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Since 1952 two to three deaths from primary cancer of the lung have occurred regularly each year
among the male inhabitants of the small fluorspar mining community of St. Lawrence, Newfound-
land. These constituted 23 of the 51 deaths that occurred during the 10-year period 1952-61 among
employees with one or more years of underground mining experience. A shift to a younger average
age at death from lung cancer and an association between age at entry into risk and age at death
were observed. Comparisons between the mortality experience of the inhabitants of St. Lawrence,
of a control community of comparable size in the same geographical region, and of the population
of the rest of Newfoundland confirmed the probability of an occupational factor, the observed
death rate from lung cancer being about 29 times the expected.
The outstanding environmental finding in the fluorspar mines was the discovery of concentrations

of radon and daughter products in the air well in excess of suggested maxilnum permissible con-
centrations. On the basis of these concentrations and other considerations, it is suggested that
underground workers were probably exposed to an average potential alpha-energy to complete
decay of between 2X5 and 10 times the previously suggested working level of 1X3 x 105 Mev per litre
of air (Holaday, Rushing, Coleman, Woolrich, Kusnetz, and Bale, 1957). That these levels were
obtained in mines in which no radioactive ore bodies have been found is of exceptional interest.
The findings at St. Lawrence are compared with those reported in the literature for uranium mines.

For some years the Newfoundland Department of
Health has been concerned about the incidence of
pulmonary disease among the fluorspar miners of
St. Lawrence.

Tuberculosis has long been a major public health
problem in Newfoundland (Garland and Hart,
1946), and a certain incidence of this disease in a
mining population was to be expected. A number of
cases of pneumoconiosis had also been recognized
during the previous 10 to 12 years. However, in-
terest centred on an apparently high incidence of
lung cancer which seemed to affect only the male
population of St. Lawrence.

In 1956, at the request of the Newfoundland
Department of Health, the Occupational Health
Division of the Department of National Health and
Welfare began studying the extent of dust hazard in
the mines. In 1958 the scope of this project was ex-
panded to include radiation measurements, epi-
demiological and clinical investigations, and experi-
mental laboratory studies. Community as well as
occupational factors were included.

St. Lawrence

St. Lawrence is located on the south-east tip of
the Burin Peninsula, which is the southern portion
of the long boot-shaped peninsula on the south
coast (Fig. 1). At the 1956 census the population of
St. Lawrence was 2,078.
Temperatures in this area rarely fall below 0°F.

(-17-80C.) in the winter or rise above 80°F.
(26 7°C.) in the summer. Annual precipitation is
approximately 50 in. (127 cm.). The area is fre-
quently blanketed by fog or swept by high winds.
The terrain is characterized by rocky outcrops,

low-lying hills, and sparse and stunted vegetation;
90% of the St. Lawrence area is treeless. The soil
is thin, and few areas are suitable for agricultural
purposes. A great variety of minerals occurs in the
area, but fluorspar is the only one known to be
present in economic quantities.
For many years St. Lawrence was an isolated

fishing community located along the natural har-
bours of Great and Little St. Lawrence. Practically
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the only means of communication with other parts
of the island was by sea. Little migration of popula-
tion took place. The sale of salt-cured fish was the
chief source of income. Shortly after World War I
the price of salt-cured fish started to drop. The
gradual economic decline that followed in St.
Lawrence reached a disastrous level with the simul-
taneous occurrence of the depression years and the
Grand Banks earthquake and accompanying tidal
wave of 1929. The tidal wave destroyed all the
fishing equipment in St. Lawrence; the earthquake
disrupted the fishing grounds. By 1933 the in-
habitants of the area were poverty-stricken, and
malnuttition was prevalent (Adamson, Jollife,
Kruse, Lowry, Moore, Platt, Sebrell, Tice, Tisdall,
Wilder, and Zemechnik, 1945).

Just at this time economic development of the
fluorspar deposits began. This provided work for a
number of men in the community, and eventually
mining displaced fishing as their principal occupa-
tion.

Mining Development

Fluorspar (fluorite, calcium fluoride, CaF2) is
used in the making of aluminium and steel and as a

source of fluorine in the manufacture of such chem-
icals as hydrogen fluoride and various fluorinated
hydrocarbons.
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The St. Lawrence fluorspar occurs as epithermal
veins filling fault-fissures, chiefly in granite. These
veins generally dip between 700 and 900 and are from
less than 1 in. (25-4 mm.) to more than 50 ft.
(15-24 m.) wide. The higher-grade veins are usually
narrow, having an average width of 4 to 5 ft.
(12-1-5 m.), an average fluorite content of 90%, and
an average silica content of 5% to 6%; random
samples have contained 0-02 to 04% manganese,
0-002 to 0-0l % nickel, < 001 % chromium, and
0-27% yttrium; neither arsenic nor cerium has been
detected (analyses by Mines Branch, Ottawa). The
only rare earth so far reported is the naturally radio-
active samarium-147, which was present in one
sample to the extent of not more than 0-05 x 10-12
curie/g. (value obtained through the courtesy of
Professor W. V. Mayneord, London).
The lower-grade veins have an average width of

15 to 20 ft. (4-5-6-0 m.), an average fluorite content of
60 to 70%, and an average silica content of 15 to
20%. In the wider, lower-grade veins, the silica
occurs both as free silica in the granite and as finely
disseminated silica mixed with fluorite (locally
termed 'blastonite'). The calcite content is generally
low but may become appreciable in certain locations
(the average is about 10%). Although about 40
veins have been located in the St. Lawrence area,
most of the ore produced has come from only three
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TABLE 1
MAIN CHARACTERISTICS UP TO DECEMBER 1959 OF FIVE ST. LAWRENCE MINES

Mine 1 Mine 2 Mine 3 Mine 4 Mine 5
Production Period 1933-41 1933-57 1935-57 1936, 1942, 1956, 1942-present

1957-62

Depth of open pit working (ft.) 90 (27-4 m.) 50 (15-2 m.) 50 (15-2 m.) 40 (12-1 m.) 0
No. of shafts 1 3 2 1 3
Depth of shafts (ft.) 280 (85-3 m.) 230 (70-1 m.) 901 (274-6 m.) 205 (62-4 m.) 550 (167-6 m.)

172 (52 3 m.) 125 (38 m.) 270 (82-2 m.) (in-
130 (39-6 m.) clined)

360 (109-7 m.)
No. of working levels 3 3 10 2 4
Longest working level (ft.) 465 (141-7 m.) 2,900 (883-9 m.) 3,200 (975-3 m.) 6,000 (1,828-8 m.)
Width of stope (range) (ft.) 4 (1-2 m.) average 10-15 (3-4-5 m.) l4in.-6(0-35-1-8m.) 11-14 (3-3-4-2 m.) 24 (7-3 m.) average
Length of stope (average) (ft.) 465 (141-7 m.) 200 (60-9 m.) 150 (45 7 m.) 180 (54-8 m.) 200 (60-9 m.)
Drilling Dry jackhammers Dry jackhammers Dry jackhammers Dry jackhammers Wet drills

Hand steel Wet drills Wet drills Wet drills
Blasting in stopes End of shift End of shift End of shift End of shift End of shift
Blasting in chutes No chutes When required When required When required
Ventilation Natural draft Natural draft Natural draft Natural draft Natural draft plus

mechanical on one
level

Tramming Wheelbarrow; Battery locos Compressed air Hand - pushed Battery locos plus
hand - pushed and battery locos mine cars diesel on one level
mine cars

Crushing Surface Surface Surface Surface Surface (under-
ground after 1957)

Water pumped out of mine (Im- Quantity not 280 800-1,160 2,000
perial gallons/min.) known; mine was

very wet

major ones (Van Alstine, 1948; Snelgrove and
Baird, 1953; Carr, 1958; Newfoundland Fluorspar
Ltd., personal communication, 1962).
The modem phase of mining development began

in 1933. A summary of the main characteristics of
five of the mines is given in Table 1.

Initially, development was by open cut, using
quite primitive tools. Later, shafts were sunk and
the ore was extracted by standard underground
mining procedures. However, it was not until 1942
that wet drilling came into general use. Shrinkage
stoping methods were used until very recently when
cut-and-fill methods were adopted. Ore was usually
extracted from the stopes in approximately 6-ft.
(1-8 m.) lifts, this process being continued until the
stope reached the level above. In mine No. 3, con-
necting raises between levels were driven at the ends
of the stopes after the stope had reached a height
of 45 to 60 ft. (13-7-18-2 m.) above the drift level
(Carr, 1958). In mine No. 5, such raises were driven
before stope extraction began. Chutes were small,
and the flow of muck in them was frequently blocked
by large pieces of ore that required on-shift blasting.
All the mines were extremely wet, so that the men
had to wear rubberized clothing. Underground air
temperatures were approximately 45°F. (7 2°C.).

Ventilation was by natural draft, occasionally
assisted by small supplementary blowers. One major
exception to this was on the second level of mine
No. 5 where a diesel locomotive has been in use for
haulage since 1952. Approximately 10,000 cu.
ft./min. of air was supplied to this level by mechanical
means.

The spar was separated from the waste rock
mainly by sink-and-float methods, using a ferro-
silicon suspension. Froth flotation was used to a
limited extent.

Environmental Studies

Airborne Dust and Fluoride Measurements.-During
1956 and 1957, samples of airborne dust were collected
on membrane filters in five St. Lawrence mines and
analysed for quartz and calcium fluoride content by
means of x-ray diffraction. The results are summarized
in Table 2.

TABLE 2
QUARTZ AND CALCIUM FLUORIDE CONTENT OF AIR-
BORNE DUSTS IN FIVE ST. LAWRENCE MINES (1956-57)

Underground Surface
Operations Operations

No. of working places sampled 9 8

Quartz in airborne dust (5.):
Range 4-38 6-44
Mean 19 26
Median 20 25

CaF, in airborne dust (°/0):
Range 26-96 40-86
Mean 62 62
Median 64 59

In six mines, airborne dust concentrations were
determined by the midget impinger and standard light-
field counting technique; airborne fluoride concentrations
were determined by collecting samples in sodium
hydroxide solution and analysing them by a modified
Willard and Winter technique. A total of 180 individual
airborne dust concentration measurements were made at
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TABLE 3

AIRBORNE DUST AND FLUORIDE CONCENTRATIONS IN SIX ST. LAWRENCE MINES (1956-57)

Airborne Dust Airborne Fluoride

No. of Places No. of Places
Operation Concentration (m.p.p.c.f.) Concentration

SmldWhere Conc. _____ __ . ape Where Conc. (mg. F per in3.)5amabove t.l.V.* Range Mean Median above t.l.v Range Mean Median

Preparing to work, scaling,
loading holes 9 0 00-19-0 5-3 3-2 1 0 0-11

Drilling 21 5 11-43 0 15 5 11-0 17 0 0-00-1-72 0-49 0-34
Raising 1 1 85S0 0
Mucking and slushing

(scraping) 12 1 0-5-51-0 8-9 5 3 3 0 0-012-070 0-27 0 09
Pulling chutes 7 0 00-11-3 4-4 3-1 4 0 0-61-0-97 0 77 0-75
After blasting chutes 2 0 5-2-10-0 2 0 0-01-001
Crushing and screening

(on surface) 6 0 6-7-15-0 10-9 11-0 5 0 0 002-0-52 0-13 0.05
Sample preparation rooms 2 2 21-271 2 0 0-18-0-32

*t.l.v. (threshold limit value) for dust = 20 m.p.p.c.f. (millions of particles per cubic foot of air).
**t.l.v. for fluoride = 2 5 mg. F per ms.

60 different locations representing 15 different operations;
at nine of these locations, representing four different
operations, the average concentration was above the
American Conference of Government and Industrial
Hygienists threshold limit value. A total of 67 individual
measurements of airborne fluoride concentrations were
made at 34 different locations, representing 11 different
operations. Concentrations above the threshold limit
value were not found on any occasion. A summary of
these data is given in Table 3. Excluded from the table
are data for two infrequent short-time operations, where
dust concentrations as high as 710 and 24,000 million
particles per cubic foot of air were found.

Radioactivity.-Radon daughter concentrations in the
air of the working places in two underground mines
(Nos. 4 and 5, Table 1) and of the two surface plants were
measured in November 1959. Radon concentrations in
the same two mines were measured during a second visit
to the area in December 1959, but because of a damaged
instrument, simultaneous measurements of radon
daughter concentrations could not be made. Some
measurements of gamma fields were also obtained.
At the time that these measurements were being made,

a large part of the available ore in mine No. 5 had been
blocked off by a major fall of ground, so that operations
during this period could not be regarded as normal.

Measuring Techniques.-The method used for the
determination of radon daughter concentrations was that
described by Kusnetz (1956) and by Holaday et al. (1957).
This included drawing 30 to 50 litres of air (at a rate of
8 to 10 litres/min.) through a 1 in. (25-4 mm.) diameter
membrane filter*; measuring the alpha activity on the
filter, some time between 40 and 90 minutes after the
end of sampling, by means of a portable (6 lb. (2-72 kg.))
transistorized, battery-operated scintillation detector

(Transcint)* equipped with a ratemeter having ranges of
0-1,000, 0-10,000, and 0-100,000 counts/min.; then con-
verting observed counts per minute to total alpha-energy
to complete decay, per unit volume of air sampled, at the
time of sampling. Kusnetz found that, even under condi-
tions of extreme non-equilibrium, the use of his method
resulted in a maximum error of from 12% overestimation
to 7% underestimation of the total potential alpha-
energy to complete decay. These possible errors are small
compared with other uncertainties in estimating the
human hazard from breathing radon and radon daughter
products.
The Transcint was carried throughout the day in the

mine; readings were made whenever required at the
nearest convenient location. Repeated checks of the
instrument revealed no contamination. The efficiency of
the instrument, which was checked daily by the use of a
radium foil standard source, was approximately 33 %.

Samples for radon-222 measurements were collected
by admitting air through a membrane filter into an
evacuated aluminium chamber having interior dimensions
of 4i in. (114 mm.) diameter and i in. (19 mm.) depth;
the interior surface of the aluminium was covered with
white enamel. One side of the chamber was a lucite
window (sealed with an 'O' ring) coated on the inside with
zinc sulphide phosphor. The radon samples were counted
above ground, after the radon daughters had reached
equilibrium, by placing the lucite windows of the sample
chambers over a photomultiplier tube in a light-tight box.
After a few minutes in darkness had been allowed for
decay of phosphorescence, the activities of the samples
were measured with a ratemeter unit (or, in the case of
low activity samples, with a simple scaling circuit). From
these data, the concentrations of radon existing in the air
at the times of sampling were calculated (Simpson,
Stewart, Yourt, and Bloy, 1958).
Gamma radiation levels were measured by means of a

Geiger-type instrumentt, whose calibration had been

*Nuclear Enterprises Limited, Winnipeg, Canada, and Edinburgh,
Scotland.
tModel 408 Alpha-Beta Gamma Monitor, Universal Atomitics,

Westbury, L.I., New York.

*Type AA made by Millipore Filter Corporation, Bedford, Mass.
Reference here and elsewhere in the text of this article to specific
makes of equipment is for identification purposes only of the type
of equipment used and should not be construed to constitute a special
endorsement thereof by the Department of National Health and
Welfare.
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checked in the laboratory by means of a radium source.
The shielding around the tube was sufficient to absorb all
beta particles except those having an energy greater than
1 Mev (million electron volts).
The instrument was broken towards the end of the

survey before measurements could be made on the
bottom level of mine No. 5 where the highest radon
daughter concentrations had been found. Film badges
were therefore set up on stakes at two different locations
on this level of the mine and collected after periods of
exposure of two, four, and six weeks. Some of these
films were sealed in plastic envelopes to protect them
from moisture.
From May to December 1960, each worker in mine

No. 5 wore a film badge, which was changed each month.
No special precautions were taken to protect these films
against moisture, and no corrections were made for the
possible effects of humidity. All badges were supplied
and evaluated by the Radiation Protection Division,
Department of National Health and Welfare, Ottawa.

Identification oJ the Materials Sampled.-This was done
by determining the half-lives of two membrane-filter
samples. The rate of decay of one, measured between 130
and 350 minutes after sampling, indicated a half-life of
32 minutes; the rate of decay of the other, measured
between 65 and 300 minutes after sampling, indicated a
half-life of 33 minutes. These values are compatible with
those observed from known mixtures of radon daughters,
measured at comparable times after sampling.
The half-lives of three gaseous samples were found to

be 3 4, 3-6, and 3-85 days respectively. The half-life of
radon-222 is 3-825 days.

Further indirect evidence that the radioactive materials
in the mine atmosphere were radon-222 and its daughters
was provided when five water samples, collected at
various underground locations, were analysed by gamma
spectrometry at the laboratories of Atomic Energy of
Canada Limited, Chalk River (A.E.C.L.); the activities
of the samples decayed with a half-life of 3-8 days, while
the spectrum observed in each case was that of the radon
daughters.

Maximum Permissible Levels.-Although it is usually
easier, in the field, to measure radon daughters rather
than radon, no maximum permissible concentrations in
air ((MPC)a) for daughters alone has been established by
the International Commission on Radiological Protec-
tion (I.C.R.P.). However, Holaday et al. (1957) proposed
that 1-3 x 105 Mev of potential alpha-energy per litre
for radon daughters (RaA, RaB, and RaC) be used as a
suggested working level (SWL) for a 40-hour week ex-
posure. This is the amount of energy that will be released
by the decay, through RaC' of 100 pico-curies (pc) of
,each of these elements, and these are the quantities of the
daughter products that would be in equilibrium with
100 pc of radon.
The latest (1959) I.C.R.P. recommendations, which

establish an (MPC)a for radon (plus daughters 'to the
extent they occur in ulfiltered air') of 30 pc per litre, were
not released until after the completion of our field work.
Furthermore, the SWL proposed by Holaday et al. is still

being widely used to evaluate exposure hazards in uranium
mines in Canada and the United States of America. We
have therefore reported our data in terms of multiples, or
fractions, of the SWL of 1-3 x 105 Mev per litre for radon
daughters, and of the associated SWL of 100 pc per litre
for radon.
For occupational exposure to external gamma radia-

tion, the 1959 I.C.R.P. recommendations imply that the
whole body average exposure rate should not exceed
100 milliroentgens (mr) per 40-hour week, which is
equivalent to 2-5 mr per hour.

Data.-Radon and radon daughter measurements are
summarized in Table 4. For locations where more than

TABLE 4
FREQUENCY OF OCCURRENCE OF SPECIFIED

CONCENTRATIONS OF RADON-222 AND RADON
DAUGHTERS IN TWO ST. LAWRENCE MINES

No. of Locations at which Specified
Concentration Found

Concentration Ranges as
Fractions or Multiples Radon-222 Radon Daughters

of SWL*
Under- Under- Surface
ground ground

N.M.**- 0 30 2 5 17
0-31- 1-0 2 9 1
1 1 - 50 5 20 1
5-1 - 100 3 9

10-1 -100 3 6
>100 2 t

Total no. of locations 17 50 19
Total no. of samples 17 80 22

*SWL for radon = 100 pc/litre.
SWL for radon daughters = 1-3

alpha-energy per litre.
**N.M. = not measurable.

x 105 Mev total potential

one radon daughter sample was taken the concentration
values were averaged, and this average value was used to
assign this location to a concentration range.

In mine No. 4, the mean value of the average concentra-
tions of radon daughters found in all the working places
was 2 95 x SWL. The range of these average concentra-
tions was < 0 05 to 15-7 x SWL; the median was 0 77 x
SWL. The highest individual value was 27 x SWL.

Values of individual radon samples taken at four
different working places in this mine were 54, 123, 510,
and 1,250 pc per litre.

In the much larger and deeper mine No. 5, the average
radon daughter concentrations in nine accessible working
places (which included only one stope), which were
ventilated by natural draft, ranged from 0-4 to 8-0 x
SWL, with a mean of 3-6 and a median of 3-5. For five
other working locations, which were ventilated by
mechanical means, the range was 0 3 to 1-3, mean 0 7, and
median 0-6.

In non-working, unventilated areas of mine No. 5,
considerably higher radon daughter concentrations were
found, the highest individual value being 193 x SWL.

Values of individual radon samples taken in working
areas in this mine ranged from < 0-2 to 1,510 pc per litre
(average 490, median 297). The highest concentration
actually measured in a non-working area was 13,300 pc
per litre. However, on the basis of the comparative values
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TABLE 5

RADON-222 CONCENTRATIONS IN TWO MINES COMPARED
WITH RADON DAUGHTER CONCENTRATIONS AND
GAMMA RADIATION FIELDS MEASURED AT THE SAME

LOCATIONS

Location Rado222 Radon Gamma*
No. Raon-22 Daughters (mr/hr)

1 <0-2 x SWL** 2-1 x SWL*** 0 031-2

2 0-26 N.D. N.D.

3 0 5 0 5 N.D.

4 0-8 0 9 0-07

5 1-2 0 5 0-15

6 1-2 N.D. N.D.

7 2-7
2-6 4-4 0-06

8 45
2-7 2-7 N.D.

9 3-3 4-2 0-04

10 1-5
5.1 0-6 N.D.

11 6-4 N.D. 0-04

12 6-6 N.D. 0-07

13 27
12-5 4 5 N.D.

14 13-1 N.D. 007

15 11
8-9

1511 9-8 0-08

16 110 84 035

17 133 N.D. 050

*For maximum permissible exposure rate to gamma radiation see
text.
**SWL for radon-222 = 100 pc/litre.
***SWL for radon daughters = 1-3 x 105 Mev/litre.
N.D. = not determined.
Radon and gamma measurements were made simultaneously.
Radon daughter measurements were made two to six weeks

previously.
Where more than one radon daughter concentration is shown for

one location, the different values were obtained on different days.

of radon and radon daughters given in Table 5, it may be
roughly estimated that the radon concentration associated
with the radon daughter level of 193 x SWL previously
mentioned was 25,000 pc per litre.

In the two surface plants, radon daughter concentra-
tions were low, many being below the limit of detection
of the Transcint (about 0 05 x SWL). The only place
where the SWL was exceeded was inside a shaft bin
where the ore is dumped when it comes up from the
mine. Values of 0 9 and 1-6 x SWL were obtained here
on two separate occasions.

After completion of this work, further measurements
were made in one of the mines by an independent con-
sulting firm, who used an ionization chamber method for
measuring the activity of the radon daughters. In general,
their results confirmed our findings.
Gamma radiation dose rates, as measured by a Geiger

instrument, are given in Table 5. All were well below the
acceptable value of 2-5 mr/hr. The two highest values,

0 35 and 0 50 mr/hr, were obtained in an abandoned un-
ventilated drift on the second level in which water had
been dammed to a height of 3j ft. (1-06 m.); 0-35 mr/hr
was associated with a radon concentration of 11,000 pc
per litre at a point 100 ft. (304 m.) inside the drift
(location no. 16, Table 5); 0-50 mr/hr was associated
with a radon concentration of 13,300 pc per litre 180 ft.
(54-8 m.) inside the drift (location no. 17).

Values similar to those found at location no. 16 were
obtained by film badges on stakes at one location on the
bottom level of mine No. 5. The gamma dose rate here
was 120 mr/2 weeks (equivalent to 0-36 mr/hr), while the
average radon daughter concentration was 106 x SWL.
At another location on this same level, the gamma dose
rate as measured by film badges was 25 mr/2 weeks
(equivalent to 0-074 mr/hr).
None of the film badges worn by the miners indicated

exposures in excess of 20 mr/4 weeks. The limit of
detection for radium gamma rays using the film method
was about 20 mr.

Medical Studies

Medical studies have included the retrospective
analysis of collected mortality data and a detailed
clinical investigation of more than 380 employees
and ex-employees. The mortality data are reported
here.

Causes and Classification of Deaths among Fluor-
spar Miners.-Information about the deaths of the
inhabitants of the Burin Peninsula during the period
1933-61 was obtained from death certificates filed
with the Registrar-General of Newfoundland and
the Dominion Bureau of Statistics, and from parish
records. The deaths of permanent residents, which
occurred while they were temporarily absent from
this area, were also included. These data supported
the suggestion that a high incidence of lung cancer
had occurred among St. Lawrence men. All these
men had worked for the mining companies at St.
Lawrence, according to further information obtained
from census data, payrolls, company insurance
records, and interviews with mining company and
labour union officials. From these sources and from
questioning more than 380 mining and ex-mining
employees during a subsequent clinical investiga-
tion, information was obtained concerning workers
who had left the St. Lawrence area.
A total of 119 deaths occurred during 1933-61

among the approximately 2,000 men who had pre-
viously worked underground, on the surface, or in
an official capacity for the mining companies. One
death which occurred as a result of military action
during World War II was excluded. These deaths
were classified using the A-Intermediate List of the
World Health Organization International Classifica-
tion of Diseases (in use in Newfoundland since 1952)
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FIG. 2.-Classification of causes of death among men employees and ex-employees (surface and underground workers) of fluorspar mining
companies, 1933-61.

TABLE 6
DEATHS, BY CAUSE* AND AGE GROUPS, AMONG MEN EMPLOYEES AND EX-EMPLOYEES (SURFACE AND

UNDERGROUND WORKERS) OF FLUORSPAR MINING COMPANIES, 1933-61

4bo Diseases of

AGeo o E y .EEs

3510039 2 3 1 1
Age, 6) (3, 1(1,t 8 (

15-24 311 8 3 2 2 2 1 24

(1,___2) (1,___10)___(0,___8)____(1,___2) (0_2) 1, 1 (2, 1) (1, 0) (3, 19)

25-34 63 41 2 11 21 152

(6,0) (1, 0) (0, 2) (0, 1) ( 0,1) (1, 1 , (9, 6)

35-44 10j13 92 3 1 114132

(4l ) (3 0 (1, 8) (1,1 ) (1, 2) (0, 1) (1 ) (,3 (10, 22)

45-543nd11v8 2 2 21 24
(1,2) (1,10))(0,8)0()(1, 1) ( ) (1,0)

55kn4w 3 11 7 1 7 1 23
(2,( ) (1, 0)) (3, 1)

65-74 6 4 2 15 1 4 11

__6___ (1,3) ___0 ___(,) (1,41) (0,)(,1) 1 ) (2,9)
35andove13r92 3 11 73

__4_6_ (3,0, 18)__ (1, 2) (10, 1) (10,26)

Unknow 3 1 83 22 2 1 34

(11, 11) (7, 36) (1, 25) (1, 1) (1, 6) (5, 16) (0, 3) (1, 1) (2, 2) (6, 7) (4, 0) (37, 82)

First figure in brackets = 1933-51; second figure = 1952-61.
*1955 Revision A-Intermediate List, W.H.O. International Classification of Diseases.
**Included in total of 'all malignant neoplasms A-44-A-59'.
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and are summarized in the histogram (Fig. 2) by
selected cause and in Table 6 by selected cause and
age groups.
The medically certified cause of death was changed

in two cases on the basis of the pathologists' reports
on tissues obtained at necropsy. Both were changed
to malignant neoplasm of the lung. In a number of
cases no death certificate or death certificate diag-
nosis was available. Two such cases occurred during
the period 1952-61. One of these was classified as
leukaemia after the discovery of a pathologist's
report, and the other as pneumonia in a young man
on the basis of the Return of Death, a certificate
issued by the local clergyman in the absence of a
physician in order that burial might proceed. For
the uncertified deaths that occurred before this time
a probable cause of death was assigned, based on the
diagnosis made during the deceased's previous
hospital admission or on a Return of Death. In a
few cases the diagnosis was obtained from parish
records or as substantiated through further personal
enquiries among relatives and friends of the
deceased.
The principal causes of death in the group of 119

deaths are malignant neoplasms of all sites (43,
including 26 deaths attributed to lung cancer), tuber-
culosis of the respiratory system (22, including three
cases of pneumoconiosis), and diseases of the circu-
latory system (21). The subgroup of 26 deaths
attributed to lung cancer is of particular interest.

Clinical Data.-An attempt was made to obtain
all available clinical information on the deceased
mining employees. All hospital and out-patient
records in the hospital at St. Lawrence since its
opening in 1954 were reviewed. Subsequently all
hospitals in St. John's, to which patients were re-
ferred for special investigations or treatment, or to
which they were admitted before the establishment
of the local hospital at St. Lawrence, were visited,
and a similar search was made. The Tuberculosis
Dispensary in St. John's provided all available x-ray
films and the Department of Pathology Services
provided remaining tissues and other specimens for
further study.

Clinical histories of the mining employees who
died before 1952 were almost entirely unavailable,
and, of those who died after 1952, some were incom-
plete. Similarly, radiographs relating to only 32 of
the 119 deaths were obtained. This latter deficiency
was due in part to the fact that fluorspar miners
were radiographed only during the course of hospital
admissions and as voluntary participants during
tuberculosis surveys. In more recent years periodic
radiographic examinations have been instituted.

Table 7 summarizes the basis for the diagnosis of

lung cancer in 29 cases. These include the 26 deaths
that occurred during 1933-61, one death that
occurred during 1962, and two patients who were
still alive in 1962.
These 29 cases were divided into the following

groups:
Group 1.-Cases in which the diagnosis had been

confirmed by microscopical examination of tissue
obtained at necropsy or resection (16 cases).
Group 2.-Cases in which the microscopical proof

available was based on examination of the sputum,
bronchial aspirations, or pleural fluid, about which
very little doubt remained after radiological and
clinical investigation, e.g. bronchoscopy, broncho-
graphy, and thoracotomy (six cases).

Group 3.-Cases in which no microscopical
supporting evidence was available. However, clinical
and radiological evidence, including bronchoscopy
in three cases and thoracotomy in two cases (in
which inoperable masses were found), firmly
supported the diagnosis of lung cancer (four cases).

Group 4.-Unconfirmed cases for which medical
certificates are available, including one certificate
stating that the diagnosis had been verified (case
No. 24) but for which no clinical or other data could
be obtained (three cases).

Radiographic examination of case 24 revealed
probable malignant disease of the lungs but distinc-
tion between primary and secondary disease could
not be made on radiological grounds alone.

Deaths due to respiratory tuberculosis and other
malignant diseases were also reviewed in as much
detail as possible. One case (14) was suggestive of
pulmonary malignancy on the basis of broncho-
scopic and radiological examination; two sputum
examinations for malignant cells were reported as
suspicious, but biopsy material revealed only
'healed' tuberculosis and pneumoconiosis.
The cause of death for case 33 was given as

anaplastic carcinoma of the tonsil. Cases 31 and 32
were two mining employees who died of leukaemia.
Two cases had proven histories of malignancy of the
lip but died of causes other than malignant disease.

Further discussion in this section will be restricted
to cases in groups 1, 2, and 3, which include 26 cases
of lung cancer. The average age at death of the men
with lung cancer was 46-8 years with a range of 33 to
56 years. The necropsy rate was five in 26. Although
it was not possible to determine the exact site of
origin of the lung tumours, necropsy and clinical
investigations indicated that the sites of bronchial
involvement were grouped very approximately
around the hilar regions, with only one tumour (case
7) clearly indicated as peripheral.

10I
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TABLE 7

DEATHS FROM LUNG CANCER

Duration of Idcin LgproCase No. Year of Death Age Probable Site Underground PedutionLdapr
Exposure Perio (yr.)(yr.) (y.(r)

Group I
2 1952 56 Right anterior middle and posterior basic 13-58 17-75 0-423 1952 56 Right main stem bronchus 13-50 19-25 0-17
5 1953 50 Left hilar mass 10-67 16-17 0-25
6 1953 37 Right main stem bronchus 11-83 12-92 0-21
7 1953 53 Outer and middle zones right lower lobe 14-42 18-75 0 33
15 1957 40 Right hilar region 8-92 21 92 2-17
18 1958 53 Right main stem bronchus 15-00 24 58 5 58
19 1959 43 Left main stem bronchus 12-67 18-42 3-46
22 1960 33 Left main stem bronchus 9-42 12-50 2-17
23 1960 34 Right hilar region 12-92 17-75 0 5
25 1961 43 Right lower lobe bronchus 21-33 25-43 1-29
26 Living Left upper lobe bronchus 17-23 - -

27 1961 41 Left upper lobe bronchus 17-42 23-33 3-62
28 1961 55 Left hilar region - - -

29 1962 45 Left lung 15-17 20 50 2-17
30 Living Lateral to upper pole right 5 50 - -

Group 2
9 1954 50 Middle and lower lobe bronchi 10-08 11-50 0 54
10 1955 36 Right upper lobe bronchus 9 0 15-50 10
12 1956 44 Right hilar region 11-0 21-92 0-38
16 1957 55 Left hilar region 7-25 18-08 0-92
17 1958 56 Right hilar region 11-92 21-0 1 04
21 1959 56 Right lower lobe bronchus 14-42 17-83 0-42

Group 3
8 1954 45 Left peri-hilar region 8-92 18-42 2-17

11 1955 52 Right hilar region 12-92 21-5 4-38
13 1956 41 Right middle lobe bronchus 16-75 23-0 0-33
20 1959 49 Right upper lobe bronchus 10-42 25 0 7-83

Group 4
I 1949 39 Information not available 8-42 14-92 2-04
4 1953 62 Information not available 2-0 20 25 17-25
24 1960 63 Information not available 15-83 26-42 3 0

Group 5 (selected other deaths)
14 1957 46 Left hilar mass 15-0 21-58 1-12
31 1948 41 Myelogenous leukemia 8-08 3-25
32 1954 40 Acute lymphatic leukemia 1-58 0-5
33 1959 45 Anaplastic carcinoma of tonsil 3-58 22-08 13-33

The proportion of right to left sided tumours was
17 to nine (including case 29 for whom a bronchial
site of origin has not yet been determined). The
majority of the tumours in the right lung involved
the middle and lower lobes.
The incidence of active and old or 'healed' tuber-

culous lesions could not be determined with accuracy
from the clinical and radiological information.
Tuberculosis was, however, suspected on the basis
of radiological appearances in seven cases. In two
of these seven cases, and in four others, cavities were
suspected radiologically at one time or another. One
cavitating tumour was demonstrated. Evidence of
tuberculosis was found in the suspected case (14)
mentioned earlier, and in another proven case of
lung cancer a small area of calcification in the
tumour suggested the presence of a long-standing
inflammatory lesion with fibrosis.
The smoking histories for 20 cases were obtained

from the clinical histories and a number of sources
in the community. These revealed two non-smokers.

Available radiographs were reviewed separately by

Drs. A. R. Riddell and R. B. Sutherland, of the
Silicosis Referee Board of Ontario. The radiological
appearances were classified according to the system
employed in the examination of miners in Ontario.
The radiographs of 20 of the 26 cases in groups 1, 2,
and 3 (Table 7) were reviewed. Radiological
appearances that could be interpreted as being the
result of prolonged exposure to a dusty working
environment were present in four cases, suggestive in
three, and absent in 13. A detailed investigation of
the biopsy and necropsy material has not yet been
completed.

Occupational Histories.-For the period 1937-61
occupational histories were obtained and under-
ground exposures accurately calculated from half-
monthly payrolls. Payrolls for the period 1933-36
were destroyed by fire, but, with the help of census
data, a company report, and mining company
officials, the names and working histories of what is
believed to be all who worked during those periods
were obtained. Slightly exaggerated estimates of the
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duration of underground exposures for these in-
dividuals have been made. Intermittent surface,
mill, and underground exposure, interspersed with
periods of non-employment, was characteristic of
almost all the deceased and other employees. Expo-
sure to a dusty environment other than in the mines
of St. Lawrence is considered to be insignificant.
Between 1933 and 1961, 69 deaths occurred among

underground employees with more than 12 months'
exposure out of 630 such employees in the total
accumulated labour force. Except for one case (28),
all the deaths from lung cancer occurred in this
smaller underground population.
The average underground exposure for the

deceased miners in groups 1, 2, and 3 (excluding case

28 who had no underground exposure) was 12-5
years, range 5-5 to 21-3 years. The longest under-
ground exposure was that of case 25, an official who
spent between 50 and 70% of the usual eight-hour
shift in an underground environment. To a lesser
extent the duration of underground exposure of
several other individuals (cases 3, 13, 19, and 24)
was also affected by other surface employment. Case
28 spent nine months in the mill and 16-8 years in
the compressor house on the surface.
Apart from one case that was not diagnosed until

10 years after a one-year residence in Newfoundland
and hence was not reported in this study, the only
known cases of lung cancer occurred among those
who were from Newfoundland and who had lived in
the St. Lawrence area since birth.
Using the occupational exposure data, an induc-

tion period was calculated. This is the time between
the first underground exposure and death. Excluding
cases 26 and 30, who were still living, and case 28,
the average induction period came to 19 1 years with
a range of 11-5 to 25 years. The interval between the
last underground exposure and death, or the lag
period, ranges between 0-17 years and 7-83 years,
with an average of 1 8 years (excluding cases 26, 28,
and 30).

Proportional Mortality Ratio.-An attempt was
made to determine the differences between the
number of deaths observed among mine employees
and the number expected on the basis of the mor-
tality experience for malignant neoplasm of the
trachea, bronchus, and lung in the Province of New-
foundland as a whole. For this purpose age-specific
proportional mortality ratios (P.M.R.) were cal-
culated. The P.M.R. as used here refers to the ratio
of 'all deaths due to lung cancer in Newfoundland
less deaths due to lung cancer among St. Lawrence
workers' to 'deaths due to all causes in Newfound-
land less deaths due to all causes among the fluorspar
workers'. From these P.M.R.s an expected mortality
for lung cancer was derived for the deaths of 71
mine employees that occurred during 1952-60. The
expected and actual deaths were compared, and
ratios were determined for all ages and specific age
groups (Table 8).
The observed incidence of lung cancer was 28-76

times the expected for this group ofmining employee
deaths. In the Newfoundland population, the maxi-
mum incidence occurs between the ages of 55 and
64; in the St. Lawrence population, a shift to a

younger age group is indicated.
The method suggested by Doll (1958) and two

other possible methods for estimating the relative
risk gave values of 40 4, 33-8, and 25-5, respectively.
Because of the relatively small number of deaths
from lung cancer among the Newfoundland popula-
tion, the comparatively small number of deaths due
to other causes among the St. Lawrence miners, and
an excess of lung cancer deaths among this group,
the more conservative calculation of relative risk
(28'76), as described above, has been preferred.

Mortality Experience of St. Lawrence and a

Control Community.-To investigate the relationship
between the incidence oflung cancer among fluorspar
mining employees and the mortality experience of
the entire community of St. Lawrence, population

TABLE 8
EXPECTED AND OBSERVED DEATHS DUE TO MALIGNANT NEOPLASM OF THE TRACHEA, BRONCHUS, AND LUNG (A50)
AMONG MALE UNDERGROUND AND SURFACE MINE WORKERS AT ST. LAWRENCE, NEWFOUNDLAND, 1952-60

INCLUSIVE*

Number of Deaths All Ages 15-24 25-34 35-44 45-54 55-64 65-74 75 +

a. Deaths from all causes, Newfoundland, less
deaths among St. Lawrence miners (1952-60) 15,264 385 432 602 984 1,545 2,814 3,570

b. Deaths due to malignant neoplasm of trachea,
bronchus, and lung, Newfoundland, less
deaths due to this cause among St. Lawrence
miners (1952-60) 157 1 4 18 29 61 31 13

c. Deaths from all causes, St. Lawrence miners
(1952-60) 71 - 5 19 17 16 9 5

Expected deaths, St. Lawrence x c) 0-7303 - 0-0463 0-5681 0-5010 0-6317 0-0991 0-9182
Observed deaths, St. Lawrence (1952-60) 21 - 2 6 8 5 - -

Ratio of observed deaths to expected deaths 28-76 - 43-20 10-56 15-97 7-92

*Cases in categories 1 to 3 only.
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and mortality data for 1952-59 inclusive were col-
lected. To examine the differences between the
population characteristics and the cause of death
data of St. Lawrence and those of other parts of the
Province, data were also collected for Newfoundland,
Burin Peninsula, and the town of Grand Bank.
Grand Bank lies on the western coastline of the

Burn Peninsula, approximately 30 miles by air
north-west of St. Lawrence. These two communities
have many characteristics in common and lie in the
same geographical region, but the inhabitants of
Grand Bank have at no time taken part in the fluor-
spar mining industry at St. Lawrence. It is for these
reasons that Grand Bank was selected as a control
community for all phases of the study.

Comparisons were made between the data for St.
Lawrence and Grand Bank, between St. Lawrence
and 'Newfoundland less St. Lawrence and Grand
Bank', and between Grand Bank and 'Newfoundland
less St. Lawrence and Grand Bank'. In these
comparisons reference was made to population
characteristics by sex and age groups (Table 9),
eight-year death rates by sex and age groups, and
deaths by age groups for certain causes (Table 10).
Broad age groups were used throughout this analysis
because of the small numbers occurring in the
mortality data for St. Lawrence and Grand Bank.
Although the total population of St. Lawrence

(2,078) is comparable in size to that of Grand Bank
(2,430), there were differences in the distribution of
the population in certain age groups. Of particular
interest is the smaller proportion of males in the age
group 20-64 years in St. Lawrence as compared with
both Grand Bank and Newfoundland as a whole.
On the other hand, the male death rate for St.
Lawrence in this age group was significantly higher
than that for either Grand Bank or Newfoundland
(119-0 per 1,000 population as compared with 50'7

and 36 6 per thousand, respectively). The death rates
for St. Lawrence females in the age group 'all ages'
are significantly lower than those for Newfoundland,
which, in turn, are lower than those for Grand
Bank.
The selected 'cause of death' groups, by age group

for the male populations of St. Lawrence and Grand
Bank, are given in Table 10. Ninety-six male deaths,
including 58 mine employee deaths, among both
surface and underground workers, occurred in St.
Lawrence during the period 1952-59. Grand Bank
had a total of 98 male deaths in the same period.
Major differences occurred primarily in the two

cause groups, 'tuberculosis, including silicosis' (Al
and 523) and 'malignant neoplasm of all sites'
(A44-A59). However, when the sub-group 'malig-
nant neoplasm of trachea, bronchus, and lung' (A50)
was excluded from 'malignant neoplasm of all sites',
the differences in this latter group became negligible.
In the sub-group 'malignant neoplasms of trachea,
bronchus, and lung', the number of male deaths
observed in St. Lawrence in the age group 20-64
years was very much higher than expected on the
basis of comparisons with Grand Bank and with
Newfoundland.
There were no important cause group differences

between the female population of St. Lawrence and
Grand Bank or of St. Lawrence and Newfoundland.
Some differences occurred when the data for females
of Grand Bank were compared with those of New-
foundland, but these did not involve malignant
neoplasms of the trachea, bronchus or lung.
These comparisons revealed no differences of

importance to the present study other than those
which can be directly related to the male population
in St. Lawrence. Further analysis of the data showed
that, in the male age group 20-64, tuberculosis of
the respiratory system, including pneumoconiosis,

TABLE 9
POPULATION, BY SEX AND AGE GROUP, OF ST. LAWRENCE, GRAND BANK, AND NEWFOUNDLAND

(According to the 1956 census data)

Number Per Cent.

St. Lawrence Grand Bank Newfoundland* St. Lawrence Grand Bank Newfoundland*
Males

0-4 219 154 31,560 20-7 13-1 14-9
5-19 386 411 70,317 36-4 34-9 33-2
20-64 420 513 97,327 39*7 43-6 46-0
65 years or over 34 98 12,466 3-2 8-3 5 9

All ages 1,059 1,176 211,670 100-0 1000 1000

Females
0-4 177 145 31,119 17-4 11-6 15-6
5-19 397 444 69,241 39-0 35*4 34-8
20-64 411 558 86,486 40-3 44.5 43-5
65 years or over 34 107 12,050 3-3 8 5 6-1

All ages 1,019 1,254 198,896 100-0 100-0 100-0

*Newfoundland less St. Lawrence and Grand Bank.
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TABLE 10

105

MALE DEATHS, 1952-59, BY AGE GROUP FOR CERTAIN CAUSES IN (a) ST. LAWRENCE AND (b) GRAND BANK

Age (yr.)

Cause of Death 0-4 5-19 20-64 65 and Over All Ages
Tuberculosis of respiratory systems (including silicosis) (a) - - 13 - 13

(b)--2 1 3

All other infective and parasitic diseases (a) 1 - - - I
(b) 3 1 1 - 5

All malignant neoplasms (a) - 1 23 2 26
(b) - - 5 7 12

Malignant neoplasm of stomach (a) - 1 - 1
(b) - - 3 4 7

Malignant neoplasm of trachea, bronchus, lung (a) - - 16 - 16
(b) - - _ _ -

Leukemia and lymphosarcoma (a) - 1 1 - 2
(b)- _ - 1 I

Malignant neoplasm excluding trachea, bronchus, and lung (a) - 1 7 2 10
(b) - - 5 7 12

Diseases of nervous system and sense organs (a) - _ 1 3 4
(b) - - 2 11 13

Diseases of circulatory system (a) - _ 8 10 18
(b)- - 9 19 28

Diseases of respiratory system (a) 6 - - 1 7
(b) 5 - _ 4 9

Diseases of digestive system (a) - _ 1 - 1
(b) 1 1 - 2

Diseases of genito-urinary system (a) - - _ 2 2
(b) - _ _ 3 3

Congenital malformations (a) 4 1 _ - 5
(b) 3 - _ - 3

Accidents, poisonings, and violence (a) - 2 4 - 6
(b) 2 1 7 1 11

All other diseases (a) 9 - - 3 12
(b) 6 _ - 3 9

Ill-defined and unknown causes (a) 1 _ _ _ 1
(b)- - _ _ _

All causes (a) 21 4 50 21 96
(b) 20 3 26 49 98

affected primarily mining employees, whereas lung
cancer affected only mining employees.

Discussion

Accuracy of Diagnosis.-The comparatively high
tuberculosis mortality among St. Lawrence miners
(the radiological and other findings suggesting tuber-
culous infection in men eventually dying of lung
cancer) together with a low necropsy rate for the
series suggest the possibility of an appreciable under-
diagnosis factor. However, the influence of such a
factor on the apparent incidence of lung cancer in
St. Lawrence during 1952-61 has been considerably
offset by medical awareness of the problem, prompt
referral and investigation of all suspected cases in a
large hospital centre, the comparatively short
average underground exposure of men with respira-

tory tuberculosis (6-87 years for seven miners), and
the certain expectation of a number of cases of
tuberculosis among individuals exposed to the com-
plicating effects of prolonged (and for long uncon-

trolled) underground dust exposure. As a con-

sequence of the exclusion of group 4 (Table 7) the
probability of overdiagnosis is slight.
The more frequent reliance on diagnoses obtained

from Returns of Death and the high tuberculosis
mortality in the general population of Newfoundland
(457 per 100,000 population in 1933; 197 per 100,000
in 1951, all ages and both sexes) increases the prob-
ability of underdiagnosis of lung cancer during
1933-51. During this period only one case was

diagnosed but was placed in group 4 because clinical
evidence was lacking.
The extent of over- and under-diagnosis in the

Province of Newfoundland as a whole is subject to
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similar influences. Possible differences between the
accuracy of diagnosis in St. Lawrence as compared
with other parts of Newfoundland probably dimi-
nished with the provision of improved medical care

facilities to all parts of the Province. This opinion
is supported by the findings of the Cancer Incidence
Committee, a committee organized in 1956 to study
the incidence of cancer in Newfoundland in co-
operation with the National Cancer Institute of
Canada. It was the opinion of the committee that
very few cases of cancer were missed during the
period of its study (1956-61) (personal communica-
tion from Dr. A. J. Phillips, National Cancer
Institute of Canada).
The mortality rate (Canadian Vital Statistics

Reports) for lung cancer among males for the same

period (1956-61) was 0-11 per 1,000 population for
Newfoundland as compared with 0-24 per 1,000
population for the other provinces of Canada (basedr. ,r -- --- r

on annual population estimates) an
population for St. Lawrence (based
Table 7, and the 1956 census).

Earlier Age at Death of St. Lawi
addition to an increased incidence (
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selectively greater susceptibility to the disease in
younger men; to a relationship between the age at
first exposure to risk and the age at onset; or some
combination of these factors (Case, Hosker,
McDonald, and Pearson, 1954). We do not believe
that any significant differences exist with respect to

survival time between our series and others. The
effect of age on susceptibility will be explored more
fully in the detailed occupational mortality study.
For all practical purposes, the data suggest that the
age at death is entirely dependent upon the age at
entry into risk (Fig. 3). Whether this is due to an
association between dose, in terms of accumulated
duration of underground exposure, and survival
time (with the data in their present form no such
direct association could be demonstrated), to a simple
threshold effect or a combination of factors is
uncertain.

id 2-33 per 1,000 Inhalation Hazards.-An inhalation hazard is
on groups 1 to 3, suggested by the distinct hilar distribution of the

tumours and the greater involvement of the right
lower lobe, which normally receives the greater

rence Cases.-In portion of the tidal volume (Altman, 1958).
of lung cancer at Nickel, chromium, beryllium, yttrium, samarium-
n a shift in the 147, and uranium are very minor constituents of the
anger age groups rock and ore. In the concentrations found, their role
d population. An as site potentiators or producers of cancer is uncer-
D a more limited tain. So, too, is the chemical action of calcium
ie disorder; to a fluoride. Furthermore, no importance can at present

be attached to the presence of silica or pneumo-
coniosis other than that the latent period for the

0 development of pneumoconiosis appears to be longer
0

than that for the development of lung cancer.

0 0 /," Exposure to radon and its daughters appears to be
/' the most important single hazard.

o / 0 Source of Radon.-Uranium and radium must be
present in the area to account for the radon, but so

' far the only evidence of their presence has been the
detection, in only one out of 16 representative rock
samples, of an amount of radioactivity equivalent to
less than 0 005% U308. This suggests that most of
the radon is not being emanated directly into the
mine air from radium in place in the exposed rock
walls but is being carried in by some other means.
This appears to be the mine water, which has always
been plentiful in all mines. Calculations involving
the total open space in mine No. 5, the total esti-
mated number of air changes per day, and the
estimated daily flow of water through the mine (as

50 55 60 these factors existed at the time of our study) indicate
H that if each litre of water gave off to the air approxi-
h (excluding cases 1, 4, mately 6,000 pc of radon, the concentration of radon
iofY on X (r = 091); in the air of the whole mine would be maintained at
an average induction

100 pc per litre. Samples of water taken at the main
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sump on the bottom level and at a dam on the second
level contained 4,240 and 12,850 pc of radon per
litre, respectively. By the time the water had reached
the sump and the dam, much of it had travelled
many hundreds of feet in open places in the mine
and had probably released much of its radon to the
air. It thus seems reasonable to conclude that the
immediate source of the radon in the mine air is the
mine water.

Average Concentration of Radon Daughters.-The
older mines in the area had been closed and allowed
to flood before we began our measurement of radia-
tion levels. Until these mines are de-watered and re-
opened and radiation concentrations are measured,
there is no basis on which to decide whether their
concentrations of radon and radon daughters were
higher or lower than those in the mines we did
measure. Lacking evidence to the contrary, we are
assuming that their levels of radioactivity were of the
same order of magnitude as those we measured. On
the basis of our present knowledge, the fact that no
radioactive ore bodies have been found, and the
average concentrations for mines Nos. 4 and 5 cal-
culated in the 'Data' section of this report, it is sug-
gested that the St. Lawrence miners were probably
exposed to an average radon daughter concentration
intherange25 - 10 x SWL(3-25 - 13 x 105 Mev
per litre).

Comparison of Data with those from Other
Areas.-A comparison of the more important
findings relating to St. Lawrence, Jachymov and
Schneeberg, and the uranium mines of South Africa
and the United States ofAmerica is given in Table 1 1.
The incidence of lung cancer at St. Lawrence, as a

percentage of miner deaths, ranges between 33 3 0%/
(23 of 69 underground miner deaths 1933-61) and
45-1 % (23 of 51 underground miner deaths 1952-61).
From a study of data that had been published

previously by others, Evans and Goodman (1940)
calculated the average radon concentration in the
mines of Jachymov and Schneeberg to be 2,900 pc
per litre. In the review by Lorenz (1944) of avail-
able data for these areas, reference was made to 781
deaths (excluding necropsy series) which occurred
among miners between 1875 and 1939. Of these,
336 or 43 % were due to lung cancer. However, only
116 of these deaths occurred during 1921-39, accord-
ing to reports by Rostoski and others (1926) quoted
by Lorenz (1944), Hueck (1939) quoted by Lorenz
(1944), and Peller (1939). Of these, 60 or 51-7%
were due to lung cancer.
The average duration of underground or radium

factory exposure of nine cases from Jachymov, as
described by Pirchan and Sikl (1932), was 17 years
(range 13-23); the time between the beginning of
work in the mines and death from cancer was from
15 to 43 years (average 25 years); the age at death

3LE 11

COMPARISON OF ST. LAWRENCE, JACHYMOV AND SCHNEEBERG, COLORADO PLATEAU, AND SOUTH AFRICA DATA

Fluorspar Mines Uranium Mines

St. Lawrence Jachymov and Schneeberg Colorado
Plateau South Africa

Dead-end Ventilated Abandoned Working Working Working
Areas Areas Mine Mine Mines Mines

Radon (pc per litre)
Average 2,900'
Range 270-25,000* <5-1,510 ?-54,0001 360-18,0003 70-59,0007 25-500'

7-7,000'
Radon daughters (multiples of 1-3 x 10'

Mev per litre)
Average 2 5-10**
Range 0-4-193 0-12

Gamma radiation (mr./hr) 0-03-0'50
Incidence of lung cancer as % of miner 33 (1933-61) 43 (1875-1939)' 11-48 3-59

deaths 45 (1952-61) 52 (1921-39)4
Duration of underground exposure (years)
Average and range 12-5 (5-5-21-3) 17 (13-23)5 7, 8, 9, 10, 12 17-3 (3-30)10

Induction period (years)
Average and range 19 1 (11-5-25-0) 25 (15-43)5

Age at death (years)
Average and range 46-8 (33-56) 50 (40-67)6 58-2 (45-73)9

55 (37-69)'

*Estimated, on basis of highest radon daughter concentration found.
**Estimated.
'Rajewsky (1939), quoted by Lorenz (1944); measurements made

between 1936 and 1939.
"Evans and Goodman (1940).
'Ludewig and Lorenser (1924) quoted by Lorenz (1944).
'After Lorenz (1944).
'Nine cases-Pirchan and Sikl (1932).

3

'Thirteen cases-Rostoski and others (1926) quoted by Lorenz
(1944).

7Holaday et al. (1957); data collected in 1952.
'Miners with three or more years underground experience-five

cases-Archer et al. (1962).
9 Oosthuizen et al. (1958).
"Based on 14 of 23 cases reported by Oosthuizen et al. (1958).
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ranged between 40 and 67 years (average 50 years).
The average age at death of 13 cases from Schnee-
berg described by Rostoski and others (after Lorenz,
1944) was 55 years (range 37-69 years).
In 1952 the range of radon concentrations found

in uranium mines in the United States of America
was 70-59,000 pc per litre (Holaday et al., 1957).
These figures are given to indicate the range that is
known to have occurred; they do not necessarily
reflect present-day working conditions. Large-scale
mining of uranium ore in the United States started
during World War II, but the number of miners in-
volved at first was only a few hundred. Lung cancer
accounted for five of 44 deaths, or 114%, among
907 white underground miners aged 20 years and
over and with three or more years of underground
uranium mining experience as of 1957 (Archer,
Magnuson, Holaday, and Lawrence, 1962). The fact
that the uranium mining industry in the United
States is still a comparatively recent one, and the
difficulties associated with observing and interpreting
findings concerning a highly mobile group of miners,
emphasize the opinion of Archer and others that it
is still too early to define with precision the health
status of uranium miners in the United States.
According to Oosthuizen, Pyne-Mercier, Fichardt,

and Savage (1958), radon concentrations in South
African gold and uranium mines were of the order
of 25-50 pc per litre of air in areas where the uranium
content of the ore is unpayable with occasional
values of 200-300 pc per litre. In areas where the
ore is payable, the radon concentrations were of the
order of 100-500 pc per litre of air. The large amount
of ventilation required in their mines might be
thought necessarily to lead to low radon and
daughter concentrations; however, as Oosthuizen
points out, this supposition may not be correct, for
the operation of other factors, such as long intake
airways, series ventilation, and low air-change rates
may all have the net effect of allowing considerable
radon and daughter concentrations in many working
areas. High ventilation standards have, however,
been maintained for a considerable period of the
more than 60 years of mining operations in these
South African mines. Uranium oxide associated
with gold occurs in the conglomerates at various
horizons of the Witwatersrand and other systems.
Although uranium production did not start until the
early 1950's, it can be assumed that the potential
hazards associated with the presence of uranium ore
existed since virtually the beginning of the gold-
mining industry in South Africa.
The incidence of lung cancer, as reported by

Oosthuizen et al. (1958) on the basis of a series
of necropsies on miners, was 3-5% or 23 cases
among 650 necropsies, as compared with 5-4% of a

series of 500 consecutive non-miner, male necropsies
at the same hospital. There appeared to be no sig-
nificant differences between the two series as far as
average age at death and maximal age at death were
concerned. No increased incidence with increased
length of service or increased incidence with in-
creased degree of silicosis could be demonstrated.
While the defects inherent in necropsy series and
discrimination against the elderly silicotic were ad-
mitted and discussed, the authors concluded that
radioactivity of the air in the South African mines
did not represent a serious health hazard.

This opinion is to some extent supported by many
years of necropsy experience in that country. On the
other hand, the hazard associated with the higher
radon concentrations found in the payable ore areas
of the gold mines cannot as yet be fully evaluated
because of the comparatively recent emphasis on
uranium mining in South Africa.

In Colorado, Jacoe (1953) measured radon con-
centrations in a number of non-uranium mines.
Samples were usually collected at the working face.
The highest values found in three of the 30 metal
mines studied were 2,100 and 1,200 pc per litre
(ventilation stated to be poor in both cases) and
575 pc per litre (mine said to contain small, uneco-
nomic quantities of pitchblende). Concentrations in
the other 27 metal mines ranged from 10 to 340 pc
per litre. In 12 clay and coal mines, concentrations
ranged from 0 to 540 pc per litre. In New York
State, Harris (1954) investigated 14 underground
workings, including a cavern, an abandoned mine,
and iron, talc, gypsum, and rock-salt operating
mines. Sampling was done primarily in dead-end
drifts where the ventilation was said to be effectively
zero. The highest radon concentration found was
110 pc per litre in the cavern; in the mines, values
ranged from 0-1 to 40 pc per litre. No clinical in-
formation is at present available for these areas.
The data in Table 11 suggest that there may be

some association between the average levels of radio-
activity in the air and the incidence of lung cancer.
Assuming the validity of these comparisons and
using the duration of exposure, induction period,
and age at death as a measure of the severity of
'risk', the differences noted between the St. Lawrence
data and those for Jachymov and Schneeberg be-
come of interest. These differences may be due in
part to the more accurate computation of the dura-
tion of exposure that was used for the St. Lawrence
miners. They may be altered by consideration of the
effects of a younger age at entry into risk, considera-
tion of inaccuracies inherent in the use of the
incidence of lung cancer as a percentage of total
deaths, and by a more accurate estimate of the
average concentration of radioactivity to which the
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St. Lawrence miners were exposed. This latter factor
will require more measurements in stopes under con-

ditions of ventilation similar to those that existed
before mechanical ventilation was installed and, if

possible, measurements in mines that are now closed.
Such factors are being investigated.

Conclusion

The data presented support the hypothesis that an

occupational factor is involved in the aetiology of
lung cancer among the fluorspar miners of St.
Lawrence, at least as a precipitating or site-potenti-
ating factor. The most important single or con-
tributing factor known is exposure to relatively high
concentrations of radon and its daughters in the
mine air.
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