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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 1. Concurrent with the 
growth of the industry, increasing interest was focused on the 

q potential pneumoconiosis problem associated with exposure of 
workers to diatomite dust in its various forms. By the later 19:10's, 

J sufficient evidence became availuble 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 Californin State Department of Public Hea'> 
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 plants in Nevada and Oregon, 

'1 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 HaroLDh J. MAGNUSON, M. D. 
Chicef, Occupational Health Program 

UNITED STATES i 
GOVERNMENT PRINTING OFFiCE 

WASHINGTON | 1958 

For sale by the Supetintendent of Docutoents, U S Govenmnent Ponting Othee 

Washington 25, 1. - Price 55 cents 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 3 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/3

https://asbestosclaims.law/library/11989/3


Field Study Personnel 

U. S. PuBLICc HEALTH SERVICE 
Occupational Health Program 

L. J. Cralley, Scientist Director 
C. J. Buhrow, Surgeon 
H. L. Kusnetz, Engineer 
L. J. Pecora, Physiologist 
V. B. Perone, Medical Technician - 
P. F. Woolrich, Engineer 

CALIFORNIA STATE DEPARTMENT oF PusLic HEALTH 
Bureau of Adult Health 

W. J. Menke, Jr., Medieal Officer 
P. E. Caplan, Engineer 
D. K. Freedman, Medical Officer 
W. C. Thielen, Chemist 
Elizabeth Tuljus, Nursing Consultant 
Irma West, Medical Ofhicer 

Division of Laboratories 
Lois Lindberg, Bacteriologist 
Catherine Powers, Bacteriologist 

Bureau of Tuberculosis Control 
Vernon West, X-ray Technician 

OREGON STATE BoarD oF HEALTH 
Occupational Health Section 

K. N. Flocke, Assistant Director 
R. E. Moser, Chemist 

PANEL OF RADIOLOGISTS 
Waldo R. Oechsli, M. D. 
George Jucobson, M. D. 
Armand K. Brodeur, M. D. 
Bernard Kordan, M. D. 

1v 

Acknowledgments 

[Asterish indicates a change in affitiution or position since time of study ] 

Acknowledgment is made {o the management and employees 
of the plants participating in the study for their cooperation and 
assistance. 

Appreciation is expressed to the labor unions for their help and 
cooperation with special acknowledgment to Mr. Lee Jones,* 
president, Local No. 146, Chemical Workers' Union; Mr. Jack 
Dimock,* president, Local No. 113, United Construction Workers; 
Mr. Joe Ybarra,* president, Local No. 350, United Construction 
Workers; Mr. John Gonzales,* president, Local No. 262, United 
Cement, Lime & Gypsum International Union; and Mr. Carl 
Dawson,* president, Local No. M1, International Woodworkers 
of America. 

Acknowledgments for their cooperation and assistance are also 
made to Mr. O. B. Westmont and staff, Mr. H. M. Jackson, and 
Dr. K. W. Smith, of Johns-Manville Corp.; Mr. Edward Ingram 
and staff, Mr. A. K. Muir and staff, Mr. J. A. Carr* and staff, 
Mr. E. A. Harris and Mr. D. R. Tellefsen,* of Great Lakes Carbon 
Corp.; and Mr. G. J. Christner, vice president, Mr. F. L. Wood- 
bridge, and Mr. J. W. Kenney and stafl, of the Eagle-Picher Co. 

Dr. W. M. Anderson (deceased), and Drs. R. H. Smart, H. 
Motley, and W. H. Carnes gave liberally of their time in review- 
ing their data and experience in diatomite pneumoconiosis with 
the medical members of the field team and the panel of consultant 
radiologists. 

Appreciation is expressed to the local physicians practicing 
in the different plant communities for their interest in the study, 
and to Miss Clancy of the Lompoc General Hospital; Dr. Mazur 
of the Harbor General Hospital, Torrance, Calif.; and Mr. Baer 
of the Central Oregon District Hospital, Redmond, Oreg.; and 
their staffs. 

Valuable assistance in planning and coordinating the study was 
given by Dr. W. L. Halverson,* Director of Public Health, Cali- 
fornia State Department of Public Health; and Dr. H. M. 
Erickson, State Health Officer, Oregon State Board of Health; 
and their staffs. 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 4 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/4

https://asbestosclaims.law/library/11989/4


vi Acknowledgments 

For consultation in planning the technical aspects of the study, 
assistance is acknowledged to Dr. R. R. Beard, Stanford Medieal 
School; Dr. B. D. Tebbens, University of California School of 
Public Health; Dr. Frederic M. Kriete, California State Depart- 
ment of Public Health; and Dr. Jacob Yerushalmy, University 
of California School of Public Health. 

The following personnel planned and conducted the laboratory 
analytical work of the environmental studies: Mr. D. H. Byers, 
Mr. D. E. Rushing, Mr. W. G. Garcia, Mr. N. A. Talvitie, Mr. D. A. 
Fraser, and Dr. H. J. Paulus,* of the Occupational Health Pro- 
gram, Public Health Service; and Mr. W. J. Roberts and Mr. 
W. C. Thielen, of the Bureau of Adult Health, California Depart- 
ment of Public Health. 

Personnel of the Occupational Health Program, Public Health 
Service, who also aided in this study in an advisory or technical 

~capacity, included: Dr. Seward E. Miller,* Mr. Henry N. Doyle, 
and Miss Victoria M. Trasko. 

Mr. Edward S. Weiss,* Mr. Tetsuo Shimamoto,* and Miss 
Marian Thaubald, of the Occupational Health Program, assisted 
in the setting up and handling of records and data. 

Contents 

Foreworp . ) 

FieLbp STubpy PERSONNEL ) i S 
ACKNOWLEDGMENTS , o 
PHOTOGRAPHS AND FIGURES _. o 

ABSTRACT . _ ... ... ... . ... _...._.. A 
NATURE AND SCOPE OF STUDY . ___ .. ____ .. . _. . .. 
Diatoms: DESCRIPTION AND DISTRIBUTION 
REVIEW OF LITERATURE ___ 

Epidemiologic Studies o 
Pulmonary Pathology in Mun 
Pulmonary Funetion Studies B 
Studies in Lower Animals e .. 
Chemieal and Physicual Studies on Diatomite 

THE Di1aTOMITE-PROCESSING INDUSTRY 
Description of Operations 

Quarrying . o 
Material Treatment 
Packing 
Shipping 
Maintenance 

Sources of Airborne Dust 
Nature of Product 
Specific Operations 

Quarrying . _ v 
Material treatment 
Puacking 
Shipping 

Work Habits 
Dust Load of Ambient Air 
Condition of Operating Equipment 

ENVIRONMENTAL STUDIES , 
Atmospheric Sampling Methods 

Standard and Midget Impinger 
Electrostatic Precipitator and High-Volume Sampler 
Membrane Filter 

15 

19 
19 
19 

20 
21 
22 
22 
23 
23 

vil 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 5 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/5

https://asbestosclaims.law/library/11989/5


viit Contents 

ENVIRONMENTAL STUDIES——Continued 
Chemical and Physical Methods . . oL 

Analytical Methods . - ... . . 
Particle Size Determination. .0 .. S 
Dust Counting Procedure . _ . S 

Resulls of Environmental Studies. - ... ___ .. __ 
C omposm()n of Crude Diatomite . _.___ 
Quartz in Parent Material, gettled Dust, cmd Alr- 

borne Dust ... ... . ... . __.____ - 
Cristobalite in Parent Material, %ttled DusL, and 

Airborne Dust. ... ... ____.. 
Cristobalite in Different Size I‘l’d(,thnb of Parent 

Materials v el 

Particle Size [)l\ll"lbutl()n e 
Atmospheric Dust Concentrations_ .. . .. .. .. 

Dust Control Program _ .. o 

Control of Dust at Source of Dispersion. ... _____ . 
Routine Dust Evaluation _. 
Improved Housekeeping and Maintenance ... .. 
Personal Respiratory Protection _._ . ...._..... 

Comparison of Initial and Followup Studies ... ... 
MEDICAL STUDIES , 

Personnel and Facilities o . 
Procedures. 

History and Physlml Examlndtlom 
Chest Roentgenograms 
Laboratory Examinations 
Intradermal Tests 
Pulmonary Function Tests . 

General Characteristies of Workers Ex: 1m1nv(l 
Sex, Race, Age, and Duration of Employment 
Occupation 

Pulmonary Findings 
Classification of Roentgenogmphlc Abnormdlltw 
Film Interpretations 
Films Interpreted as Abnormal 
Chest Films as Related to Duration and Type of 

Exposure . 
Roentgenographic ( hanges ‘md Ag( 
Chest Films of Workers Exposed to Fresh Water 

Diatomite 
Case Histories 
Results of Intradermal Tests 
Other Studies for Tuberculosis 

Payge 

26 
26 
25 
25 
26 
26 

217 

27 

30 
30 
39 
41 
42 
42 
42 
42 
43 
62 
62 
63 
63 
63 
63 
63 
64 
64 
64 
66 
67 
67 
70 
72 

77 
78 
80 
82 

s
 

Contents 

Mepicat Stupies Continued 
Pulmonury Findings Continued 

Physical Signs and Chest Film Interpretations 
Respiratory Symptoms and Ventilatory Function 

Followup Observations 
SUMMARY AND CONCLUSIONS 

Environmental Findings 
Medical Findings 

RECOMMENDATIONS S . 
Dust Control . = .. _. . e 
Labeling . . .. ... ... . 
Medical Program 

REFERENCES. . . . _ 

Photographs and Figures 

FRONTISPIECE. A panel of an exhibit prepared and shown by 
Occupational Health Program, Public Health 
Service. 

Ficure 1. Typical flow diagram 
FIGURE 2. X-ray diffraction patterns of dmtomlte products 
Ficure 3. High quality, salt water, crude diatomite 
Ficure 4. High quality, fresh water, crude diatomite 
FIGURE 5. Milledsalt water naturaldiatomite (main product) 
FiGURE 6. Milled salt water natural diatomite (baghouse 

product) 
Ficure 7. Flux-calcined mlllul salt water dmtom)te (main 

product) 
Ficure 8. Flux-calcined milled mlt water dmtomltv (bn;,,- 

house produet) 
FIGURE 9. Milled natural salt water (lmtomlt(' 
FIGURE 10. Milled flux-calcined salt water diatomite 
FIGURE 11. Particle-size distribution of airborne dust by pro(l— 

uct category . - 

FiGURE 12. Percent of samples sho\nng indicated (lmt con- 
centrations in million particles per cubie foot of 
air determined in the 5 plants during initial study 
of 1953 54, in the followup study of 1954 55, and 
in routine plant studies during 1956 

FIGURE 13. Quarry truck-loading operation 
FIGURE 14. Ventilating unit in truck cab showing replaceable 

air filter 
FIGURE 15. Operator of carryalls in quarry weirs an ar sup- 

plied hood provided with clean air 
. FIGURE 16. Packing station 

ix 

83 
83 
85 
87 
87 
88 
90 
90 
90 
91 
92 

16 
26 
31 
) 

- 

33 

34 

36 
31 
38 

39 

14 
16 

47 

45 

49 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 6 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/6

https://asbestosclaims.law/library/11989/6


Fieurk 17. 

FlGuRre 

FIGURE 
FIGURE 
FIGURE 
FI1GURE 

FIGURE 

F1GURE 

FI1GURE 

FIGURE 

FIGURE 

FIGURE 
FIGURE 

Froure 

FIGURE 

Ficuik 

FIGURE 

TABLE 

TABLE 

TABLE 

18. 

19. 

20. 
21. 
22. 

23. 

28. 
29, 

31. 

32, 

33. 

. Mill cleanup showing 

30. 

Conients 

Product packing operation illustrating the use of 
locul exhaust ventilation 
Product packing station 
Conveyor from packers to palletizing pit 
Palletizing press , 
Personnel blowoff booth , . 
Blowoll booth. Used for eleaning diatomite dust 
from equipment with compressed air 
Dust collection system showing completely en- 
closed baghouses 

" Dust collection system showing eyelone eollectors 
and completely enclosed baghouses 
Processing area showing rotary kilns and classifica 
tion equipment. . . . . 

central vacuum system 

standpipes 
_ Mobile vacuum cleaning unit for warehouse floor 

cleanup . ... ... ... Lo 

Unit loading of boxear . o 
Chest film interpreted as consistent with advanced 
pneumoconiosis with coalescence. Classified 
LN,C, . ‘ o 

Chest film interpreted as consistent with ad- 
vanced pneumoconiosis with coalescence bilater- 
ally. Classified LN,C, 
Chest film interpreted as consistent with advanced 
coulescent pneumoconiosis, with distortion of in- 
trathoracic structure and basal emphysema. 
Classified LN,C, ; 
Chest film interpreted as consistent with advanced 
pneumoconiosis, with coaleseent densities in both 
upper lung fields. Classified LN.C, 
Chest film interpretations classified according to 
type and duration of exposure 

Tables 

_ Percent composition by dry weight of erude diato- 
mite according to source 
Percent by weight of quartz in parent material, 
settled dust, and airborne dust according to 
product, 5 plants combined ‘ 
Percent by weight of eristobalite in parent male- 
rial, settled dust, and airborne dust according to 
product, 5 plants combined o 

649 

-
3

 
13

V]
 

-
1

 
ie

a]
 

o
 

-
1

 

TaprLe 4. 

TABLE O. 

TaBLE 6. 

TasiLe 7. 

TasLE 8. 

TasLe 9. 

TaBLE 10. 

TaBLE 11. 

TaBLE 12. 

TasLE 13 .
 

TasLE 14. 

TasLE 15. 

TaBLe 16. 

TasrLe 17. 

Contents 

Percent by weight of cristobalite in different 176 
fractions of produet 
Particle size of airborne dust according to product, 
5 plants combined 
Atmospheric dust concentrations by product and 
operation, 1953 54, 5 plants combined 
Summary of dust concentrations according to 
product during initial study, 1953 54, followup 
study, 1954 55, and routine plant studies, 1956, 
5 plants combined S _ 
Age distribution of 785 diatomite workers ex- 
amined in 1953 51 ‘ 
Age distribution of 785 dintomite workers ex- 
amined in 1953 54, and of workers in other indus- 
tries studied by the Public Health Serviee 
Distribution by years employed in diatomite n- 
dustry of 785 workers examined in 1953 M 
Occupational distribution of v85 dintomite workers 
as of 1953 H4 
Comparison of results of interpretations of chest 
flms of workers in the dintomite industry, taken 
during 1953 54, by study group 
Interpretations of chest films of 738 workers ex- 
amined in 1953 54 by duration of employment in 
the dintomite industry, workers with history of 
other dust exposures excluded 
Interpretations of chest films of 738 diatomite 
workers examined in 1953 54 by type and duration 
of exposure, workers with history of other dust 
exposures excluded 
Interpretations of chest films of T38 diatomite 
workers examined in 1953 53 by age, workers with 
history of other dust exposures exeluded 
Positive reactions to intradermal tests with tuber- 
culin, histoplasmin, and coceidioidin in relation to 
interpretations of chest films of 741 diatomite 
workers examined in 1953 51 
Summary of chest films ol diatomite workers 
interpreted as showing progression between initial 
study in 1953 54 and followup in 1955 56, based 
on 375 workers who continued at their employ- 
ment 

xi 

Pape 

30 

43 

6D 

60 

66 

T 

81 

86 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 7 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/7

https://asbestosclaims.law/library/11989/7


—
 

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 

xiii 
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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 & positive tilm, but 10 percent showed doubtful linear-nodular 
changes. 

There wias no evidence that tuberculosis, histoplasmosis, or 
coccidinidomycosis 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 3756 films were 
reviewed of workers with 2 years' additional exposure following 
the survey, revealed progression to a positive category in only 2 
cases previously classified as negative or doubttul; 14 previously 
interpreted as positive showed slight to moderate progression. 

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 caleined 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 II had a profound influence on the in- 
dustry. The demand for the calcined product rose sharply and 
soon 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 0- 58 2 1 
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Prucumoconiosis in Diatonite Minng and Processing 

By the later 1010°s suflicient evidence was available to aflirm 
that a disabling pneuamoconiosis conld be associted with excessive 
exposures to certain forms of diatomite dust. It was also de- 
termined that the caleining of erude diatomite could convert g 
considerable percentage of the amorphous silica into a crvstalline 
form, cristobalite, which is much more reactive biologically than 
the amorphous silica. Pespite this accumulated knowledge, many 
questions still remained unanswered as to 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 Health Service assist in carrving out 
a comprchensive environmental and medical study of the 
diatomite-processing industry in California. Discussions with 
management and union officials 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 dintomite; 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 wonlil 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 varions degrees of roent- 
genographic change and clinical manifestations, physiologie 
changes, pathologic findings, and disability ? 

3. What is the reltion between the foregoing manifestations 
and the degree and type of exposure” 

4. Is the pneumocontosis associnted with exposure Lo 

diatomite tvpical of silicosis? [f not, swherein does it differ? 
5. What is the significance of exposure to the different sourees 

and forms of diatomite and the etiology of disease: {a) Sea water 
(marine) and fresh water (imnetie) deposits: (5) ernde, natural, 
straight-caleined and flux-caleined diatomite? 

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

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

W
,
 
e
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Neature and Scope of Study 3 

8. What is the relation, if any, hetween the pneunoconiosis 
found in this industry, and tuberculosis or other respivatory 
diseases? 

9. What dust controls are needed to provent the development 
of pneumoconiosis? 

The study was a conperative effort of many groups, including 
lubor, 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 nature of dust exposures. Medical 
studies of the employees included work and medical histories, 
physical examinations, chest films, clinical laboratory examina- 
tions, intradermal tests with 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 vears’ 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 technologic 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 water and 2 fresh water 
diatomite. Four plants produced natural, high-temperature 
straight-calcined and flux-caleined products, and the fifth only 
natural and low-temperature straight-caleined products. 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 ftindings 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 physician when in the latter’s opinion such information 
would prove helpful in the managgrement of the case. In addition, 
in all instances where chest films and histories were consistent 
with a definite diagrnosis of pneumoconiosis, reports were similarly 
submitted to the private physicians. 

Those responsible for environmental studies maintained elose 
linison with the staffl members of each plant responsible for 
industrial hygiene and transmitted to them the findings applicable 
to their plant. 
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4 Pncumaocaoniosis in Diatomite Vining and Processing 

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 generally 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 dintom 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 (J8-41, 47). 
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6 Prcumoconiosis in Diagomite 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 compuosition, 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. 

Review of Literature 

The first report linking exposures to diatomite dust with an 
ensuing pneumoconiosis appears to be that of Legge and Rosen- 
erantz 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 b 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 yvears 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 lung shadows. 

In 1918, however, Vigliani and Mottura (5) deseribed a different 
situation in two factories in Haly manufacturing filter candles 
from ecrude dixtomite obtained from Tuscany. In the process, 
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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 
diffuse and “lacelike.” Conglomerate lesions were described and 
a tendency to spontancous pneumothorax was indicated by its 
occurrence in 3 of the 7 advanced cases. Workers handling crude 
diatomite showed only mild changes. The authors concluded that 
the difference was probably due to the presence of cristobalite 
in the caleined form. Dust exposures were estimated at 400 to 500 
particles per cubic centimeter (11-14 million particles per cubic 
foot of air). The dust samples were collected with a thermal 
precipitator and counted at a magnification of 200 <. The particle 
cize of the dust ranged from 0.5 to 2.0 microns. 

Luton, Champeix, and Faure (6) in 1949 reported on clinical 
and radiographic examination of 31 workers engaged from 9 to 
23 vears in the quarrying or handling of natural diatomite in 
France. Thirteen were described as showing evidence of pnea- 
moconiosis, but effects were regarded as relatively mild. High 
concentrations of dust existed in the working environment. Most 
of the dust particles ranged between 1 and 2 microns in size. 

Observations of workers in United States plants were reported 
in 1952 by Smart and Anderson (7), who presented their findings 
in a serial study of several hundred employees in five plants in 
the Western United States. The authors concluded: 

1. The inhalation of diatomaceous earth may produce a 
distinct {vpe of pneumoconiosis. 

9 The inhalation of erude diatomaccous earth and natural 
powders over a long period of time may produce a benign type of 
linear pulmonary fibrosis, leading to few if any symptoms and no 
demonstirable disability. 

3. The caleined and flus-caleined powders may occasionally 
produce a rapidly progressive pulmonary fibrosis or granuloma 
with massive coalescence, bullous emphysema, exiensive pleuritis, 
cor pulmonale, and not infrequently spontancous pneumothorax. 

4. Massive conlescent pulmonary lesions oceasionally have 
developed in persons whose intradermal skin tests were com- 
pletely and repeatedly negative to full dosage of standardized 
tuberculin, and in these cases we have been unable to identify 
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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 
workers engaged in processing this material, even when it is 
subjected to flux calcination, than are marine diatomaceous earth 
products. 

Ebina, Takase, Inasawa, and Horie (8) in 1952 reported find- 
ings on 106 employees of diatomaceous earth plants in Japan, 
in which 11 percent were described as having pneumoconiosis. 
The shortest period of exposure associated with diagnosable 
disease was 3 years, and advanced stages were found only after 
15 years. Dust exposures were heavy, ranging from 3,200 to 4,600 
particles per cubic centimeter (90 to 130 million particles per 
cubic foot of air). The particle size of the dust was under 3 
microns. No information was given on the percent of quartz that 
may have been in the crude diatomite or on the nature of the 
milling processes. 

Gervais (9) in 1955 studied 146 workers in factories in France 
processing natural and caleined diatomite. No silicosis was found 
in persons with less than 2 years of exposure. As the years of 
employment increased, silicosis became pronounced. Dust con- 
centrations were not given. The author did not distinguish between 
amorphous and crystalline forms of silica. 

Luton, Champeix, Ravet, and Vallaud (10) in 1956 reported 
on a survey of 3 factories in France engaged in processing 
diatomite and employing 124 workers. The first factory employed 
30 workers and had been in operation some 50 years. Six em- 
ployees with many years of work in the plant had silicosis. The 
second and third plant calcined the diatomite. Composition and 
concentration of the dust were not given. Out of 92 employees, 
10 cases of silicosis, including 2 deaths, were reported. The authors 
concluded that the amorphous silica is only moderately, if at all, 
harmful when inhaled, but that the calcined diatomite becomes 
as dangervous as quartz. 

Barsi (11) in 1956 described a single case of pREuMoconiosis 
in Italy from exposure to amorphous diatomite. The worker was 
engaged for about 12 years in the excavation, dehydration, and 
milling of diatomaceous earth. No calcining was done. The chest 
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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. o 

A comprehensive study of the silica brick industry in Pennsyl- 
vania reported by Fulton (1.3) in 1941 has a bearing on pneumo- 
coniosis resulting from exposures to dusts with high cristobalite 
content. The calcining 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 179 vears 
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 silivosis developed after 
the same length of time in workers exposed to similar levels of 
burnt (ealcined) brick dusts but having high percentages of 
cristobalite and tridymite. 

Pulmonary Pathology in Man 

In 1911, Nordmann (1%) reported the results of 6 autopsies 
on individuals exposed from 2 to 1€ years to kieselguhr having a 
high quartz content. Tweo cases, with approximately 2 yvears’ ex- 
posure, had stage 1 silicosis; 2 eases with 4 te 7 vears' 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. 

Systematic study of the pathologic changes in the lungs of 
individuals who had been exposed to dintomite was carried oul 
for a number of years at the Saranae Laboratory of the Trudean 
Foundation by Vorwald, Durkan, Pratt, and Delahant, who de- 
seribed in 19419 (13) the changes observed in 10 such cases. It 
was concluded that diatomaccous earth could produce pulmonary 
disease in man, but that the lesions were different in character 
from those produced by quartz, in that there were no clear-cut 
discrete hyalinized nodules, and the foci of reaction were es- 
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sentially cellular with relatively slight deposition of collagen. Some 
of their cases exhibited muassive 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 
empl ved in the diatomite industry in the Western United States; 
18 of 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 classical 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 af 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 (I16) has provided new information. Among 49 cases 
examined through 1957, 21 have had massive coalescent lesions. 
In contrast to the T 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 ~aseation 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 diatonceous earth pneumoconiosis. The evidence is 
still Lucking that coalescence always indicates complicating infee- 
tion. 

Pulmonary Fonetion Studies 

The importance of objective tests to measure lung function 
changes is being increasingly recognized in the study of pulmonary 
dust discases. In 1955, Motley (17) published measurements of 
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12 Preumoconiosis in Diatomite Mining and Processing 

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 earth. Although 
this worker had no specific complaints, a decrease was noted 
in his maximum breathing capacity and exercise oxygen uptake. 

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 reacfion 
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 normal 
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 eristobalite and 
tridymite were more severe than from quartz, and the fibrosis 
that followed was more of a diffuse form, rather than nodular. 

Kevtow of dteratin 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 guinca pigs in experiments reported by Miller 
and Sayers (24) in 1941, The crystalline 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 sccondary infections was noted. However, 
there was no indication of inereased 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, cristobalite, 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 deveted to studying factors 
influencing the conversion of amorphous silica and quariz to 
cristobalite and tridvmite (30-33). These studies show that the 
rate of conversion from quartz to eristobalite 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 guartz 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 (4.2), 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 proeessing 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- 
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Figure 1. Typical flow diagram. The various processes to which 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 elassificd into products of desived 
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 calcining is done in a rotary kiln at either a low 
(approximately 1,600 I7.) or high (1,800 -2,000 1) tempera- 

ture. 
Flux-ealcining 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- 
khouse 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 boxears. 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, caleining, 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 Awrhorne Dut 

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

( 'anlosures. Factors which influence the airborne dust concentra- 

4791190 oK 
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18 Prneumoconiosis in Diatomite Mining and Processing K K 

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 efTee- 
tive in keeping out dust since in many instances the windows of 
the cabs had to remain open for visibililty and comfort reasons. 
Respirvators 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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}‘Fn‘“orologlc conditions contaminated occupied areas inside the 
.t plants, 

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

' portance of .mainten:mcc 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 respirvators was mandatory 
~during this activity, but dust from the ope ation 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 
und 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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20 Picumoconiosis in Biatomite Munng and Processing 

all specitic operations in the general arvea disseminating dust and 
especially retlects the extent of good housekeeping and mainte- 
nance practices. 

As with careless operating procedures and work habits, it was 
observed that poor housckeeping 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 evaduating 
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 housekeeping amd had 
begun to emphasize this aspect of dust control. 

Condition of Operating Equipment 

The importance of proper cquipment nuintenance was ve- 
peatedly demonstrated in the prevention of dust dispersion {rom 
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-oul 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 aren 
coveraltold. Lack of attention to such situations also made good 
housckeeping difficult. Muanagement was aware of the necessity 
of proper equipment operation for guality control aud had in- 
stituted good maintenance programs. 

Environmental Studies 

. The environmental studies included the determination of dost 

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 

"dust. Of these, 1,160 were impinger samples for determining 
stmospheric 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 specitic 
activity was governed by operational variation, range of dust 
counts obtained, and by the number of employees engaged in a 
specific area or task. Samples were taken on different days and 
during 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 appeared 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 
with 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 
each of the 3 years covered by the report. 
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22 Prneumoconiosis in Digtomite Mining and P'rocessing 

Atmospherie 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 employed to secure comparable correlation of clinical and 
environmental findings and to express recommended maximum 
allowable eoncentrations 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 filer 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- 

e
 

Environmental Studics R 
o ’\‘, A 

AN ,-‘Gnder fraction had a dark to light field ratio of 1.6:1 compared 
s o 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 
. i ,present in the air and collected by the impinger but unrelated to 
n ?, _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. 

) al . . . . ~ 
Electrostatic Precipitator and High-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 
time ranged from 3 to 17 hours, depending on the atmospheric 
dust load. 

Membrane Filter 

Atmospheric dust samples for particle size determination were 

- collected on aerosol-type membrane filters. Since particle sizing 
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21 Preumoconiosis in Diatomite Yoing and Processing 

was done in the laboratory subsequent to the fieldwork, lengrth 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. Stimultanecous 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 eounted 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 ficld 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 i.19 to 1.51. 

In a series of six tlests, dintomite dust from impinger samples 
wis placed on clean microscope slides and the waler evaporated 
by air deying. The dust ina defined area on each slide was counted 
with the light field microscope. A drop of cedar oil, refractive 
index 1.51, was placed on the shide and the same area counted. | 
was observed that many of the dust particles beeame 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 

P 

e TN 
<% 'g gecond series of 6 tests, using oil immersion (970 <), the number 
\‘?of parti(’lvs counted in the prescribed area averaged the same 

.. pefore and after the use of the oil. 
- The results of these series of tests show that the membrane 
. fAlter was not a satisfactory method for collecting diatomite dust 

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

- Environmental Studies 25 

T Chemical and Physical Methods 
S Analytical Methods 

;': The percentages of cristobalite and quartz in the samples were 
" obtalned by X-ray diffraction using photographic internal stand- 

prd techniques. The primary standards used in the preparation 
% },o{ calibration curves were natural specimens of optical grade 
%% Brazillan quartz and cristobalite of high purity from Durango, 
- Mexico, obtained through the U. S. National Museum. The diffrac- 
* tlon photographs were obtained with a General Electric XRD, 

S~ type 1 diffraction apparatus. The line densities were read on a 
LS i-Leeds & Northrup recording microphotometer. 
qsfi b . Figure 2 shows typical X-ray diffraction patterns for crude, 
A~ 587 natural, high-temperature straight-calcined and flux-calcined 

4% %5 dlatomite products. 

‘w“' 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 1.515 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 
.j";Paiterson 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- 
J_,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 

g Annual Meeting of the American Conference of Governmental 
lnd}zstrial Hygienists. Samples were counted within 24 hours 

e .. of collection. Settling time, averaging 40 minutes, was allowed 
i :Is;z'fif;,ifl,;t}“lg Dunn cells. The Dunn cells were calibrated for depth and 

;\&!%?'Qpriate correction factor was applied. 
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Figure 2. X-ray diffraction patterns of diatomite products. L. 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 
cristobalite. 3. High temperature straight-calcined diatomite. Distinet lines 
are those characteristic of cristobalite. 4. Flux-calcined diatomite. In- 
creased intensity of lines and disappearance of diffuse band show greater 
conversion of amorphous silica to cristobalite. 

Results of Fnvironmental Stadies 

Composition of Crude Diatomite 

The percent composition by dry weight of crude diatomite 
samples from salt and fresh water sources is shown in table 1. The 
value for any one component may vary according to the source and 
purity of the crude diatomile. As an example, the ecalcium com- 
ponent may range from a trace to 3 percent and over. The mois- 

Environmental Studies 2 

ontent may exceed 5 percent. The values in the table are 
y ;“‘;Wlthin the general range reported by others (38, 39, 47, 48). No 

r j’gpparent difference is noted in the chemical composition of the 
‘erude diatomite from the two sources. 

Tasre 1. Percent composition by drv weight of crude diatomite according to source 
Pereent by dry Percent by dry 

weight welght 

Qotmponent B R Component o 
b Salt Fresh Salt | Fresh 

water water witer waler 
diatotnite] dintomite diatorte] diatomite 

,,,,,,,,,,, 64 8.1 AgO 05 0.2 
147.8 1855 K\0 .2 1 

2.6 36 || NuaO .6 1 
.8 1 6 1] Vodeteninined .8 5 

,,,,,,,,,,,, .2 2 ! 
ig B! Total 100 0 | 1000 

i 

: Table 2 shows the percent by weight of quartz in overburden, 
‘erude diatomite, and mixed mill dust. The crude and various 

g ,'gdlatomite products, and their settled and airborne components, 
.-+++ had 8 mean quartz content of 2 percent and under. Overburden 

"had & mean quartz content under 5 percent. Although the per- 
-contage values for quartz will vary with the source of the crude 

“*.." 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 
s processing industry studied. 

& 

“Tante 2. Percent by secight of quartz in parent material, settled dust, and airborne dust 
according to product, 5 plants combined 

Parent matepind ‘ Settled dust Airborne dust 
e R . . - 

5 hiartz ‘ Quatz 1 Qurtz 
o ” Product Number pereent by Number ' pereent by Number @ pereent by 

! of weight of ; wenpht of weight 
!3 samples L saimples i . sinptes . 

*( Hange | Mean i Range | AMean ‘ Range | Mean 
‘2‘ T o ) o o i ; ) 

4 Overburden .. . ] o 5 3 2 1 1 ' 
}'i Orute dintomlte i 07 2 bl w13 2 1 o ! 
4 Mitied product. 13 05 <2 7B <4 2! 3 12 2 

K3 Cristobalite in Parent Material, Settled Dust, and Airborne Dust 
% 

) "_«'-aw‘_—,;,g.,No cristobalite was noted in the overburden, crude diatomite, 
%l:!;g}‘diatomite or low-temperature straight-calcined diatomite 

(ool A 
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28 Prcumoconiosis in Diatomite Mining and 'rocessing 

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 Settlied dust Airborne dust 

Cristobalite, Cristobalite, Crixtobalite, 
Prodnet Nutbnr prreent by | Number pereent by | Number pereent by 

of sam- weight of xam- waeight of satn- weipht 
ples | ples | ples 

Rang " Aean Range | Mean Runpe | Mean 

Natural: 
Main prodnuet 6] 071 <1 1 <1 i ) 5 
Rapghou-e product 1 0 3 <1 0 

Steapeht-calemed ) 
i product 4110 20 T 15 3 8 37 &9 3 1226 | 
Bavhonse prodoct 201- 1 21 1 ? 52 ] 22 

Fhiv-ealomed 
At praduet 541 58 W 8 |GREY 3 7 15 1 12 
Buglouse product 4155 64 61 4 24-6t 45 ] 2310 a2 

4 57-95 175 

Albtypes (mivned) 18 1053 25 14 T ‘ " 

3 High temperatute 

2 Baghotse «hi-sification arens: 

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 

Lavironmoental Stiedios 24 

n various diatomite products are presented in the previously 
shown 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 straight- 
calcined, flux-calcined, and mixed products. For example, the mean 

Ay eristobalite content of high-temperature straight-caleined main 
» and baghouse product settled dust is approximately twice that 

of the parent material. On the other hand, with flux-calcined 
e products, the mean cristobalite percent of the settled dust, except 
.{or the baghouse classification area, is less than the corresponding 

Y, parent material. The cristobalite content of airborne dust is ap- 
@?{# proxlmutely the same as that of the corresponding parent material 
At for high-temperature straight-calcined products, while in the 

‘flux-calcined products the cristobalite content of the airborne dust 
s 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 

jze 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 

- ..gontent of the parent material would likely represent the ranges 
“vexinting among different products. 

(,@j.k“ The settled dust samples were collected on structural members 
. A8 near head height as possible. These samples, because of natural 

" alr classification, would be expected to have a higher cristobalite 
“~eontent than the parent material. However, a direct relation did 

. -’_;fi,’;,not exist between the cristobalite content, parent material, and 
... pottled dust since the settled dust samples were not necessarily 

" from a single product category and often contained dust from 
o .’, other operational areas. In many instances, natural, straight, and 

- 7 flux-calcined products were processed in the same arcas and 
. 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 

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

- pystems, in addition to collecting the dust at its source, brought 
<" In replacement air. The dust load of the replacement air would 

& ¥ 4 en"be an important factor in the operator's exposure. The 
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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 temiperature 
straight-calcined material. They also show that even the high- 
temperature, straight-calcined 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 
oL . e . | 

PPerernt by wewhit of v gatatine 

Product 
Less than $-10 10 or mote 
3 mterons microns HCrons 

! 
Straght caleined 8 i 

Main prosduct: 
Sample Noo o 150 N0 

Samphe N 2 . . 120 1% 0 17 0 

HBaghouse product 
Sample No o) a0 30 d00 
Sample No 2 9.0 136 10 

Flun-culemed 
NMain produet 

Sample Noo 571 5140 310 

Sanmipl No. 2 610 57 0 dan 
=amph No_ 3 61 n 850 o 

Baghoise product 

Sampls No. i 62 n a0 e 
Sample Na. 2 [iNt] 15N 5% 1 

| 

CHiph 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 

Environmental Studies 

lgure 3. High quality, salt water, crude diatomite, 600X. This sample was 
1+ taken from the crude material as removed from the ground. Note the 
‘;; 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 10 be from 12 1o 40 square meters per gram. The instru- 
i mental magnification by the electron microscope was 130 diameters and the 

soidth of the field approximately 0.2 mm. 
: 

3 g 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 

: l{{pdlgcts, respectively, and figures 7 and 8, flux-calcined main 
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32 Preumodoniosts in Diatomite Minimg and Processing 

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

and baghouse products. Photomicrographs bringing out details of 
structure of natural and flux-caleined 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 
large particles from the product. This is reflected in the particle 
size distribution pattern observed in the airborne dusts. The 
distribution of particle size of the airborne dust samples in the 
five plants by product category is shown in figure 11 Average 
values are shown for the combined samples by product, regardless 
of sampling location. The median particle size values of these 
samples are given in table 5. It must be noted that since all the 
dust samples were collected during the nonheating season, and 
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X Figure 5. Milied salt water natural diatomite (main product), 600X. This 
m:maurlal is essentially the same as that in figure 3. Note the absence of 

‘ whole diatoms. 

‘the plants were generally isolated from inhabited areas, there 
4 Was minimal superimposed airborne particulate contamination 

v 'from community sources. 

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

Median particle-size i microns 

Product Number of 
satirples i 

Hanype Muedian Mean 

| | 
14 o62o. 153 14 
14 L 2 11 

S Mratght ealctied ! . © 15 10 12 
i, Flusealeined ... o | 5 822 I 12 

kA I | 11 

7470110 058 4 
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Figure 6. Milled salt water natural diatomite (baghouse product), 600X. Note 
the zreatly increased number of fines in comparison with figure 5. 

The median particle size values, excepting the crude, were 
similar for the airborne dust of each of the diatomite categories, 
varying between 1.0 and 1.2, with median values of individual 
samples ranging from 0.5 to 2.2,. The crude diatomile dust had 
a median particle size of 1.5,. Ninety percent of the natural 
powder airborne dust particles were under 3.2, in size compared 
to 1.8 for the crude diatomite dust, and 4.4, for the flux-caleined 
dust. 

Onlyv small differences were noted in the particle size distribu- 
tion of dusts by operalions. Certain operations, such as crushing 
the erude diatomite and hand loading bags into boxears were 
associated with heavy dust concentrations and larger median 

f nearonmental Studies W 

» 

3 - 
milled salt water dintomite (main product), 600X, 

“warticle sizes of the airborne dusts. A wide range of values was 
* assoclated with the packing and palletizing operations where many 
“:0f the individual samples had median particle size values in the 
_i’ange of 0.5 to 1.0,. The average of the median particle size 

-.;_. values for the packing operations by product, however, ranged 
’ from 1.0 to 1.1, and was similar to the average values by product 

LA regardless of operations. Sinee most of the plant operations were 
?%V"- " In unconfined areas and ambient air dust loads played an im- 
T portant role in the dust characteristics at any one specific location, 
v " no sttempt has been made to give particle size distribution of 
; e alrborne dusts by plant operation. No apparent difference was 

. 4 

5 7 e 

oy f.':n'oted in particle size of airborne dusts in the 5 individual plants. 
i 

s 
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36 Preuamoconiosis in Diatomite Mining and Processing 

Figure 8. Flux-calcined milled salt water diatomite (baghouse product), 600X. 

To assure that these values were not a reflection of the limita- 
tions 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, each 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 

3 

3% ;&# Figure 9. Milled natural salt water diatomite, 30,000X. This highly magnified 
’ v . vlew through the interstices of a typical untreated diatom fragment shows 

'\ the precise regularity of form that is characteristic of the siructure as well 
‘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 

»1,-/ ; any one location is greatly influenced by the distribution pattern 
¥ " of the dust in the ambient air. This interpretation appears sup- 

~ ported by the particle size distribution pattern of the miscellancous 
. alrborne dust, which likewise had a mean and median value of 
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34 Puecwmoconiosis in Diatomire Mining and Procesding 

Figure 10. Milled flux-caleined salt water diatomite, 30.000X. The obvious 
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 relention 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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4 — (high temperature) 
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Percent of particles equal to or less than 
specified size 

* i rOry. “w " Figure 11. Particle-size distribution of air-borne dust by product category 
Logarithmic-probability grid. 

Atmospheric Dust Concentrations 

Table 6 shows the atmaospherie 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 
given to define the relation of intermittent exposures to peak dust 
concentrations. The average of minimum values indicates d.ust 
concentration under optimum conditions of equipment operation, 
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40 Preumoconiosis in Peatomite Minng wed Processing 

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 

. Millions of particles per eubie fool of air 
Nuher B . 

Product and operation of R samples | Range of T Averaee of | Average of k Averwe of 
R R I 1 miedian 

valies vialues values ! valus o 

Overburden 

Quinrry -carth moving ! Cee 3T 13 336 e (6 2 1 
Quarry reneral e 7 1143 N 2 s 

Crode: 

Quarry -earth mov g e 7 ROm A3 G4 [ i1 
Quarry-ceneraladr o0 bl 4 itn 33 am 2 H 
Mauterals (reatment ¢ . . 7 21-94 39 2 11 

Natural product. 
Maternals treatment . T 5188 51 {8} 5 i 
Main product packers e b 7-Ri &5 4 21 
Barhouse product packers . o oL 12 1-32 2 5 ] 
Patlet formation ..o oiiaa 13 263 41 8 1 
Hand Lueting (boxcars, trucks) ... 12 4L L 31 £ 
Unitloaling Lo 1 ! e . 

Cenernl atr samnles . N 12 g 1y W 2 4 3 
Straiehir-endered product, 

Materials treatment 14 ey 13 3 X 
Mauin produet tckees_ L e 17 444 3t 5 I 
Raghouse prodact paekers oo 2 s 8 . 2 4 
Pallet Farnustion ... h 05 17 & 7 
tland beading ® ... 0 o t 1656 32 30 ki 
General alr satipdes 5 58 6 3 § 

Fhay eabeitnad produet: 
Materinds freatruent . e i9 410 7 1 4 
Al produet packers. oo o e 34 13-52 37 3 £} 
Rarhouse product packers .. 9 %-12 1 3 3 
Pallet formution O ko 611 9 1 4 
Hand Faling U 1 104t ¥ 5 I 
U nit loadimg e e e 9 5-18 12 3 ~ 
Museellineons . o o o 26 5-% h i 4 

Digtonnte mivturne 

Matonials treatient. i o n §12 L 2 ! 
AMainteranee T . P M 13 164 i iy § 5 
Outside aie . .. 44 -4 6 1 { 1 
Niockime shaking JUTINE D ATHIS P 242 13 TM 
Refoed - | TREEEIE i 124 44 
Gieneral atr, miseddbmenus ; T 250 22 t]"vri i ' B 

i ! | 

1 Inchpdes ninping, dozine, shoveling, grading, and hanhng 
2 Mt vadue i pacenitheses 

Y2 nlants orly 
s fneludss crushingg, drymy, elassifying andd ealemany 
31 ulat only 
8 Orne sl mesel of 2 plants, and 2samplesina third plant 
! Inehides waste trucks, shops, garates, and sweeping. 
¢ Both upwinel and downwind from plant 

fongerommoental Sld 

~. The average of the median dust concentrations for all operations 
gnged 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. 
t‘-'gnd under, 33 percent 6 to 11 m.p.p.c.f., and 33 percent 11 

m.p.p.c.f. 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 
; » m.p.p.c.f. and over. . 

. These dust concent ations 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 

ast levels of dust exposure with clinical findings. The absence 
-of adequate data on the levels of dust concentration by specific 

; a’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 

%.an extensive dust control program, the dust concentration levels 
found at that time were transitory. 

i Dust Control Program 

“‘ PCMIC. In the early history of the diatomite industry, little attention 
4 e - was given to dust control except as it was an integral part of 

W 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 

1.~ 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 automatic 
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 wis recom- 

" mended for the diutomite processing industry. Much of it was 
::E" Fl 

B
 
e

l
 d

ua
t 
S

 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 29 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/29

https://asbestosclaims.law/library/11989/29


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 should be instituted. The operation 
should then be followed up by a second detailed dust study. When 
dust concentrations have beon found to be below a safe level, 
the operation should be inciided in the routine dust evaluation 
program. 

Routine Dot Fxaluation 

To assure the proper functioning of operational and dust 
control equipment, a program of routine dust evaluation should be 
inaugurated. Areas of high dust levels should be checked to 
determine 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 evaluated as a check on housekeeping, maintenance, 
and work habits, 

Tproved Househeeping and Maintenanee 

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 

elOPEd and instituted. Respirators should be worn by mainte- 
® nance and other personnel when working in areas of high inter- 

""4,’; mittent dust exposures. A routine schedule should be formulated 
', 

!' : 3 H « a3 ainl 231 2 g r\‘, for issuing, cleaning, inspecting, and maintainmng 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), 
% ollowup study (1954-55) and routine plant studies (1956). The 
Y 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 
. ynder 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 t0'8--l 
" percent in 1956. Twelve percent of the values were over 21 million 

particles per cubic foot in 1953-54 compared to none for 1956. 

L Panuk T Summary of dust concentrativns areording o product during initial studvy, 
‘ 1953-51, follorcup study, 1951 33, and rowtine plant studies, 1956, 5 plants combined 
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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 counis 
over this same period for all products combined dramatically 

presents this contrast. Out of 865 airborne dust samples collected 
in 1953-51, only 33 percent were under 5 million particles per 
cubic foot and 22 percent were over 21 million particles per cubic 
foot. In 1956, of 833 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 eubie foot. 

No reduction was noled in airborne dust concentrations for the 
high-temperature, straight-calcined product during the period 
covered. Although this product aceounted for only & minor portion 
of the production, it contains an appreciable percent of eristobalite. 

Foavesoomteental Sodie I 

" The improvements in environmental conditions were un- 
"*”ndoubtedly attributable to the concentrated efforts of the com- 

s AL panies in improving their dust control programs during the 

i nterim period. The engincering planning, however, was done 
prior to this period. ‘ . 

Tlustrative of the concentrated efforts made by the companies 

< to improve their dust control programs are the following: 
g All of the 5 plants performed routine dust evaluations. One 

plant provided all quarry 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 
. extensive engineering programs were instituted to control dust 

at its source. As examples, improved ventilation was provided 
0 gt diatomite product packers (figs. 16, 17, and 18). Bag air 

" eleaners were used (fig. 19) lo 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 

; “mechanicafly 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 housekeeping 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 
a8 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). 

2 . It seems evident that the increased attention to dust control 
measures during this period resulted in a marked decrease in the 
dust econcentrations 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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;. “Figure 16. Packing station. Operator removing filled bag which is being 
J dropped onto conveyor. In the background and shortly above to the right 

of the packing spout is located a small ou approximately 4 inches in 
diameter attached to the ventilating o h packer is provided with 
such an outlet which will pick up the spout as each bag is 
filled. 
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Note louver under pallet rack, whereby suction pit. Bag air cleaner is . Palletizing press. Figure 19. Conveyor from packers to palletizing 

air provides clegnlinass gt fhe station. 
located at end of conveyer. 
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58 Pneumoconiosis in Diatomite Mining and Processing Environmental Studies 

(I/.\‘ ““51‘, T W 

: 6. Mill cleanup showing central racuum system standpipes. 
‘We for cleaning spills, strugtuyal members and mill floors. 
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54 Pneumoconiosis in Diatomite Mining and Processing Environmental Studies 39 
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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. 
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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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Modical Studies 

Proccd ures 
Medical Studies 

The major objective of the medical studies was to determh; 
. her the prevalence of pneumoconiosis in the diatomite industry angd PR hether employees had been exposed previously _to ot lt{l 

to provide data for better definition of etiologic factors. |t wag 4;1’:}./},. wdhstrial hazards. Medical histories were desngned‘ (? 
hoped also to gain usefu] information relating various degrees of IR 1?ormati0n on current symptomg,_fld on pa‘st lllll‘L‘S;eb 
roentgenographic change in the lungs to clinical manifestationg' TM S et ? ht have left sequelae ‘;‘gm" e physncal', ra 10; physiologic changes, and laboratory findings. i3 o 4! "‘:-‘,“" i laboratory findings. Physical examinations includes Although detailed examinations were carried out, only tho‘ , i mf!{:f;’f, weight, pulse rate, blood pressure, an(! vesults which have a direct bearing on pneumoconiosis are re. h Hf %: examination of the chest; palpation of the ab@otm‘an. ported at this time. For the most part, the findings described wer : ' (m“af the skin and mucous membranes; and examination 
derived from a single examination of employees. Such 3z study 3 ""femities for edema or clubbing of fingers. of a cross section of conditions in the working population hag 3 D obvious limitations, since it does not permit estimation of the incidence of roentgenographic changes, symptoms, or altered fune. tion, nor does it permit observation of progression of the diseasy and the environmental factors influencing change. 

Preliminary to the study, the five participating plants supplied | the examining staff with case records of former employees with a 
diagnosis of pneumoconiosis, together with past chest films and : 
relevant laboratory data. Lack of information on the number 
of individuals employed the many years during which these cases ‘% 
kad developed, and on the number of less severe cases, made {t . hilis impossible to determine accurately the incidence of pneumoconio- B Ll ematocrit levels, and serologic test. f(_)r sy l; t]}::.determi- sis in the past. Available records on absenteeism and cases com- Eh {ne ‘urinalyses were carried ou‘t consisting 0t hor with 
pensated for disability likewise provided inadequate material for 2 I Ad 6! specific gravity, pH, a‘b“m‘_"' and sugar (de meaningful analysis. rcopic examination of centrifuged sediment. 

R4 Physical Examinations o I 
s 1 histories were taken to obtain information 

- figngast employment in the diatomite industry and to 
i 

5l 
¥ 

* 

ograms ;. 

plc chest roentgenograms were t.aken on 14- by ‘"'— 
s at a target distance of 60 or 72 inches, at 200 milli- 

Nising stationary equipment. 

. ) }minations . | 

o ?- “;i;lg determinations were made when possible (l))n ‘dli 
SRR A:A + white blood cell count, differential blood cell cT)unt basec 

- l;I‘l' olls, photoelectric estimation of oxyhemogl()blnw\{sltrlibz 
! E“(rj}, -ecolorimeter, sedimentation rate by the intr 

. 

Personnel and Facilities % ,._,{,tj-:‘ | | 

he e s wi lin, his- k. . . intradermal tests with tuberculin, Physical examinations of workers in the five plants were : , 3'"}'1 prees were .g‘.‘"?g- ‘nf[l‘.;:dttlurlr;e:!l'(:lfiin was a purified protein 
carried out by a field team from the Occupational Health Program ¢ “oll “"7". ri,“and c'occldml > . e‘ Division of Chronic Diseases and 
of the U. S. Public Health Service, consisting of a physician, a % 4 rsguppflxig b)fih(}sfo;)r:;;ic }{e‘anh L e dose was 

physiologist, and a medical technician. In the study of the Cali- ,"‘*"“*".’"- blosis o ‘e . 8. Public e Sy, the same Division, 

fornia plants, a physician, medical technician, nurse, and X-ray ‘ ":3*1‘) jtngfifigstom(its‘x: u‘::(} ‘in o supplied by the ® Coccidiotin 

Public Health, Maent any oecoontonis State Department of 'f:f“ ined f’ o the Schoo! of Public Health of the University Public Health. Medical and occupational histories, physical ex- ¥ah pbiained from 
S & - . ‘ e Ny C. E. Smith, and was aminations, and skin tests were responsibilities of the physicians; . !{f"t" “.3’:;":.’ thr?ulg.};ot(l;e;: the physiologist uqrmed pulmonary ventilatory tests and - ;Q tution Ol' fid the basis of the exten obtained screening electrocardiograms, while the medical tech- (tion and were classified on 

nicians performed laboratory studies of blood and urine. 

read 48 hours after in- 
t of induration, 
20 mm., 2-plus "i’""ff‘ ) mm. being designated 1-plus (+); 10 to S ith 

géi/er 20 mm., 3-plus (+++); and severe re 

“ a1 4-plus (++++). 
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6 I i LOSIS | neumoc 1 ] ine 1OCoOntosis in ,)lflf()fl”f(’ fi}lfilflg and f’rm‘t*ssus 4 
. x H ; 1 . 

Pulmonary Function Tests . ; K e . plzs. Aged 

Mettical otitanc s 

;stribution of 785 diatomite workers examined in 195 3 54 

Maximal breathin iti . g capacities, vital ca iti __ 
p . , pacitie : t”'ned vital capacxtles were determined f S ‘al’ld 3""“0!1 . ars) Number of | Percent of ‘ Age (years) Nuinber of | Percent of 

with the use of a 131/ it . rom tracmgs prep“r‘d . . "',‘ workers workers workers workers 
l)y Mot]ey (17). A 2 . iter spirometer b}’ the metheds des i - g — - e e 7 

. A predicted value for maximal breathi ser bod;, B . .. 39 s.u il 4540 6 8.4 
was calculated for each male subject b athing capaclty 3 RIS .. . 128 16.3 ) 5054 Y 13 
p. 264): y Motley’s formula (”’,- PR i;‘: 1;;2 5501 OVCT. - ... - il 4T 

_ N . L o fN 108 13.4 Totad..voeaamnnnee- 785 100 0 
Where MBC = (97—-A/2) (BSA) K ol 82 105 i 

N i ‘4 . /_'————‘—— - HIH - e ——— 

MBC = Maximum breathing capacity in li o ' . g e 
pacity in liters % i e iked .ac“nribution of 785 diatomite workers examined in 1953-54, and of workers 

V) R jn other industries studied by the Public Health Service 
per minute, 

BSA = Age of subject in years, and 
A = Body surface area in square meters Industry 

Pri i . o sox;'n Zod :hs function tests,.a sereening 3-lead electrocardio A y means of a direct-writing electrocardiograph 8’!‘&:; 
General Characteristics of Workers Examined 1 

A i : e t[;[r:':);;n:ztely 949 w9rkers were employed by the 5 plants it‘ 
(e time ¢ e examinations. Of this group, chest roentgenogra: : ade of 869 employees, or about 94 percent; the perceits?r‘i : 
;‘i rersr;p:)(;yf}?: Sh(;;i ph):s:cal examinations but missed chest films," 
For 84 of the having ro.entgenograms, no histories and phyai: ) 
cal e percen1tonsf »:ere obtained. Thus, there were 785 employees g 
or 81 percent o the ?mplqyment rolls, with complete examina: 3 
tiors. | num{))eis?): ig 1&: fl:;; part of the report are based either 
on this numb exposures.e 8 workers who had no prior history ‘ 

2 

ers between 30 
BATed referred to. 

Sex, Race, Age, and Duration of Employment 

pel'?cl;(:‘ tpsv[gleatio}:\. tstudfied was 94 percent male. As to race, 98.6 
: white, of whom a i re ¢ B Aener o e pproximately 22 percent were of 

tha’l;httah:ge d‘lkstri‘bution-which is presented in table 8 suggests 
workers examined were relatively young, with largest 

314 

’; * 

age of workers 0 
individual plants ranged from 80 to 100. An additional group of % . ui S parison shows th 

p of ZSSEREEISENENt percentage of workers un 
ver 50 years o 

and 49 years were fairl 

l;tribution by years emp 
PRIt of the employees examine 
WWES diatomite industry. Th 
BCI (0 years of employment int 
BURK¥maller. In the study of nonferrous metal mines, it was 54 
f;'ffoundry industry, 5b percen 

‘and in the open hearth steel industry, 

percents found bet on s e twet'an ages 20 and 34 years. When compared to Number of 
es studied by the Public Health Service, the age e 

23 

:net:l”;il;:;fl(leill) but f:if:fiWOrkers examined in Utah nonferrous 
. ; 51), iffers, as shown in table 9, from that of 

wmke'rs in foundry (52), chromate (53), and open hearth steel 

(54) industries. ’ p arth s 
243 
153 

51 

24 

Distribution by years employed in dia tomi 

j 1 EERES———— 

e propor 

—
 

50 years 
or over 

9.0 

12.0 
32.3 
342 
32.6 

Percent of workers 
Numberof| __ - 

workers 
examined | Under 30 30-49 

years years 

785 42.9 48. 1 
kv 34.7 53.3 

1,937 2t.8 45.9 
897 14.5 513 
350 15. 4 52.0 

at the diatomite industry had the 
der 30 years of age and smallest 

f age. The proportions of 
y close for all 5 

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

tion of workers with less 
he other industries studied was 

in 1953-54 

Percent of ‘ Y ears employed Number of 
workers workers 

10 

2 

t; chromate industry, 59 
35 percent. 

te industry of 785 workers examined 

Pereent of 
workers 

24 

2.8 

W. Clark Cooper and Lewis J. Cralley, Pneumoconiosis in Diatomite Mining and Processing (1958)
ACL Doc 11989 · Page 41 of 57

Published by AsbestosClaims.Law

asbestosclaims.law/library/11989/41

https://asbestosclaims.law/library/11989/41


Moedcal Studues 
. ‘)() ‘ neumocontosts in Dla‘o"ll‘( 1””!"1‘.’ a"d‘ rocess e l"g I 

Occupation 
loading equipment, 

¥: . For purpose of analysi - - . . 
urpos ysis, occupations we . ‘ b %a classification systems, packing and 

:‘fltegones. quarry, mill, and office and main:e classified into threg M dintenance and plant housekeeping. It was in the mill that 
ion of the 785 workers into these 3 enance. The classific. el exposures oceurred to calcined and flux-calcined diatomite 

categories, as of the time of ! B < i oining appreciable amounts of cristobalite. 
X up, which totaled 370 employees, 

th - . e 1953-54 study, is shown in table 11. 
2 epbre 

Yfiice and main enance gro 
'f those with executive, administrative, or clerical duties, 

o those engaged in a variety of nonmill maintenance, labora- 
TanLe 11, Occupati . . I . . . 

pational distribution of 785 diatomite workers as of 1953 54 o In all of these, dust exposures 
Occupation . _ e . i 

Number of Occupation .:\'nmh., 4 . $ a housekeeping assignments. 
Quarry. ... - workers” % "_'fegarded as defipitely less tmmthe quarry or mill. 

Truck driver o Office and maintenance. . _ r,?? use of the s?mall size of some dét and the proximity 
Tunnel and train worker 33 || OfMce: e iy sus operations, few assignments COl.lld be regarded as dust 
g:::::ico:;; :.lplt'mtop IR :f A:mmssmuw and executive of- - B xclusive of cross exposures to various dusts. No attempts 
Forenmn and spervisor. ol vt w : e to calculate weighted dust exposures, due to frequent 
(l;::::‘i:l;:::r:nor ; f{"izxwrinp nlupurt.n-'l#nt work.-r :“ N N “":'ln WOl'k assignments, a8 well as to lack of qua]itative 
Laborer O ol oS (Rarsgemun, driscr, A M fuantitative information on past dust conditions. 
Miner and driller. aintenance: i 
Miscelloneous. ................... .. 2 Maintainer R e | Pulmonary Findings 

Ml - f:‘l‘i'.‘ifig.;;“ L o ! ! ; . 
""""""""""""""""""" an Flomienn T " Dbjective data referable to the lungs were obtained from chest 

{:::‘;: ------------------------------ o g;ech*\nic. O : : Nte p’dgrams, physical examinations, pulmonary ventilatory 
e e 36 M:s‘:a:;;fi:;xfmnucusm{{s brivt 13 0y ntradermal tests, and bacteriologic studies in selected cases. 
{;}:"3‘:&*:; :':‘l;;fintvndmp o g‘; m«;r erector, guard, mm'.m:::;';; wf~~( Honal evidence was derived from occupational histories, 
babowr ) JF1008 tlinesses, and present symptoms &3 given by the workers. 
Millman . Ce ! L 
f,'::f;‘:“:n‘;"fi)‘;::f""f DU :; Total . .o T l;i(;n of Roentgenographic Abnormalties 
Miscllncons (baghouseman, dryer- " " i M t films were initially inspected by the physician members 

kndernfx,”;:;k,:,‘:,‘“"'“:.;rk{f:“‘;z: ; K. ","\js leld team for quality control and for detection of abnormali- 
others) ... M 2 ) pquiring the immediate notification of an employee’s private 

ah Han. The films were subsequently filed for later interpreta- 
1";}'!- g panel of three radiologists.! 

study of chest films in a 
U S ——— m and Anderson (7), from their 

$¥e number of diatomite-exposed individuals, concluded that 
Hiest recognizable changes were simple linear exaggerations 

s finer bronchovascular pattern, which they designated as P 
i'here was evidence of definite linear thickening, extending 

: to'the periphery of the lung fields, but without nodulation, 
ffi f‘lpa_ted as P,. A third linear stage, described by them as Ps, 

EWarged on first-stage nodulation, but with poorly defined nodules 
L l@om as discrete or well defined as in quartz silicosis.” The 
. :;'1 described as associ i the coarser linear changes, a 

uarr engage(;yinw:lfteri “Um‘bered 104 and represented all who were 
moval of overbu(i-dirrylmg of crude diatomite, including the re- 
bed, loading the crude diatomi the underlying crude diatomite 
the mills. Most of (t!;‘lu e diatomite into trucks and hauling it to 
tion of ;iirt e e quarry workers were employed in the opera- 

mental studies r'ntova‘l and transport equipment. From environ- 
workers were ,a; may be concluded that the exposures of these 
with little m(.)St eX(:.IUSlvely to crude amorphous diatomite 

Mill operations alite content. 
crude di:to::lilt(;nsanl:lc tuhded the. purification and treatment of the 
ucts. The 311 n;ill e packing and shipping of finished prod- 
ing and tendin employees examined were engaged in operat- 
calcining kil & crUSh".]g and screening equipment, driers and 

g kilns, pneumatic transporting systems, prod’uct purifica- ¥ 

Californis State 
geles County 

School of 

iologist, Division of Special 
- R Dr. Waldo R. Oechsli, roentgenologist, Tuberculosis Control, 
Ve riment of Public Health; Dr. George teon, chief of radiology. los An 

] Hospital, and professor of radiology. 
dlsins, Los Angeles, Calif.; and Dr. Armand E. 

. pB ces, U. S. Public Health Service, comprised the panel that interpre 
* -ul. n this study. Subsequently, Dr. Bernard Kordan succeeded 1t Brodeur as the 

Jacol 

LEbgnlth Bervice roentgenologist on the panel. 

T 
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Medical Studies 
¥ 68 Pneumoconiosis in Diatomite Mining and Processing -} 

“cross-hatching, reticulation, or fine mottling” which Simulutn 
a ground-glass appearance but which was actually of a “lucylike 
character.” On rare occasions was noted a nodular fibrasis, but 3 
with fuzzy ill-defined borders. More advanced stages werg o 
characterized by the development of massive opacities which {n 3 
serial observations were usually preceded by diffuse, fuzzy, 
localized mottling. Changes consistent with compensatory em. 3 
physema, emphysematous bullae, and gross distortion of the ¥ 
pulmonary structures accompanied later stages. S 

In the current study, the panel of radiologists, after reviewing : 
serial films in proved cases of diatomite pneumoconiosis, observing'y 
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, A 

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 7 
often impossible and that the changes were usually coexistent. In 
the final classification, therefore, linear and nodular manifesta- 
tions were combined into one category, namely, linear-nodular "? 
changes. E . 

In final form, the classification of films was in accordance with 3 
{he following scheme: 3 

interpreted as consistent with advanced 
gure 29. Chest film Classified LN:C:. See 

e pneumocam'osis with coalescence. 
Case 1, p. 78. 

rved in this series, nodules were small and 
those characteristic of quartz 

?dF{n-‘ In serial films, progression‘ appeared to' be a:i(())x:clz:::l;d- 
MR¥S often by an apparent increase in the profusnollhon oneentrs: 
Hyi f these linear or minute nodular changes, a.th c):mfluent 

BPERES Tn the apparent size of nodules. In all cases ;\./l : confluen’ 
es there was an underlyi.ng. pzllttern of linear- 

IRE¥ e but this was sometimes minimal. o 

fgf{};‘h as a group the films presented some O(t%lstln‘:fl::l\ofi 
i&e’ristics, the basic resemblance to other' forrtnsC ertsi" Pl 

k iosis, both simple and complicated, was am?arensés e .p e 
ré‘indistinguishable from some films seen in ca 
rlosis in granite workers and coal wor 

BFour examples of films classi 
’ C,) are shown in figures 

Bly linear-nodular changes have no 
filty in satisfactory reprodwetion..... 

B all the films obse 
AYe never so dense or discrete as 

LN,—Slightly increased linear or linear-noedular 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 
equivalent to one lung field or less, in one or both lungs. 

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

C.—Shadows suspicious of confluent 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 the hili, 
heart, trachea, and diaphragm. ; 

kers. 
ving coalescent changes 

ples of films showing 
een illustrated because of 
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Mdieal Stodies 
70 Preumoconiosis in Diatomue Muing wnd Processing 

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

‘igure 31. Chest film interpreted as cufuisle-nl wifh 
advanced coalescent pneumocnnionu, with dis- 
tortion of intrathoracic structures arfd basal en; 
physema. Classified LN2Cy. See Case 3, p. 79. 

Film Interpretations 
| ‘ 

i afe:gories (LN, and C)). Nevertheless 518 (60 percenh) (l))f 
43(3"' films in the series were interpreted as r.mrmal by a' ((l)e(; 
.:’}’g at all sessions. Another 69 were unanimously rle?gt;arwas 

éfinitely abnormal, although the degree of abno(xi'fr(;a :] 0yt vas 
ously interpreted. Films from 231' employees di L 

Rdnimously into any category of negative, doubtful, or po , 
t was these cases which led to most of the conferences of 

Films were read independently by the 3 radiologists on 2 
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 
problem cases, were given special review. Where there was dis- 
agreement in independent interpretations, conferences were held 
at the end of the session and a consensus was reached. In neither 
the initial interpretations nor in conferences was information on @ R idiologists, leading to the final interE)‘retatlons,’used‘.‘dollbtful 
work history available prior to reaching a decision. In certain g L 4‘..1‘ following discussions the term doubtfu'l or roor 
doubtful cases past films were used for comparison with the study s AP géfice of pneumoconiosis” refers 1o film§ fal!mg in ca egt n); 
films. Correlation of initial readings (prior to knowledge even F. :.f'kf ; “Positive” or “definite” roentgenographic evidence consiste 
of the existence of a file of previous films) with final readings, 
and with occupational histories, provided evidence for the objec- 
tivity of the interpr. . 

Analysis of the several readings showed the usual intraobserver 
and interobserver variations, particularly apparent in the doubt- 

g ‘\‘;': Ath pneumoconiosis implies categories LN* and LN, alone 2 is” 
pocds . , “Simple pneumoconiosts gombination with Ci, Ca ite evidence of con- 

jplies linear-nodular chan defini © ¢ doubtful con- 
ént lesions, namely, LN. pr LN, alone, Or_wft!: o Auent 
.r,t shadows (Cy). “Conffuent pneumoconlosis or ‘“‘conflu 

MaBtae” is limited to categories Ce, C.. or Cs. 
hges s . 

g% 

? Ninety-nine ilmy from plants studied in 1954 were r¢ at onlv one session ush » the fiaal 
clussification. 
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. - 
0 

.lm 

Comparison of result 

By "" 

Dccupational histories 
WBd exposures in dusty 
Bt in the diatomite in 

& fhe effect of t Figure 32. C i . Chest film interpreted as consistent with adrvanced 
pneumoconiosis, with coalescent densities i fields. Classified LN:C.. Se: C:::'f;‘e; ";fob oth upper lung 

Although the . ! roentgenogram provides the best objective he excluded workers 
eviden i i . 

: ' zed that diagnosis ’ ) 
inter i . cannot depend 
as cofl;?;:ta tl(;n a‘lone‘ Changes described in the filmspare czr[::i!(llefih: 

ent with, but not diagnostic of, pneumoconiosis meere 8 

Films Inte ‘ r 
Iz} 

preted as Abnormal ellaneous exposures. 
) 

W 
Yoral dust exposure in 8 21 

In the final classificati ! cation, 713, or 82 were i » 113, percent, of the 869 linearl.:t:(;:;e:edhas normal; 78, or 9 percent, as showing doulijtl?:j 
linear-nodular (CL;ngeS (LN.); 29, or 3 percent, as definitely 
nodular plus doubtzft‘:lr f«)lfl;l) ; 11' (():32 pereent, as definitely linear 
howi - uen ); and 32, or e 

showin . 1)y , or 4 percent, as 
Shadowi ?gfimée %flOdular changes plus definit: {:0:);11!0?1: 
or 9 percentfl w.h WM. Thus of the entire group of films, 78 
percent, as }’lav?rl;:' l('il tgr’?: eted as doubtful, and another 78, or 9 

. ’ efinite ro -aphi A 
wl‘;h a diagnosis of Pneumocon?:;iemgmphm changes consistent 

8 1 . . . o 

were ]I;?knitne; ::'-SZdrher, histories and physical examinations 
employees. Exclusion of these individuals 

81 yesar of pilot plant work, with 

3 . ‘7‘5, § years of heavy cotton dust 
ustry. 
. & years’ hard rock mining. 

, 6 years’ hard rock mining. 

. 10. 15 vears as ore crusher and m 
‘% 41. 3 years’ graiu dust expusure. 

e Phe & exclusions in categories LN 
l, 21 years as soft conl miner, 

B & yesrs ss hard rock miner. 
S 15 years as hard rock miner. 
(.4 years us asbento worker 

[he 2 exclusions in categories C,. 
BBard rock miner 1 year. 

rd rock miner 1% years. 

Medical Studies 

Manalysis did not significantly a 
g in the various groups, as s 

dustry. The last column in 
» he exclusion of al 

Borted prior employment 
fUer 1 year, or to other dusts 

Bith film interpretations as follow 
BN, or LN;; and 2 as C., Cs, or C, (co 

¢ 30 individusls with normal ches 
s dust exposures included i1 individu 

4 as cosl miners, 4 who had been expose 

11 exclusions in doubtful category (LN,) were: 
.year-old em 

yoars in s brass foundry in an emp 

g»gfl years of grain dust exposure. 

'Y, 10 years as rock mason’s helper an 

73 

Iter the percentages of posi- 
hown in table 12. 

s of interpretations of chest films of workers in the 
diatemite industry, tuken during 1953 54, by study group 

Study group 

H : Workers with history of 
ftm interpretation Al workers instudy Workers w m- no dust exposuic prior 

plete oxs fon to entering distomite 

* industry (see text) 
1 e e [ [ 
», Number | Percent Numbfl“ Percent | Number Percent 

................... 713 82.0 642 81.8 612 83.0 

je: - eaftle LNy~ LNs. oo oee 2 3.3 28 3.6 24 3.2 
i gh NG . 17 2.0 16 20 16 2.1 
igptiuent C1, €1, €y 32 3.7 38 p-3 38 

. 869 100.0 785 100.0 738 100.0 
PR 

were reviewed to identify workers who 
environments previous to their employ- 

table 12 shows 

{ individuals examined who re- 
involving exposure to gilica dust for 

for over 2 years. 
led 47 (785 minus 738, see table 12) 

s: 30, normal; 11, LN,; 4 as 
nfluent lesions).? Although 

tota 

because of 
4 who had 
and 8 with 

t films who were excluded from analyais 
als with hard rock mining experience, 
d to perlite, 8 former foundry workers, 

months in dintomite industry. 
ployee with only 3 

hs in diatomite industry. 
loyee with only 8 mont 

s variety of exposures. 

exposure in an employee with only 6 months in diatomite 

4 2 years 83 molder’s helper. 

st 
9. 15 years’ hard rock mining and surveyl 

3 ule dri ine. 
, and LN, were: 

Cy and C, weve: 
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4 Pneumoconiosis in Diatomite Mining and Pro. ossing Medical Studic 
= 

the abnormal films in individuals with prior exposures were not 3 R ———— 7Y PE OF EXPO S‘U_TE/_’/’T h teristic of t th i0si ¢ Mill only | Office or | Mixed- I\ .Mi’ed—-“ characteristic of quartz or other pneumoconiosis, they have beep : maintenance | withmill with no mi 

excluded from analyses where their inclusion might lead tg only 1 exposure exposure 
erroneous conclusions. I ] 

| 
i 

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 : 
251 employees in the industry for 5 years or more, who had no 
prior exposure to other dust, 64 or 26 percent had chest films 
consistent with a definite diagnosis of pneumoconiosis (that {s, 3 
greater than LN,); of 109 employed 10 years or more, 45 or 42 '3 
percent had such films; of 63 employed 15 years or more, 29 or 4¢ -3 
percent had such films. o 

l N 

Doubtful 

1 

| 
| 
| 
] 
| 
| 

Interprptotion | 
‘ { 

\ 
| 
| 

] 1 
Definite ] 

TanLe 13, [nterpretations 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 expusures ’ 
excluded 

Chest film interpretation 

Definite 
Duration of employment Workers 

(years) examined Normat Doubtful - [4] LN; Simple l Contluent 
LN~ LN} LN4Cy l 2, Uy, Cy 

Nusnber of workers 
- et e i pavern | 

Lessthant . ... .. . 21 253 7 1 0 ] Under Over Exposure In N 'e 
;; U 'fig ';z(l’; 22 “1) : : 5 5 Un;ler O\ger on 

1014 ... .o 46§ 21 9 7 -1 4 
1Sorover... .. a3 7 12 5 f 1" 

e e e At POSURE Toal .. . .. 738 #i2 58 2 16 ) - YEARS OF EX 
JU. N — = . . and duration 

Porcent of workers - 33. Chest film interpretations classified according to lype, 
— - - e 5 of exposure. See table 14. 

B 

Lessthaut... ... . .. ... 100.0 .9 2.7 01 0 8 3 . . 3 is resented the poet e e 100 0 98 40 04 04! n4 ‘type of activity. In table 14 dnd-figll!‘: 3‘;t;1e p738 workers 
59 - : 100.0 [ b o 28 . firibution of chest film interpretations jor _ ¢ 
1014 ... o 100 0 5.6 W 152! 10.9 ] %7 o ith prior exposures to other dusts 
10rover . 1 o M9 w1 7.9 y5! m8 amined, those workers wi dp S that mearly all definitely ab- 

JUUNER SIS D —— VUV U - " : Vi en a H Total . .. .. . .. 100.0 ¥2.9 X 3.3 321 K hhving been excluded. It 1s evic 

As stated earlier, the work assignments of each worker were . .- " fistobalite. Forty-eight out of ?01 em%floyf?zng;;mphic changes 
classified as quarry, mill, or office and maintenance. Each in- <3 S fcluded 5 or more years in the mill had roentg re): 21 of 
dividual's total emplovment in the diatomite industry was d»e- 
scribed in terms of the approximate number of years spent 1n 

BN Bfinitely consistent with pneumoconiosis (LN. or mo 
»'had definite confluent lesions. 
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76 Pneumoconiosis in Diatomite Mining and Processing 

Tanie 14 Inerpretations of chest films of 738 diatomite workers examined iy [y by type and duration of exposure, workers with history of other dust exposu res exclude) 
e 

Chest film interpretation 

Defimge Duration of exposure | Work- R nt Type of exposure (years) ers ex- e Ty T amined!Normal l)(;::lhl» Simple Contlyeng 

LN, [ 7T T T s —— . 

Ll{qb},— LN+C, CrCuly 
— . — 

Number of workers 
—_— —— 

Oflice or maintenance [ Under 5. e 98 94 3 0 1] 'y only. & or more. . . 48 42 5 1 0 0 Quarry only Unders ... . | 4 L4 1 1 ] [] $ or more - 25 (7 15 10 0 0 0 Mill only Under5 . . 243 273 9 "1 0 ] 5or more | . . 56 24 9 10 b ] Mixed - with min Under 5 in mill 130 106 9 4 4 1 2 Sor wmore in mill. . 45 n 9 6 6 13 Mixed—no mill. .. _.{ None in mill - . 10 6 3 1 0 0 
Total 

738 612 58 24 16 - I 
_— —_— 

Percent of workers 

I ! r Office or maintenance & Under 5 1000 950 a0 0 10 0 only. 5or more. .. 100.0 87.5 10. 4 2.1 [} [} Quarry only Under 5 100.0 95. 4 23 23 0 0 Sormore ... . 100.0 60.0 40.0 0 0 0 Mill only Under 5 100. 0 96. 4 3.2 4 0 1] 5 or more 100.0 42.9 16.0 17.9 8.9 H3 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] ] 
- -] —_— i - e Total 100.0 82.9 7.8 31 2.2 38 

1 A 0-year-old man, cployed only 11§ years with no known previous exposute. Because of shor and nondusty exposure, almost certainly not distoniite pneumoconiosis, ? This eiployee worked 9 years in laboratory. 
? Unexplained changes in an crployee exposed for only & months and not regarded as due 1o diatomite pneunoconiosis. 

¢ This employee had g history and physical signs consistent with rheamatic heart disease. 

Despite the division of exposures at “he 5-year point, it should not be assumed that 5 years is in ty 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 

foi !"rlflny more than 5 
53-84 

71 Medical Studies 

years and whose films were unanimously 
23 s normal. o ex- . ‘erprlft:g iqhoqe employment was confined to thc] %uzfjrywork 

' 'wo:-i eractically no abnormal films, although It)'m\oofgdoubtful 
pilbited prac associated with a high proportior it i the quarries \;\/as (LN,). This evidence is in agreement wi l 
Et{near- lar changes 1. 2T d Smar B o [;?:ruobservations by Vigliani and Mo'ttu'ra'(5),l:trilvely ow 
':lezl:ierson (7), that risk of pneumoconigus lds rfiiatomite as 

-k ; sure is confined to crude ot f9n “ workers whose expo i terial. It is unwarranted, mpared to those exposed to calcined mé; o mocuous since it i 

& ever. to regard the natural materia contribute to 
ow;v wn to what extent quarry exposures n;ay cater biologic 
e :l(:nonary reactions resulting from dUStskocoircentrationS to ‘ c:i\?ity. Moreover, the average and thgdp?: the past were not 
s arry workers were €Xpos! ‘0 the mill gric a?ilfy %l;' th)e, same order of magnitude as those In 

Wénvironment. 

' raphic Changes and Age . . . 

5 nfg:::je p15 the chest film interpretations of t:?th(il:;(})‘mtlhe 
‘!;(ers are classified according to age of w:i)rke:i.on O sure 

distribution reflects in large measurt;: the uzzhic e e 
e i 5 enogri , o & gesociated with varlousldegrees I(:]sz:e;f ngSitive hic Chane®, age 

' 3 e nu hf interest to note the larg 
'roups 35 to 44 years and 45 to 54 years. 

j ite "Ch'est Films of Workers Exposed to FreShgg:v alzrrl::;O:n whom chest B s wore made, prosessed datomite of fresh pefiims anq gxén::;]naother 3 plants with 696 workers hand fh i 
. ‘ater orlgl('l‘.' to:lite Because it has been suggeSted thz:lt taewere 

“ alt wa;efiialtimite may differ in their biologic EHECt’esthlishe d 
.ypes . determine if any such difference coul('i e S lants 
g2 ed b0 ek s employed in fresh water diatomite l')]witlr; 

e mong ‘f;or if}rx doubtful linear-nodular (LN:) changlgs, lus C, here were 6 w (4 with LN, or LNy, 2 with LN. or LNy D ers .efimte ?h}?zg?isnite confluent lesions). In all these cas}jes,ewfigrures 
: gv';(tlhlpv::zt/iouz dust exposures had been eXCl:cdoex?i'os'Ii‘s e:\ay occur 

lndicate that changes conSiStWTt\gl:i“te' Only 46 workers 
g workers ex;.)osedd.tot(f:;‘eii: plants had been employed f‘:" °V‘l’r 

n the fresh water dia Despite the fact that only 
nly 15 for over 10 3{ears. e roum, 

h};e:;:é a;:vni;lhodo}i’nite confluent lesions appeared among 
: i activity of erence in reactivit B% conclusions are warranted as to a diff 

Blatomite based on its source of origin. 
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neu 2 £ b 

z 4 [¢ 3 D e I 
8 l“ ‘nmmocontosis in tatoniite " minc f!f!d j Fo (’\'siflg 

Tanre IS, Tmee . tterpretations 4,_[ """S'fil'ms flf “ 
. 

738 di ; 

by age, 1workers with tatomite workers examined i, d £ 
histor v of other dust exposures excluded 

- — Chest film interpretation 

Age (years) Workers T e o 
examined Dout Definu, - 

Normal O (;:ll' rtiul T T 
t Simple ol 

e o B enfinent 

LN;— a C-— 
N S 3—-LN; LN+, | Co e 

b A AR T 

N o Numiber of workers o — 

Under 25 T e 
e T 166 161 2 R 
3544 : 2% 250 e 2 s 
45-54 173 133 1 4 2 1 
55 or o\er 8 P i ] . 

30 2 & 8 ' 
13 3 

. T —— - & 1 
Total .. e ! 3 

738 12 wl T _ ! 
: 24 C- 

16 

——— m 
o Pereent of workers T -~ 

Under 25 - —— 
25-34 100.0 07 0 L2 o - 
f-‘;“ ,,,,,,,, :x—g 915 5.0 :f ¢ an 
55 o 100.0 g 75 6.4 I 4 

or ove . o 3 : 
over . ... 5.5 2.2 i8 8 

100. 0 a1 %0 7.0 35 n 

Total ey PR — 3.3 10.1 oy 
10 0 29 — - e i 

—_ | V8 ‘ 1.3 [ T 
_— == u 

Case Histories 

Four films, reproduced ferred to in i i as figures 29-32, wer i e (::,e Td(l)sci:;s(lon of the classification of rgesige;:l?il}r ;;e' 
the elinical value ot tt; the films more meaningful and i;glc‘:*p' TC 
histories associated wi ° otudy, & résumé is given of th erlbe Casp 1ot ew:th the f?lms. ¢ case 
and employed in th); ;lf‘-(t)ld .wh'lte married male, born in Tex: 

as a packer, 115 yearsl-at;)lmlte meustry for 12 years. First welf:fii 4 years, Operat-ed qua,r en as. transporter of crude diatomite f 

classified as 10 years i Y ’eqmpment for 6 years. Work hist ry 20 cigarettes per da nl?‘lfd”y and 2 years in mill. Smokes ';bm)ti 
plaints at time of S{A.rve;bt(::g;:f' ptneumonia n 1250 ()nl}"cc::- moderate o mtermittent palpitati 

about as goeotie;t;oorr;x:e dyspnea, although he i{e;]tpl}‘{}‘?son\:;:g Of findings essontially n;rs;dt;ntary individuals of his age.” P}wqic'!j 
over right upper. lobe a ext.:ept for diminished breath s‘t‘::;itlt‘lq 
Sedimentation rate, 11; gg:::::.l?t’, 5 poreen inspiratnry‘ rales:. syphilis, negative; hemoglobin, ;‘;.:845;:‘::9;;;02?1(3}5]6’tie-%‘gl fO: ; ite bloot 

953 5‘“‘ 

Medical Studies v 

ifferential count. Urinalysis normal. 
001 mg. PPD and 0.005 mg. PPD), 

negative. Maximal breathing 
or 111 percent, of predicted 148; 

4.33 liters, or 92 percent, of total 

* vital capacity of Chest film, figure 29, interpreted as 
consistent with a gis with coalescence. Classi- 

R ed LN,C,. Followup terprjted as showing no 
Pprogression. 
';‘;‘CASE 9_A 46-yea 

- p.nd employed in the 

fell count, 9,000, with normal d 
B1in tests with tuberculin (0.0 

Vistoplasmin and coccidioidin, 
apacity, 164 liters per minute, 

8-sec0nd timed vital capacity, 

- 

4.7 liters. 
dvanced pneumoconio 

films at 2 years in 

le, born in Colorado 
r-old married white ma 

26 years, with work 
diatomite industry for 

B history classified as being approximately 13 years quarry and 
318 years mill. Relatively nondusty work for 9 years. History of 

SR prieumonia in 1941. Febrile disease in 1949 for 4 months at 
= %hich time he was told his “lungs were bad but negative for 
EXtuberculosis.” Hemoptysis twice 1950. Symptoms at time of survey 

Rincluded palpitation, mild exertional dyspnea for 6 to 8 years, 
Proccasional chest pain. No abnormal physical findings except for 

a few coarse inspiratory rales in apices and below clavicles 
» rate, 26; hematocrit, 44 percent ; hemo- 

B globin, 14.4 grams percent; serologic test for syphilis, negative; 
&% white blood cell count, 8,800 with 64 percent polymorphonuclear 

neutrophils, 21 percent lymphocytes, 7 percent monocytes, b per- 
‘cent eosinophils, and 3 percent basophils. Urinalysis normal. 

% Maximal breathing capacity, 99 liters per minute, or 76 percent, 
"of predicted 130; 3-second timed vital capacity, 2.98, or 81 per- 

cent, of total vital capacity. Tuberculin test with 0.0001 mg. PPD, 
" negative, with 0.005 mg. PPD positive; coccidioidin and his- 
itoplasmin tests, negative. Bacteriologic studies negative for 
" tubercle bacilli. Chest film, figure 30, interpreted as consistent 

with advanced pneumoconiosis with coalescence bilaterally. Classi- 
- fied LN,C.. Followup film 2 years later interpreted as showing no 

_ progression. 
CASE 3.—A 32-year-old married white 

was first employed in the diatomite industry 12 years before the 
. survey, with no previous dusty employment. He had mixed ex- 

posures, with 1 year handling calcined products, 6!% years in the 
. laboratory, and 5 years in the mill. He was a nonsmoker. Past 

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

* breath and no other respiratory symptoms except slight pain in 
left lower chest on deep inspiration. Physical examination was 

i described as normal except for “double inspiratory breath sounds” 
geiover left lower lobe posteriorly. Laboratory studies included 

Rl 

N 

b 

K anteriorly. Sedimentation 

male, born in Wisconsin, 
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80 Pneumoconiosis in Diatomite Minin. and Processing 

gsedimentation 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), coccid- 
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. 

“ Medical Studies 
R 

i i i in, and 
ons to intradermal tests with tuberculin, histoplusmin, 

s o 1o 741 diatomite workers examined 
. . 

o 

. coccidioidin in relation to interpretations of chest films of 
. in 1953-54 B — 

. ) o Tuberculin Histoplusmin Coccidloidin B 
T ‘_ ' L , k . o D, 

+ + - 

B Chest film interpre tation “‘:br“‘%r + +m4(-"(;r + tntrc;r + 4o 

- T Number of workers tested with positive reactions 
\ ’ \ 3 3% 

10 603 78 uz 7(; ":i ] s 
- Normal O - oo ooc T s | 

3 » Doubtful LN1..oooommeonioo 66 ! l 

X pefinite: 
. , \ 

B pte LNa—LNa oo ® d 4 s 2 1 : 

& . Simple LN+Cyooooemoo- ] J ! 2 | 
30 6 

IS I 

3 Confluent Cs, C3, Cooo--- 
- . 

T4 101 151 87 125 

Percent of workers tested with positive reactions 

603 12.9 191 1n 6 17.1 g(: .';fi 
. o T cod - B I B 

‘ ;!D):nnue: 19.2 26.9 19.2 7.7 7.‘; l:; : 
% P LN’.(PN‘ --------- 18.8 25.0 25.0 ll?’; g : 23 

Rl e L G Cu wh| B el wma| o) o 

il | 13.6 —Mmo 11.7 16.9 6.2 6.1 
s to histoplasmin and coccidioidin 

Most of the positive reaction s where sensitivity 
: could be explained by previomtls ;esnd::::‘;r:‘tarea 
1.5 izens is known to be P . N . 

X to.:};::zuagr;lhgfere was a higher proportif)n of posntlv‘ectfil;etr%l;lr:]r; 
reactions (++ or more) in workers w1th. abnorma e 

“"" (23.3 to 273 percent) when compared v‘nth. those “(,i) o 
i filrr;s (19.1 percent), this is of doubtful significance P ;or;-ected 
i 0.10). Even this difference disappears when the senesl e 

3 "Afigvxf(‘)r a-ge. Two-thirds of the normal films were of emg o.);:e el 
; f:;f-'36 years of age, of whom 16.1 pe.rcent showed (tI;al ni e :)p itive 
’ 4- tuberculin reactions, while one-third .was fr?gl :eaitions, g 

B5 and et o pe;cegt :chc(:;::'Zg ;)::I:J:serantly in those 
& ! ggr;]:z:rghziqé ().f?ntih‘:)\(:(te:".c rW;:.:n'age corrections are apph::d;ct}el: 

number of positive tuberculin refions (++3:;);; r:g;ega:e(;) ey 
in the 138 workers with abnor #¥y 33. 
the 36 that actually occurred. ¢ the 

t;t is of great interest to note that only 23.3 percent o 
. 't' ve 

3 workers with definite confluent lesions (Ca Cs, Cy) had positiv 
470119 0—58—-1 
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82 Pneumoconiosis in Diatomite Minir: - and Processing 

(++ 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 gastriec 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 s physician from the Bureau of Adult 
Health of the California State Department of Public Health. Hacterivlogic procedures were 
performed by the Division of Laboratories of the same heaith department. 

g e Medical Studies 83 
- L e ~ 

Y dustry include 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 

i yllcd Signs and Chest Film Interpretations 

E Physical examination of the chest, as carried out in the survey, 
vis not of consistent value in the detection of the pulmonary ab- 

5 Mormalities revealed by the roentgenogram. Even in individuals 
Ry/ith definite corifluent lesions, 57 percent were reported as ex- 

thi lflng no abnormal physical findings. In those with definite 
oo hr—nodular changes but without confluent shadows, 72 percent 

woedl e reported as normal by physical examination. The signs 
ERIhost frequently reported were altered breath sounds (diminished, 

“4,; : ch!al or bronchovesicular breath sounds dependent upon types 
b ion) and occasional inspiratory rales and expiratory wheezes. 
A nly one individual was found with severely clubbed fingers, 
H. ' from his history this was apparently congenital. Five indi- 

. Lo( ualn. and this included the subject with most severely impaired 
B Ay monary function, had slight clubbing of the fingers. 

...... 

_'}".a-’ }_)'lut%ry’Symploms and Ventilatory Function 
wPhysical examination records of employees with definitely ab- 
rmal chest films and without history of previous exposure to 
lica or other dusts were reviewed with respect to symptoms refer- 

ble to the respiratory tract and the results of pulmonary ventila- 
'ry tests. Twenty-three cases with LN, and LN; lesions, 14 with 
oubtful confluent lesions (C,), and 28 with definite confluent 

AL slons (Ci, Cs, and C,) were regarded as appropriate cases for 
Atialysis. 
POf the 23 employees with definite linear-nodular changes but 

4, lth no suggestion of confluent changes, 13 had no respiratory 
mplalnts Four had only minor complaints, such as morning 

4 fiih and fleeting chest pains; 4 others had mild exertional 
R yflpnea, with or without palpitation, occasional cough, and mild 

_ ~'chest 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 (nyfjmaljgeathing capacities were 79 
percent, 77 percent, and 74 percent), and 1 had a 3-second timed 

&) ;l 8l capacity of 75 percent of total vital capacity. None of these 
¥botderline function test results was from those who had symp- 
M ; the employee with bullous emphysema was not included in 

: 3"”:'3 iolo ic tests. 
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8 Pneumoconiosis in Diatomite Mining and Processing 

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 ecomplained 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 5 
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 B7 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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whom there was severe emphysema and far-advanced impairment 
*of function. This confirms the caution necessary in appraising the 

i+ full clinical significance of pneumoconiosis from a sample of people 
act!vely at work. Equal cautmn is necessary in drawing conclu- 

"-ln active life despite roentgenographic evidence of extensive pneu- 
s moconioms 

p Obaervatlons at 2-year intervals were planned as part of the 
verall study. These followup observations consist of a review of 
hest films of workers with over 2 years of employment whether 
hey’are atill employed or have left the diatomite industry, and 

% llo periodic analyses of dust concentrations routinely submitted 
Y y the plants. Workers who have left the industry are traced by 
Eihe State health department which then arranges for the taking of 
l es'f films either during community surveys or through local 

Ith agencies. 
] e first of a series of the 2-year followup studies covered 1955— 

) and the results are presented here. A total of 375 chest films 
R D e been reviewed. These films were from 2 of the plants which 

10 ployed 685, or about 75 percent of all 'the workers examined in 
ha original 1953-54 study. The 375 films, moreover, represent 
practically all of the workers who were still employed. The follow- 
¥ p fllms were reviewed by the same radiologists who participated 

making the original interpretations. Each film was interpreted 
cording to the classification developed for this study. The film 
u then compared with the original study film and an opinion was 

» pached as to whether or not any change had occurred in the in- 
rvening 2-year period. Of the 375 films reviewed, 19 were re- 
}'dedasshowmg progressiqn, as summarized in table 17. Only 1 
.]84 cases formerly examined in the study and reported as nor- 

was now classified as definitely positive, and only 1 of 40 cases 
Y ormerly called doubtful was now interpreted as positive. The 
‘bang‘es observed in definitely positive cases are of less significance 
n appraxsmg current dust haz j8, sipce roentgenographic evi- 

dfince of progression may occur In well-developed pneumoconiosis 
he absence of continued dust exposures. Enough evidence is 

L *1 ivnilabie from the few individuals, who have terminated em- 
5ntiand have been traced, to state how often this may he 
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86 Preumoconiosis in Diatomite Mining and Processing 

These observations are encouraging but should not be considered 
final since they are based on only a 2-year followup period. 

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 

1953-54 study Number of workers with chest films showing progression in 
. 1955--56 

Definite 

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

LN;—LN;| LN+C C1,C3,Cy 

NormalO_ . .. .. ......... ... 284 4 3 1 0 
Doubtful LNy .. ............. 40 1 0 1 0 0 
Definite: 

Simple LNy—LNs . . _. 2 4 0 0 1 3 
Simple LN+Cy..... ..., 7 2 0 0 1 1 
Confluent C1,C3,Cq. ... . 22 8 0 0 0 8 

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

Summary and Conclusions 
Environmental Findings 

:,A review of past operating procedures, technologic development 
in ‘the industry, and available dust concentration data indicated 

g {hat dust exposures in the diatomite industry in the past were 
fii‘obably geveralfold greater than they were during the study of 

k. {hé Industry in 1953-54. 
The initial study of five processing plants in 1953-54 pro- 

vided baseline data on the concentrations, and chemical and 
Bohysical characteristics of the dusts encountered for subsequent 

bservations 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 
Retraces of cristobalite and tridymite. 

PR 2. The high-temperature, straight-calcined diatomite parent 
saterial had a cristobalite ~untent of about 15 percent for 

:t'_ln product and 21 percent for baghouse product; for flux- 
gl@lned parent material, the cristobalite content was about 49 

2 veent for main product and 61 percent for baghouse product. 
Only traces of cristobalite were found in the low-tamperature, 

fraight-calcined product. Tridymite was found in trace amounts 
nly in any of the diatomite products. 

4’{.\,‘ 8. The source of the crude diatomite, whether of salt or fresh 
.water origin, did not appear to influence the percent of cristo- 
balite found in the finished products or their airborne dust. 
BYx 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. 
“The size distribution of the dust favored maximum retention when 

nhaled. 
& 5. The airborne dust concentrations encountered were generally 

‘:ggcceuive for dusts with high crystalline silica content. 
*% Environmental followup studies made of the 5 plants approxi- 

35 ‘mately 1 year and 2 years after the initial study showed that 
ié; - marked improvement had been made in lowering the dust concen- 

%7 g_tratlons. However, some areas were still in need of additional dust 
Jeontrol measures. p v 

! The nature of the products, and operations in processing diato- 
§ gflte are such as to favor major dust dispersion. A continued and 
igirict adherence to a comprehensive dust control program is es- 

8] in maintaining dust concentrations at safe levels. 
81 
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88 Pneumoconiosis in Diatomite Mining and Processing 

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 

Summuary and Conclusions 49 

psponse to the amorphous diatomite was much milder and re- 
4 qulred relatively long periods of exposure. 
; 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 

~> {n only 2 cases previously called negative or doubtful. Fourteen 
. prevxously 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. T 

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 apd 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 intermitient 
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 

. fs Medical Program 

’ "?The present program of preplacement and periodic medical ex- 
aminations should be continued. This program should include chest 
roentgenograms, 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 

he working population. 
H 
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