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Introduction |

-

A paper entitled "Morbidity And Mortality Among Hard Rock Miners Exposed 7o

-An Asbestiform.Mineral” by J. Dean Gillam, M.A., John Dement, M.S., Richard A. Lemer

M.S., Joseph K. Waganer, S.D. Hyg., and Victor E. Archer, M.D., all of the Naticnal Inst

‘- tute for Occupational Safety and Health (NIOSH) was read to a conference entitled "Occupation
,Carclnogeneszs " sponsored by the New York Academy of Sciences in New York in March 1975
by J. Dcc.n Gillam, one of the authors.
| In June 1976, the New York Academy of Sciences published the papers given at
this conference in Volume 271 In its serles entitled "Annals of the New York Academy of

. Selences", which volume is entitled "Occupational Carcinogenesis". In this volume the text
a.ncl tables of the paper read by Gillam the year before were greatly changed; the title was re-
vised to 'Mortality Patterns Among Hard Rock Gold Miners Exposcd To An Asbestiform

Mineral", and an ad&itlonal author, Hector P. Blejer,waslisted. @

. (a) A oondensed version was read at the American Industrial ‘Hygiene Conference, in New Orle
La. on May 26, 1977 at the General Industrial Hygiene Non~Monitoring Pr ogmms scssion.

.




'ﬁﬂs ceritique is of the paper (hereinaflter referrcd to as "the NIOSH study ™)

a5 f_maﬁy published In the Occupational Carcinogenesis volume, although the NIOSH
authors should glso be criticized for the maﬁy substantiai changes made in the text,
tables and qonclusions during the 15 months between first presentation and final publi‘cation.

| The Homestake mine is an underground gold mine located in Lead, South bakota
in the northern Blaék Hills, The mine was discovered in 1876 and began operat.ion with a
smail surfalo;e working, questak? ‘Mining Company was incorporated in 1877. By the end
of 1878 the first underground leveis were being_épened. The min_e at the present time pro-

" duces about 6,600 tons of ore per apera;lng mine day. Ore ﬁroduction started on the surface
) - . . ' f s )
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at a.n elevation of about 5, 300 feet above sea level. Workings now extend down to the 8,000 £
level below surface or to about 2, 700 feet below sea level.

The gold ore occurs in & number of different ore bodles in what is called the Honie

stake formation. This was originally a sedimentary formation containing the iron-~magnesiur

>( carbonate mineral Sideroplesite] Regional metamorphism converted this in parts of the for=-

mation to the iron-magnesium silicate mineThe formation Is highly folde

and crossfolded. Gold ore in the formation has been associated with both the cummingtonite
and sidercplesite ._(2) Cummingtonite is an amphibole mineral. It is the low iron, high mag-
nesfum end of an isomorphous series of iron-magnesium silicates. If the iron sﬂieat_é con-

teat exceeds 70%_; the mineral Is éa'ile . .

 The NIOSH Study.

- —.  'The study was made of 446 Hom.estake._mlne ﬁnderground employ;:es who volugteer
for. the U.S.' Bureau of Mines - Public Heaith_ Service 1958-61 silicosis study. A total of 848
Homestake employcés vqlunteered to take physical examinations under the 1958-1961 silicosi
stu.dy‘.‘ {4 () ;Ihe USPHS did this work at.th'e Homeastake n_nii:e in Lead, South Dakota, ln-

April and May, 1960, The 440 cmployeés studied in the NIOSH study were selected from the

848. (1) The basts for selection i3 stated in the NIOSH study to have been as follows:



hSelected for study were all male caucasians who in 1960 had been
examined by the U. S, Public Health Service during a sllicosis sur-
vey of a hard rock gold mine In Lead, South Dakota, and on whom
. social',. demographlc and occupational data had been obtained in suf-
P _ficléhf detail to permit following of their health status. The study
., cobort was further restricted to those 440 individuals who in 1960 .
o ) 'h’ad"abhi'ev'ed at least 60 months of underground mining at that facility

.and Qﬁo had never mined undefground elsewhiere. * ()
. In connectlon with the 1958-61 silicosis study, the U.S. Bureau of Mines did

anextensive dust survey, tak.ing eight settled dust samples for free silica determination

and 592 mxdget lmpinger air samples ln t.he mine which were counted for dust.®) The )
NIOSH study reports: .- - o L

"These samples showed an airborne dust concentration of 1.7 x 106
particles per cubic foot in miners' breathing zones, whereas airborne
' and settled dust samples showed an average free silica content of 39%.
Given a 39% free silica content, the Occupational Safety and Health Ad-
ministration (OSHA) 8-hr. time-weighted average standard for occupa- _
~ tional ‘exposure to free silica would be approxirhately 5 x 106 particles/
- ft3 Thus, free silica exposures were well below the present applicable

- OSHA sta.ndard n (1)
In 1973, the U.S. Bureau of Mines performed another en'vironmental. survey of
the mine.('”. .’I‘he NIOSH study reports:

"With personal samplers, a total of seven working shifts were sampled
for respirable and total dust concentrations. X-ray diffraction analysis

© of the respirable dust showed an average freg silica content of 13.1%. "
All samples of mining personnel exposures showed average breathing -
zone dust concentrations below the OSHA standard for free silica. In

" addition to air samples, fnaterial samples of the ore were analyzed by .

scmining microscopy using energy-d@spcrslve x-ray techniques. Numerous
ﬁbr‘ous' particles were observed. Thelr ldentification was not determined,

however." (1)



In 19'{4 the Mining Enforcement and Safety Administration (MESA) did a more
"detailed ﬁber survey. ® The NiOSH study reports:

"During that study, approximately 200 personal membrane filter
samples were collected over full working shifts. Fiber concen-

. tratlons were determined with the NIOSH phase-contrasf optical
mleroscopic analytic method for asbestos fibers. The average fiber
concenl;ration was found to be 0.25 fibers greater than Sum in length/

cm3. the highest single concentration found was 2. 8 fibers/em3, 1 (1)

The results of the NIOSH mortality study of the 440 employees showed an excess
of deaths actually observed over those expected in the respiratory system catégory of
deaths.. (1) The NIOSH study states: /-4 - =~ -+ -

"This excess was not speclfic_to any response. Rather it showed up

.- . for both respiraiory malignancies (10 observed vs. 2.7 expected,
p<0. 01) and for respiratory nonmalignancies (8 observed vs. 3.2 ex-
‘pected, pd. 05), " ) |

The authors of the NIOSH study state that methods of engineering control at the
gold mine bave been quite good for many years, @) and then state (underlining ours):

* "These methéds would have been equally effeétive in controlling
. exposures to all dusts, including asbestos fibers, compounds of ar-
gsenic, and trace metals, Based on observations of present and past
use of engineering controls and their effectlvenqss, as demonstrated
by the Bureau of Mines 1960 and 1973 dust surveys, it may be adjudged

that past exposures to asbestos fibers were not significantly dilferent

from those found by the 1974 MESA survey. o (1)

With regard to t:he effects of ;smoking habits of the employe'es s'tuciied; thé NIOSH

* study states that cigaretté smoking could not :icé.oun.t per se for the observed inpréased res-

' plratory‘l'o‘hncer i'isk. among thes-e gold miners, and that cxpos-.q.r(-a to fibrous grunerité' (amosite
stands out as the vl;rlme eticlogical agent for'the incrcased respiratory cancer among the study

cohort. @)



The NIOSII study cbncludes:

YA study among a group .of miners exposed to amphibole fibcrs
{(amosite) in the cummintonite ~ gruncrite series, alrborne con-
centrations less than 2.0 fibers/cm®) a5 determined by the NIOSH
.,phasefcontrast counting technique, and fibers shorter than Sum in
length has demonstrated significant risks of mortality from both ma-
lignant and nonmalignant respiratory disease. Exposures to known
carcinogens in the mine, other than asbestos, did not e-xceedlnorma.ll
ambient residential levels for radon daughters or were adjudged to
_ be negligible for arsénic'.- chromlum and nickel. The observed ex-
cess of malignant respiratory disease can, therefore, be attributed
to asbestos, singly or in combination with cigarette sn;oke and that
of hmmallgna.nt respiratory q’isease can, therefore, be asoribed to
asbestos, with a possible additive role from low exposures to free

- gillca dust. "{1)

A Limited Amount of Basic Data Was Obtalned From USPHS

After Egcoming aware of the existence of the N iosﬁ atudy shortly before the
presentation by Gillam In Ney York in March 1975, various members of the Homestake
Mining Comppny staff have attempted to obtain information from the USPHé about_ the study.
' Much of the information réquested has beén denied ;o Homes'take, including a li_siing of the
names of the 440 emplo__yees included in the study. '

The fJSPHS did, bowever, furnish, under the provision of a federal district court
order, to Reservg Mining Company, and Reserve in turn furnished the Homestake Medical

Director with a copy of the following material related to the ten cases of "observed" respira-

tory cancer and the eight cases of observed' nonmalignant respiratory diseases:

1. Death certificates. '
.2, - 1960 silicosis study interview sheets, lnchidiﬁg smoking histories,

".-medical histories and occupational hislories as reported by the em-

ployces In 1960, pulmonary function tests and reports on chest x-rays. .
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3 Corrcspondence between USPUS and hospi:tals and doctors who

. tre.atcd the employees in their terminal fllnesscs.

ﬁe occupational history c;i one of the ten cases of ""observed" respiratory éa.nccr_
was missing from the papers deliver.ed to the Homestake Médical Diréctor. thus only 17"
USP-HS 1960 occupational histories were available for review, ‘

Apart from the above, :the USPHS furnished 'Homestake with a computer printout
_of the smoking histories of the 440 erﬁployees (without their namcs),- and an explanation of
'the coding used in the computer listing. |

The comments madeihex:ein:s:re based on the information furnished Homestake
Mining Company as listed gbo,ve, .pius information in Homestake Mining Company's own
'records. Qu' comments \':roilld Bﬂe moré'cgmplete and our task.considerably easier if all

the information requested had been furnished.

The incorrect assumption that past exposures to asbestos fibers were not significantly
different from those found by the 1974 MESA survey,

The authors have made the assumption that the exposure of the 440 workers during
the period when they worked in the mine is not significantly different from the exposurés found
by the 1974 MESA survey. This assumption Is totally unwarranted and is a gross error which

effectively invalidates the entire study.

. The NIOSH study does not mention the following statement In the conelusions of the

- 1974 MESA fiber survey report (underlining ours):

"The survey.data are inconsistent when coupled to current epidemiolorical
studies. One must recognize that the fiber dust sufvcy recorded conditions

as tbéy existed at the time of the survey and that these conditions do not

. necessarily represent the conditions that existed in the past. n(8)

Table 1 shows the year of first underground employment in the Homestake mine

-—f -



 and t-.hc total length of employment with Homestake Mining Coinpa.ny for the 18 cmployces
who were classified in the NIOSIH study as having died of respliratory system malignancles

or of respiratory system nonmalignant discase.

_ 1 TABLE 1
Analysis of 18 employees classified in NIOSH study as having died’
.of respiratory malignancies and nonmalignant respiratory disease
_ 'showing year of first employment urniderground in Homestake mine
and total length of employment thh Homestake Mining Company.

\ a0 ) " Calendar year began ,
7t -5 Employee " underground work in Total length of
%= ., pumber . Homestake mine - emplovment
T, L s e 38 yrs. 7 mos.
' .2, . . 1919 ' 30 yrs. T mos.
s. . 1922 37 yrs. 11 mos.
4. ) o 1924 ' 19 yrs. 5 mos.
5. - 1924 39 yrs. 4 mos.
T ) . 1925 - 39 yrs. 10 mos.
1. - 1925 " 36 yrs. 5 mos,
8. ' ' 1930 30 yrs. 4 mos,
9.. : 1935 _ 27 yrs.. 11 mos.
10. - . 1936 22 yrs. 11 mos,
11, 1936 - 31 yrs. 6 mos.
- 12, . . . 1947 ' 18 yrs. 1 mo.
. 18, . . Joa7 . 26 yrs. 1 mo.
14, . 1949 18 yrs. 1 mo.
"18. ' 1950 11 yrs. 5 mos. i
16. 1952 . 183 yrs. 10 mos.
LA 1952 17 yrs. 11 mos.
- 18, . 1952 20 yrs. 0 mos.

Over the 59 years beginning with 1916, when the first of these 18 men began
underground work, through 1974 when the MESA fiber survey was made, many major im- .
provements’ were made {n underground ventilation and in mining practices in the Hoinestake

gold mine which have had a very significant effect on the dust {and consequently on any fiber)

expos(xre of workers. The following Is a tabulation of the major changes made.

-
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In 1917 the flrst fans to mechanically ventilate the underground
workings were installed. These were two 35 horscpower fans and .

one 15 horsepower fan, located at two shafts and rated at a total

. volume of about 77, 000 cubic feet per minute at 4" water pressure,

but it is not known what the operating pressures were.

The early drilling in the Homestake mine was by dry hand drilling. .
In 1883 the first dry power drills were in service. Before Wdrld
War I wet pneumatic drills began to replace dry drills, By 1919
most drilling was being done with wet drills and by 1926 all drilling
was being done With wet drills - i.e., drills designed to force water
into the holes being drilled in order to make 2 slurry out of the dusty
outtings. .

O, B .
R N

In 1923 the first large main fan for mine ventilation was installed

and the use of underground secondary air distribution fans was be-

gun.  The main fan was rated and operated at 225,000 cfm with a 300 horsepo

motor and 4" of water pressure.

Ub until the late 1930's it was the practice in many ore breaking areas

of the mine fox: the miners to blast the boulders that were too big

to - handle by drilling short holes into them and charging these with
dynamite, which was detonated by blasting caps and fuse after the

miners temporarily left the working place. A few minutes after the _
blast, the miners would return to the area through the smoke, ‘fumes and
dust gn& then charge and blast the primary breakage holes which they had
drilled during their shift. This was normally done at the end of the work
shlfi; and the miners then left the mine, which was allowed to ventilate for
several hours between shifts for the air to clear. This boulder blasting

procedure was a very dusty practice which was discontiinued by 1939.

Prior to 1950 blasting was permitted at any time throughout the mine. As
a result of_ this practice iarge amounts of dust, fumes and smoke drifted
through working places that were down wind in the flow of ventilation from

the places where blasting was performed, so that employees breathed
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concentrations of dust fumes and smoke which-were not directly
related to the work they were performing. In 1950 the company
blasting regulations were changed to permit blasﬂng only at lunch
time and quitting time in square set (timbercd) stopes and only at

" -qultting time In open (untimbered) stopes, and in drifts and raises.

’l‘hls' change greatly reduced the amounts of smoke, fumes and

8.

. dust'in the mine durlng working hours.

'Untxl 1951 the holes dnlle-:l to advance a 'drift" {a& horizontal
) _ tunnel-like excavation) were blasted in a 2-step sequence. The

flrst holes to bg blasted were the "cut holes'" (the holes which de-
termine how far from the face the rock will be broken by the blast).

.:A few minutes after blasting these (with dynamite, blasting caps and

fuse), the miners re-ehtdred the working place in the smoke, fumes
and dust and then inspected the results of the blast. If the cut holes
had not broken to the desired depth, -tﬂey were cleaned .out, recharged
and reblasted until they had broken as deep as possible. -Then the rest
of the hol s were charged and blasted and the miners left the area until

. their next work shift. This was another very dusty practice which was

changed in 1951 to blasting all the holes at one time using elect ric delay

blasting caps and dynamnte.

Until 1952 the holes drilled to advance a "raise (a vertical tunnel-like
excavation) were blasted in the same 2-step sequence. This probably

- causéd even greater dust exposure to the mea involved than did the drift
" practice because the miners had to climb ladders back up to their working

. place which might be up to 150 feet above their entry point. This very

c‘idsty practice was discontinued in 1952 and the holes in'raise rounds

since then have all been blasted at once,

*In 1950 conversion of the mine to'drills equipped with automatic water

valves was begun. These valves turn on the water for dust suppreéslon

when the compressed air is turned on. Older drills had separate air and

‘water valves, and miners normally began most of the holes they drilled

by using only the compressed a.'h-l without using any water for dust sup-

pression, ‘This conversion of drills was completed in 1953._
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10.

11,

12.

18.

In 1954 a change In the method of extraction of ore was made which

greatly reduced the amount of sccondary. blasting which had to be done

_in the extraction chutes,

In 1963 wheeled carriage mounts for drills in ore breaking arcas were

_ designed and built. These resulted in a much longer drilling cycle so that

all holes in an area could be drilled at once and then all holes blasted by
means of large blasts.' Previously the miners on each shift blasted the
holes they drilled that shift. Under the new cycle they might drill for a
week and blast all the holes at once. This reduced the times that smoke,
blasting fumes and dust were generated. '

In 1964 .chutes for drawing the broken ore from breakage areas were re-

" designed and enlarged to reduce the physical exertion required from a miner

and to reduce the amount of blasting of rocks too big to flow through the chutes.
This also reduced the amount of smoke, blasting fumes and’ dust generated,
In 1963 a program of impro'ving secondary distribution of air to individual

“ working places was begun. ~Prior to that time, secondary distribution fans

were primarily 5-horsepower in size ahd used 12" diameter ventilation bag

.or tubing. In 1955, there were 97 5-h.p. fans on hand. Between 1955 and

1968, 40.more were purchased. None have been purchased since 1963. In

1955 there were no 10 h.p. fans on hand. Between 1965 and 1969, 42 were
purchased. In 1855, there were twelve 15 h.p. fans on hand. Eighty-four were
purchased between 1955 and 1974. The larger fans requiréd the use of 16" and
20" diameter ventilation bag or t:ul;:ing‘, The higher horsepower fans with the
16" ventilation bag or tubing deliver more than twice as much air over the same
distance as do the older 5 h.p. fans with 12' ventilation bag or tubing, and about
2-1/2 times as much air with the 20" ventilation bag or tubing.

Over the years there have been many changes in working hours and average

- number of shifts: worked per year. The daily shift was 10 hours until 1906 when

a gradual change to 8 hours was made. In those days there were no regu-
lar days off, holidays or vacations. The men worked every. day and looked

on a day off as a loss in wages. .No detailed recort_is
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of évcragc shifts worked are available until 1920. At that time,
underground employecs worked an average of 52 hours per week.
(They actually worked 13 successive days,- then had cne day off).

In 1'9'20, the average underground employee worked 333 shifts

in the year or 2664 hours. On September 1, 1933 the work week
was changed to 48 hours. This resulted in a reduction in average
shifts worked per year from 328 in 1933, to 304 in 1934 and to

298 in 1935. On October 20, 1940 the work week was changed to

42 hours and the daily shift was reduced to 7 hours, but average
total work shifts remained about the same as in 1935. The work
week and work shift were increased to 48 hours and 8 'hours, re-
spectively, on March 2’, }952. Avgrage shifts worked per year
ranged from 294 to 288 in the period 1952-1967. Since then, this
figure has declined to 249 in 1974, On August 28, 1972 the work
week was reduced to alternating 48 and 40 hour weeks. On April 20,
1973 the work week was reduced to 40 hours which it was at the time
of the 1974 MESA survey. Thus, the average underground employee

~ worked 1992 hours in 1974, when the MESA fiber survey was made,
" a8 contrasted with 2664 hours in 1920. -

Great changes have been made in the overall ventilation pr.ovided to

the mine. In 1932 a second fan was installed on surface to supple-

ment the air provided by the 1923 installation. Total air volume cir-
culated in the mine was then raised from 225, 000 cubic feet per minute
kCFM) to 475,000 CFM. In 1941, anothex surface fan was installed, and
the aldest one shut down, resulting in an increase to 547,000 CFM, In
1960, .another fan was installed which increased the volume to 600,000

CFM. Over the next few years various improvements gradually raised

‘the volume to 650,000 in 1963. In 19G4, another major fan was installed *

{ncreasing the capacity to 800,000 CFM. Since then, volume has ranged
from 775,000 CFM in 1974, when the MESA fiber survey was made, to

‘867,000 CFM in 1966. Table 2 shows ventilation volumes and other per- .

tinent figures on a yearly basis from 181G through 1974,
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TAHLE 2

Homestako Mine Employment and Venttlation Data by Years

Average No. Hours

1974

Notcs: See next page

[N
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Averago No, Averago No. CFM Alr CFM Alr
Employces Shifts Worked in Hours [n Circulated Clrculated
Year Underground  per/Emplovee ~ Shift Workweck through Mine per/Employee
1916 ? ? 8 52(a) ? - ?
1917 ? ? ' " " 77,000(2) ?
1918 8370) 333(c) " o " 82 (?)
1919 640({) 333(a) " " " 120 (?)
go20, - 841 333 " " " 120 (7)
1921° 852 326 " " " 00 (?)
.- ’ 'lbz?' 842 327 L " L 81 (?’
L1923 o © 181 326 " " " 99 (?)
1924 790 318(d) » .o . 225, 000 285
1925 723 8336 " " " 311
1026 - 605 3% " n " 323
1827 - . 665 . 338 " " " 338
1925 642 327 . L1 [ 1] 850
+ 1929 . 723 320 - “ " " 311
L. 1930 . 810 306{e) " " " 278
1931 780 822 " " " 288
Lo w1932 783 335 " " " 287
o 183 830 a28(n - " 52 and 48(f) 475, 0600 512
LT 103 857 . 304 i " 48 " 496
© 1835 95 . 208 " w " " 492
1936 1,037 209 » n " 458
1937 988 299 - " " » 481
1838 1,044 289 " " " 455
1939 1,103 296 . " e " 43
1940 1,085 297 7T &8{g) 48 and 42(7) " 438
1841 1,138 293 7.0 42 547, 000 481
1942 850¢h) 306() " " " G4t
1943 162(h) 269¢h) " b " 3,3717()
1944 151(h) 280(n) " » " 3,623M)
1945 267() 263(h) " " " 2, 048(h)
1946 614 276 " " " 891
1947 676 278 " . " 809
1048, |  6M 273 " " " 800
19‘9 . m 2"‘ L] [} ”n 577 .
1950 993 113 " " " 551
-1951 726 4 " " " 753
3952 739 29071) " 42 and 48(1) " 740
T 1953 803 291 8 <% - " 661
1954 887 291 o " " 617
1055 889 290 " " " 615
1856 914 292 " " " 598
1057 943 293 " " " 880
3958 925 204 " " " 591
© 1989 880 294 " con . 600, 000 694
1960 870 292 " " " 690
1961 n 892 294 " o ” 673
1962 938 288 " " 619, 000 639
1963 1,036 289 " " G50, 000 627
1964 1,046 290 " " 800, 000 765
1965 1,022 290 " " 829, 000 811
‘1966 983 288 " " 867, 000 882
_ 1987 T 1,000 280 " " 804, 000 859
. 1968 1,002 272 " v 830, 000 828
1969 990 . 280 "o " 802, 000 810
1970 933 282 " " 800, 000 ‘857
Ceo1em ‘954 294 " v 816, 000 - 854
1972 800 264 " 48 and 44() 780, 000 867
1973 960 249 " 44 and 4009 ‘780, 00O 813
963 249 " 40 775, 000



Notes to Table 2:

.(a).

o)

(©
@
@

®

©

()

®..

O

)

.Altérnatlng 56 and 48 hour workwecks.

Calculated from record of total shifts worked and aésuming 333 shifts -
per employce from the 1920 figures.

Assumed from 1920 figure.
Assumed figure. Data available for year are unreliable.

Fire in Ellison shaft headframe caused a short shutdown of ynder-

ground mine operations. ot
! d

. Workweek changed from alternating S6 and 48 hour weeks to 48 hour

weeks on September 1, 1933.

Workweek and workday changed to 42 hours and 7 hours respectively
on October 20, 1940. .

Production operations shut down during World War II from October 8,
1942 to July 1, 1945 wilgh War Production Board order L-208.

Workweek and workday changed to 48 and 8 hours respectively on
March 2, 1952, '

Workweek changed from 48 hour week to alternatiﬁg 48 and 40 hour
weeks on August 28, 1972.

Workweek changed from alternating 48 and 40 hour weeks {o 40 hour
week on April 20, 1973.
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Another major rcason for the NIOSII assumption oI‘ unchanged exposure
being tota_lly Iricorrect is found in the silicosis incidence. The ;960 and 1974 Bureau
of Mlnes and MESA surveys found relatively low siiica concentrdtions, well below the
applicable OSHA standards to prevent the occurrence of silicosis. Yet among the 18
employees wbo dxed after 1960 of respiratory system malignancies and nonma.hgnant
respi;ato;'; dlsease, 7 had mention of silicosis as a cause of death in the death certi-

ﬂcates and 15 had been diagnosed as havlng some stage of silicosis by the Homestake

medical staff when they were still workmg Why then, if silica exposure by the NIOSH

. .',a.“sumption was as low from 1916 to 1960 as it was in 1960 and 1974, have there been

so many sﬂicosm cases? The answe;' i,p that the exposure must have been hxgher in
the past. The falsity of the NIOSH assumption is thus readily revealed by data which
NIOSH had but did not include in the NIOSH study
Further evidence that the NIOSH assumption is incorrect is found in the

- Homestake Mining Company records of dust counts found in air samples and presented
" fn Table 3. Unfort\mately, no dust counts can be found priof to 1937, and it may well be
that prior to then no regular air samplin.g was done, Dust exposures in tI;e 1937-~1951

period average about 8 times as high as those In 1974 when the MESA fiber survey was
made. From the 1933 change in ventilation it can be calculated that dust exposures in'
the 1924-3? period were at least as great'-as those in the 1937-—1951 period, or-about 16
times as gréat_s.s in 1974, ‘and those in the 1916-23 period were about 2¢ times as great
as In 1974, - If the _ohzu)ges In dust controi practices dnd hours worked arc taken into

. account, the.differences are cven greater.
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TABLE 3

Approximate exposures to silica dust of employees working underground in the
Homestake gold mine by years from 193Z }hrough 1974 based on occupational
exposure midget impinger air samples,!@

Average Silica Dust

Number of Samples Count in Millions of

Year . Averaged Particles per Cubic Foot
1937 : 107 11.0
1938 - 216 25.5
1939 : 748 15.3
1940 . 1,056 111
1941 498 13.3

- 1942 184 24.6
1943-1946 . 0, -
1947 255 24.3
1948 178 12.0
1949 . 183 15.5
1950 . 297 12,6
1951 4 198 4 18.4
1952 247  ” 9.7
1953 : 140 . 6.7
1954 22 5.9

1955 . 249 5.1

*.1956 104 5.2
1957 - 290 4.1
1958 121 4.3
1959 74 4,0
1960 24 4.4
1961-1963 0 -
1964 247 3.3
1965 - 86 4.2
1966 . M 3.5
1967 26) 3.1
1968 220 5.0
1969 228 4,0
1970 146 4.4
1971 © 195 2.4
1972 200 2.8
1973 180 2.5
1974 ' 124 2.0

NOTE: :
(a}  Much of the air sampling at the Homestake mine is done for control purposes
" . and is in areas expected to have high dust counts. If all samples taken in

" a given year were averaged, ‘the results would be biased on the high side. -
Only samples which represent exposures of employees have been used in
obtaining the averages in this table. Repetitive samplings in high dust
concentration areas were not used in obtaining the averages.

Tat

- 15 -




The U.S. Bureau of Mmes 1900 repor (0 docs not give a single figuro for
averagoe alrborne dust concentrations in the mino such as the 1.7 x 10 6 partlclcs per
cubie foot as reported by the NIOSH study authors. Instead, the 1960 report shows low, .

high and weighted average dust concentrations by occupation in the mine, as follows:

TABLE 4

Low, high and weighted average dust concentration by occupation in
Homestake mine in 1960 as given in U.S. Bureau of Mines Report(3)

» No. of crews Dust concentrations in MPPCF®)
. No. of : or employees . Weighted
._QOaocupation samples sampled Low . High average
' Timbered cut - ;4 C - -
.and fill stopes 146 9 crews®) ‘ 0.3 76.3 . 8.8
Open cut and _— X
fill stopes 129 8 crews ®) 0.3 24,7 3.0
Stope fill -
preparation 66 4 crews®) 0.3 25.1 2.2
Drifts 32 2 crews®) , 0.3 3.5 0.9
Raises : 30 ) 2 crews®) 0.4 117.0 6.5
Motormen - 44 5 employees 0.4 15.2 3.0
- Chute puller 21 . 2 employees 0.3 3.7 - 1.3
“*Sandcrew 16 1 erew®) 0.6 5.2 2.4
Gunnite crew . 15 1 crew®) . 0.5 672.0 99.8
Hoistmen ' 3 employeos 03 6.3 1.7
Cagers and skipper " 9 . 5 employees - 0.8 .- 2.3 L3
Timber repair - 23 " 3'employees 0.6 | 13.0 N
Trackman . 6. 1 employce 0.5 1.3 1.0
Diamond drillers 12 3 employces 0.3 2.2 0.9

(s) Milllon particles per cubic foot. : :
() Regular crews consist of two employees except for sand crew, and gunnite crew which
" wvary from 5 to 2. 16 -



. The Homesiake authors have Been unable to determine how the NIOSH
study authors were able to derive as low an overall average dust concentration as
1.7 x 168 particles per cubic foot from tI;e data .in the 1960 Bureau of Mines report,
even If the high average of the gunnite crew is ext;luded. The 1.7 x 10 figure used

. in the NIOSH study for 1960 is obviously low and improperly derived.

Review of Occupational Histories '

For the NIOSH study, occupational history information was obtained by the

USPHS from their 1960 interviews with the employees, and was not verified by Home-~
stake or other employers. To date, the USPHS has refused to furnish Homestake a
ﬁst of the names of the ?40 employees, ,§.o that no check has been made by Homestake
of the correctness of the employment histo;'ies of a.ll 440 persons.l As:mentioned above,
however, the Homestake medical director did rec eive the USi?HS 1960 occupational his~
tories on 17 ,mei: and the names and ﬁeath certificates and other information on 18 men.
' ‘The work histories of these 17 employées have been chec‘ked against the H-omestake re~
cords and other sources of information,

" Of the ten respiratory system maliéna.pcy cases, three were f?l;lld who do not
, ‘meet 'i;he NIOSH study req-uirement of never havhha'g“mined u.r;derground elsewheré. They,
therefore, should have been excluded from the study. These three individuals had mined
"+ underground elsewhere before 1960, (one as long as 3.-'_1/2 years) and the inforrﬁatiou on
two of them was avallable in the NIOSH records. Another worked 3 years in a Connecticut °
"chemical plant with exposurc.to toxic fumeé and logicaily should have been excluded from
ti:e ;tudy also..- This infofmntion was also in the 'NIOSH records, A fifth cmployee worked
for 5 years ata dusty bentonlte surface mine and processlug faclhty where he probably had

hlgh silica dust exposure. Again, this information was contnmed in the NIOSH zecords



Of the eight hox:malighmmt regpiratory discase cascs, one had worked at
least 3 tirﬁes ir-{ other underground mines, and s_hou_ld. thcrefore‘hnvc been e.xcludcd
from the study, Again the information was in the NIOSH records. -

The employment underground in the Homestake ﬁine for 60 months or
" more by '1960 was easily verified for all 18 persons.

. ‘The NIOSH screening of the group to be certain ttiey all met the criteria
of never having worked underground elsewhere can only be classified as slipshc;d. of’
the 4 persons found not to meet thls- oriteria, two had élearl& shown it in the;r work
idstorie; and the information on the third one was in NIOSH correspondence attached
fo the 1960 in'terviei.v fofi-ms.r - The infbnfn.a;tlon on the 4&1 case was not in the NIOSH

papers, but was information developed-by Homes_take Mining Company.

‘Review of Smoking Ijllstories

The USPHS furnished Hom'estake Mining Compg.ny with a computer .listing of
: the indi'vidqal smoking histories of the ;140 employees as given By th.e men' at the time
_théy we;-e examined in 1960. These smoking histories were tablulated by-Homestake
Mining C;mxpany and the r_esults are shown in Table 5, along with similar figures for

" .8 underground uranfum miners and U, S§." males (adjusted to the age of uranium miners).
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TABLE 5

Smoking Historics of Homestake Underground Miuers,
U.S. Underground Uranium Miners and U.S. Males

Homestake Under- | 1. S. Underground U.S.

. ' Smoking Status - ground Miners (n) Uranium Miners (h) Males®)
Non-cigarette smokers - 28.3%(0') _ 28.8 : 45.4
Cigarette smokers: n ‘ ' -

. 1 pack/day or less 59,5% - 64.2 39.8
~ More than 1 pack/day 12.2% 16.9 o 14.8

100.0% X 100, 0

NOTES: - : . : S

v

(2) From smoking history computer print-out furnished by USPHS, -

®)

)

L

From Lundin, F.E., J. K. Wagoner and V. E. Archer, "Radon Daughter Exposure
and Respiratory Cancer ~ Quantitatfve and Temporal Aspects™, National Institute

for Occupational Safety and Health ~ National Institute for Environmental Health

Soiences Joint Monograph No, 1, Page 26. Figures for U.S. Malgg were adjusted

to age of uranium miners by the authors of the Joint Monograph.(

' Includeé 2, 8% who were pipe and/or cigar smokers, and 10. 6% former smokers

who had quit for one year or more at time of interview. This follows NIOSH pract-
fce used for U, S, Underground Uranium Miners and U.'S, Males. ‘

The NIOSH study states in its discussion of smoking (underlining ours):

"The role of cigarette smoking also niust be taken into account. Smoking histories
obtained during the 1960 silicosis study of this hard rock gold mine indicate that
these miners smoked far less than did underground uranium miners. Although a -

known factor in the causation of lung cancer, it has been estimated in studies of

' 'undergr'ound uranium miners that such smoking by itself would increase the ex~

pected lung cancer death risk by no more than 49%, Cigarette smoking, therefore,

could not account per se for the observed increased respiratory cancer risks among

.these gold miners. "1}
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The ﬂgureé in Table 5 clearly show that the miners studicd at the gold mine
smoked somewhat more than averége U.S. males, especially in the 1 pack/day
or less class. _They smoked slightly less than both U. S, males and uranium miners
Inthe l ‘pacl;/day or more class. Some. elevatlon of the "expected rates would re-
sult iroxp this but it would be somethmg less than the 49% estimated for the ura.nlum

miners. 'I'he NIOSH study makes no attempt to estimate this factor, but we believe

that such a correctlon Should be made in the "expected" respiratory malignancy

. . cases. . We do not have all thé statistical data reqmred {odoa reﬁned estunate of

‘.

‘:- ~)

this carrection but a ﬁgure of 40% seems reasonable. This correction would raise

‘;_,- ) Y

. .the 'expected" respu'atory system canéers from 2 7 to 3.8,

The experience of the Homestake staff has been that employees tend to under-
siate their smoking habits when being questioned about possjble occupational disease.

The USPHS 1960 smoking histories that were compared with Homestake records bore

this out, although it is possible that the Individuals involved ma;.v have become heavier

a young man. *'.

smoke.rs after-1960. For example, one of the 10 respiratory mﬁligna.ncy_ cases gave

his s;no'klng histon.r_ in 1960 as "1/2 pack daily for 40 years, " but the Homestake medi~

cal»chaftl says "heaﬁ smoker all of his life, "' .
fn another of these 10 casés, the USPHS 1960 forms show he smoked 1/2 pack

daily for 20 years plus 6 oz. of pipe tobaceo per week. The Homestake records state,

"eavy amokéx:, both cigare&es and pipe. Two packs daily. Smoked all his life from

-

In one of the 8 cases of nonmalignant respiratory disease, the USPIS 1960 forms

show one pack daily fér 40 years and occasional pipe. He was clasgified as a 1/2 to 1 pack

- 20 -



per day cigarcite smoker. The lomestake record says, "Smoked heavily of clga-

reites and pipe. Atleast 1 to zvpackages daily since age 16-17 and unti! his death. "

Medical Review

_ After reading one of the early drafts of the I.ﬂ'OSH study, the Homestake
Medical Dlre’cto'r and consultants began to search for cases of asbestosis among tfxe
Homestake workers. It was reasoned that due 'to the medical staff's pre-'occup‘ati.on
with silicosis for many years, that asbestosis_ might incorrectly have been called
sﬁicosis or overlooked, X'-ray.s'of long term employees and of other present em-
ployees take;: during their pre-—employr'nent aﬁd bi-annual }Shysical examinations were
exa.mlned to see if apy of them were typlcal of asbestosxs. In addition, all x-rays were

:_ -

read by a firm of consultmg radlolo_glsts in Rapld City, South Dakota, and by Robert F.

~Bell, M, D., a consultant of Denver, Colorado,- specializing in occupational medicine

and 2 certified reader in the ILO-fUC classification of pneur_nonodoniosis in radiographs ‘
under the Federal Coal Mine Hea.ith& Safety Act.

" The x—rayé reviewed were of 100 randomly selected from among underground
;.mployees who have had 2.0 years or mare of undexjground mining at the Homestal‘ce gold
mine and of 789 current underground employees regaidless of length of service.

No evidence of asbestosis was found. Furthermore, the Homestake hospital

has had no cases of mesothelioma, and Mr. Gillam advised in a telephone conversation

that USPHS had not found any asbestosis or mesothelioma. in the 440 employees in the

. NIOSH study group, nbr any excess of pastro-intestinal cancer.

Thus, it is clear that the incidence, of respiratory cancer whiéh the NIOSH stud
claims is due to low asbestos fiber exposure is not accompanied by either a_sbéstosis,
me.s_othello;na,‘ or excess gastro-intestinal cancer, all of which generally occur in popu-

lations eéxposed to asbestos fibers.
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. Three of the cases of respiratory system mal_ignancies in the NIOSH study
‘roquire al special comment,
'l'he underlying cause of death in one case Is shown on the death ceruﬁcate
to be a "Mcdlastinal tumor, highly undlfferenttated w1th metastasls to supraclavicular
nodes, " and is coded as ICD 164. This individual s one of those who worked in other
mx!erground mines.

-

Anothe'r cause of death in axiother caée is shown on the death certificate to be

L ."’J .

‘"Add:movystic Carcinoma, 1t. ma.x:illary antrum with mestasis, " and i{s coded as ICD
., ¥ T LT ’ 4
160 2. . 2
In the third case, the death certificate says "Bronchogenic Carcinoma' due to
"Sﬂicosis-Lungs" and indxcates that an autopsy was performed. The Homestake re-
cords show that the pathologist who performed the autopsy changed the cause of death _
from bronchogenic carcinoma to malignant Iymphoma.
It does not seem reasonable to include cancer of the nasal sinuses .or mediastinum

in the réépiratory system analysis of the effects of asbestos fibers in the respiratory

system. These parts of the body have virtually no contact with the dust or fibers con=

| tained In the air breathed. The coding should be refined to place.these causes of death

in a different grouping.
Current literature does not implicate asbestos fibers as an ét_iological agent in acy
of these three types of tumors, and these types should not be included in either the

Yobserved" or "expected" cases of respiratory system cancer,



Epldemiologicil Aspects

Pbsslble-' causes for respiratory system cancer other than as;bes_tos fibers
are not given dig‘n.iﬁed-diseuss.ion. For instance, the limited number of determi-
‘natlons'of radon daughter concentratiops made subseguent to 1960 Average abouf |
0,006 Working Levels (WL). ' Ocbasional readings. of 0. 015 W'L and 0,02 WL have

been obtained. Unformnately no record can be found of the mdwidual five 1960

sampIes which averaged under 0.01 WIL A

.

) In the 1916-23 period when ventﬂation volume through the m.inle ';vas about
‘ onewtenth whnt it is now, the concentration would have been a.bout 0.06 WL, In the
} 1924-32 period when ventilation volume was one-thlrd what it is now, the concentration -
) wonld have been 0,018 WL. In the period 1933-41 the concentration would have heen
. 0.01 WL Given the longer working hours per year in those days, an employee would
'have accumulat‘ed 0.916 Working Level Months (WLM) per year in the first perlod,

_ 0,267 WLM per year in the second period, and 0,139 WLM per year in the third period.

In their N:IOSH-N;EHS Joint Moﬂograph ﬁo. 1, entitied "Radon Daughter'Exposuré |
and .Rcsplmtory Cn.uccr Qualitative and TempornlhAspects. n () Frank E. Lundin, Jr.,
‘ Joseph K. Wagoner, and Victor E. A.rcher, predict that cxp;)sure of a po;mlul.iori of
10, 000 at 4 WLM per yéar for 30 _ycaré will pro;lucc 159. 59 excess lung cancers within’
60 years of Ilrst-cxposﬁre. This 15 30 x 4 x 10, 000 or 1,200, 000 Working Level Man
Ménths-(WLl\%M) The uumbcr divided by 159,59 excess lung cancers = 7519.3 WLMM

to cause onc excess lung cancer, (10)

Le 2 B




If the numbcer of undcrground employees tn cach ycar beginning with 1916

and ending with 1923 is multiplicd by 0. 916 WLM per year and those in' the period

1924-32 by 0.267 WLM per year, and those in the 1933-41 period by 0. 139 WLM

per year, the results shows that the 7,519. 3 WLMM of exposure to produce one excess

Jung cancer would have been reached in 193_5, some 20 years after first exposure. This

cpmnntécd Iung cancer would have as long as 30 years in which to. appear and tbus could

have occurred after 1960,

The authors of this critique do nof s@scribe completel‘y to the Lundin,

~ Wagoner, .Archer predictions and calculations, but it is clear that the NIOSH study situthors
. Wagoner and Archer have not applied tﬁelr own previously published radon daughter ex-v

posure theory to the I:l'omestake min;el,{ Under that theory, radon daugliter exposure in

the early years of the workihg period‘covered by the NIOSH study capn'ot be eliminated

as a cause for some of the incidence of lung cancer.

) The NIOSH otudy in attempting to draw the fa;-reaching conclusic;ns that it

. _ does ‘from the small number of cases presénted in it is engaging in a questionable practice.
i ‘fhere are recognized dangers to drawing cqnolusioﬂs from such small numbers. A small
change in the numﬁer of observed or expected cases can .r.r'take a drastle .dif.ference in the
statfstical significance of the results. The nu@ers in Table 6 are not represented .to be
precise. The Homestake authors lack much-of the data necessary (such as the 1960 occu-
pational histories of 423 study group employees or the necessary statis;.-if;al data to accu- h
rately correct for smoking histories) to generate precise nuxnﬁers. The exercise presen.te'
in Table 6 does show, however, how casily statistical significance can vanish when small

3 numbers are involved,
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Notes to Table 6: .

TABLE G

Adjustments to "Observed" and "Expected’' cases of respiratory
system malignancics based on Jomestake Mining Company comments

Observed Expected

_ _ Cases Cases
Respiratory system malignancies per NIOSH study 10 2.7
_ Adjusfment of 40% due to smoking histories - 1.1
Adjustment for 5§ persons included in study who
worked in other underground mines or in :
chemical plant with toxic fumes S (4) 0.015(@)
Adjustment for 3 persons whose malignancy was
outside direct stream of breathed air 2)® . oy®
Adjusted respiratory system malignaocies , 4 3.8

) 4
LR A

(@) Roughly estimated from the person yéars represented by the 5§ persons
eliminated from the study and the total person years used in the study.

®) One of these three persons was the same as one of the three persons
eliminated due to having worked in other underground mines.

© Roughly estimated as in (a) above.

In the category of nonmalignant respiratory disease, the NIOSH study shows 8

observed cases versus 3.2 expected. This comparison and the conclusion linking the
observed cases 'to asbestos, with a possible additive role fron; low exposure to free
silica dust' is utter nonsense. Itis difficm;lt to believe that the NIOSH study authors
really belleve this. Of the 8 observed cases, the death certificates show the under-
lxi_ng causes of death to be silicosis in 6 cases, myeloblastic leul;er_n.i_a in onhe cgsc,'anc.l
chronic obstructive lung disease in the eighth. . Silicosis is an occupational disease

that does not occur in the general population. Inclusion of 6 observed occupational




allicoels casecs in a comparlson of observed nonmaligmnt respiratory discase deaths

to cxpected deaths based on general population death rates is, thercfore, incorrcet.

~ The G‘suicoels cases should Se removed {rom the observed cases, be shewn separately,
and comparced to virtually zero expected cases in. the general ;;opulati‘on. The leukemia

| case should also be removed. The net rosult then is 1 observed case versus 3.2 expected
ora deﬁcit of observed cases.

The NIOSH study data’ contaln an inconsistency on which the NIOSH authors did
not comment. The ratio of observed respiratory system cance.rs to the expected cases
for 5 to 19 years after onset of underground employment to date of death is 5.4:1 (3 ob-
served 0.56 expected), which is greater than the 3.2:1 ratio (7 observed 2. 18 expected)

. for those cancers which caused dedth{20 or more years afeer first underground employ-
ment. The differenee between these ratios wquld be even greater had the NIOSH authors
' correctly classified the 10 cancer cases. Our r‘eview of tl_xe occupational histories which
the USPHS teok in 1960 and checked against Homestak~ Mining Company employment re-
cords shows that 1 person who died 19 and a fraction years after first underground eu;—
ployrient was classified in the NIOSH study in the 20 yeare or more category.

In the nonmalignant respiratory dlsease deaths the relationship of the r.atios
is reversed. In the 5-19 year period the ratio is 0:1 (0 observed, 0.59 expected) aed in
the 2‘0 years or more groule the ratio is 3.1:1 (8 cases observ_ed,' 2. 18 expected). These
results are inconsistent with each other, yet the NIOSH study authors conclude that expo-
sure to asbestoe is the basic cause of the excess in both types of deaths.

The NIOSH study is inconsistent with anether epidemiological study of Home-
ste.ke employees made at about thel same time. J. Corbett Mc Denald, et al . s_tudied ;1
grwp of 1, 321 Homestake employees with 21 or more years of employment at Homestake
as of 1973, most of whem spent most of their working lives underground. (1) Of _the 1,32]
employees, 660 had died and 652 were alive In 1974. Nine were untraced. Death certiﬂc:

were obtained and a medificd life tablc techniquo of analysis was used to compare dc-tths
- 26



obecrvcd by cause apainst deaths expected by applylng death rates for South Daiwota for
1937 through 1973 to the study population. There were 17 obsm ved cases of rcspiratory
neoplasms in the group versus 16.5 expccted. Gaatro-mtestiml cancers observed were
39 versus 35.1 expected and other cancers were 37 observed versus 38.9 expected, Thus
no significant ._excess of any type of cancer was found. On the other hand, 37 cases of
pncum;dnocc_inliosis were observed versus zero expected, and 39 céses of respiratory tu-

bfa‘z;culos'is were obsérired versus 3.6 expected.

>

Summary :md Conclusxons

) 'Ihe NIOSH study has, been shown in this critique:

' 1.'.‘ To be based on a gross error in the basic assumption made 6n exposure;

" 2_.' '_ '.Fu have, through slipshod work included a2 number of persons who did not
. . mieet the NTOSH criteria for inclusion in the study group,

8. To have inaccurately reflected the results of the dust concentrations found
in the mine by the U, S. Bureau of Mines in 1960;

4, To have includzd in both the observed and expected respiratory system ma-
lignancy deaths types of malignacles in which éurrent literature does not

fmplicate asbestos fibers as an etiological agent;

5, 'To have an inaccurracy in the data presented on observed deatbs’ due to respira-

" tory malignancies classified by time after onset of underground mining;

6. To contain an unexplained inconsistency between respiratory malignant disease
deaths and respiratory nonmalignant disease deaths in the ratios of observed to

-expected deaths when these were classified by time after onset of underground minix

7.. To 'ha,va improperly included s'ilicosis cases in the observed cases of death from
nonmalignant resplrai;ory disease in comparison with expected dcaths from gene-~

_ral population which does not incur snicosis;

'8.. Tohave neglected completely the lmpm tant role of excess smoking in the study

group, and




' 9.,  'To have ignored completcly other possible carcinogens, such as radon

daughters;

10. To be Inconsistent with the McDonald et al epidemiological study of a

larger group of Homestake mine efnployees.

Our conclusion is that the NIOSH study ié neither scientific nor valid. ‘It
d‘oes not present the evidence fairly. Only items which support the authors’ conclusions
are preser_xted. Factors which do not, are ignored or dismissed Without discussion. At
least one of the authors has b'een‘personally involved in the Reserve' Mining Company

-Iitiga.ti@ in the Federal District Court in the District of Minnesota since before the
'.étu_dy was made. The tone of the text éf the various drafts, the choice of references,
the ignoring of factors which do not sdpport the conclusions, the improper inclusion
of certain persons in the study, etc., a.il leave tht; redder with the impression that
the MOSﬂ authlors were so intent on strengthening NIOS:{'s position in the Minnesota

 court case that it abaud oned the objectivity which the taxpayers and the public have a

right to expect. Tﬁe entire exercise demonstrates that the USPHS and NIOSH practice
f\

— e, s e

‘ of making such studies and then refusing to dwulge the basic data under clalms of conﬂ-

B e

den ty, s fraught with the danger of authors: presenting only the information which

_ suppgrts their conclusions and "covering up" that which does not. The public interest

. requires that such studies be Yyudited* b& knowledgeable people outside the federal

government.

- 28 -



1.

8.

8.

10.

11.

REFERENCES

Gillam, J.D., J. Demeni, R. A. Lemen, J, K. Wagoner, V. E. Archer,
and II. P. Blejer 1976. Mortality Palterns Among Hard Rock Gold Miners
Exposcd To An Asbestiform Mineral. Annals Of The New York Academy
Of Sciences, Volume 271, Occupational Carcinogenesis. :

Noble, J. A. 1950, Ore Mineralization In The Homestake Gdld Mine, Lead,
South Dakota. Geological Society of America Bulletin, Volume 61, pp 221-252.

Deer, W. A., R. A. Howie, and J. Zussman 1962, Rock Forming Minerals,
Vol. 2, Chain Silicates, pp 234-248. .

Gillam, J. D, Personal Telephone Communication, 3 April 1975.

Flinn, R. H., H. P. Brinton, H. N. Doyle, L. J. Cralley, R. L. Harris, Jr.,
J. Westfield, J. H. Bird and L. B. Berger 1963. Silicosis In The Metal Mining
Industry A rev&luatxon 1958-61 Public Health Service Publication No. 1076,

u. S Department Of The Intemor. Bureau of Minm, 1960. Environmental Study -~
Mine No. 30, Jan., 17-Feb. 6, 1960, Internal Report. :

+ U.S. Department Of The Interior, Bureau of Mines, 1973. Onsite Dust Assessment .

At The Homestake Gold Mire, Lead, South Dakota. Internal Report,

U.s. Dep.irtment Of The Interior. Mining Enforcement and Safety Administration,
1974. Fiber Survey, Homestake Gold Mine, Homestake Mining Company, Lead.
Lawrence County, South Dakota, Sept. 23- Oct. 3, 1974. Internal Report.

Lundin, F. E., J. K. Wagoner, and V. E. Archer 1971. Radon Drlughter Exposure
and Respiratory Cancer - Quantitative and Temporal Aspects., National Institute For
Occupational Safety and Faalth - National Institute For Environmental Health Sciences
Joint’ Monograph No.1, U.S. Government Printing Office. Washingteon, D. C.

Archer, V. E, 1975. Letter of Nov. 12, 1975 to G. Saccomanno, with copies to
F. E. Lundin, Jr., J. K. Wagoner, L. W. Swent, C. Gronning, E. Ferguson,
R. C. Beverly, C. C. Palmiter, A. Stewart and W, Burr.

McDonald, J. C., G. W. Gibbs, F, D, K, Liddell and A. O. McDonald 1977,
Mortality After Long Exposure To Cummingtonite-Gruncrite. Read to the American
Thoracic Society Annual Meeting, San Francisco, California on May 17, 1977, and

" to be published in American Review of Respiratory Disease. -

-29 -




