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RADON LEVELS FOUND IN MINES IN NEW YORK STATE®

By
Saut J. Harms

The purpose of this paper is to present the results of
a study of the levels of air-borne radivactive substances
in various underzround working places in New York
State. These include operating mineral mines, an
abandoned iton mine, and a sight-séeing cavern. none
of which is aszociated with any known uranium deposit.

The study indicated the possible presence of radon and
radon daughters in the air of any mine in amounts in
excess of accepted standards for maximum permissible
concentrations. Re-evaluation of these standards was
indicated.

Previous studies of tadon levels in non-uranium mines
4 the Colorado nlateaui 1) have indicated that concentra-
tiuns comparable to those found in the uranium mines in
that area by Holaday and associates could be expected.
The reports on the Colorado studies raised the question
whether this situation was peculiar to that area. For
this reason. it was decided to sample some underzround
operations in New York State to determine whether levels
of this order could be found in non-uranium mines, in
;egions not known to contain profitable uranium deposits.

.
AfxinG 18 NEw YORK STATE
Coveral asolozical studies had failed to locate any ap-

. preciable deposits of uranium cre in New York State up

to the time of this investization(2.3). Other minerals have
been recovered {rom open-pit and underground workines
within the state for many vears, the main product being
cement. although magnetite, gypsum, tale, <alt, hematite,
limestone. clay, slate. and zinc are mined in smaller
quantities. At the time of this study there were 22 active
anderzround mines and many more open-pit aperations.
In addition, many abandoned mines may still Le entered
and are Leing used for the growing of mushrooms or for
underground storage.

Fizure 1 thaws the lncation of the work laces included
in this study. Samples were taken theonghout the State,
in at least one underyzround mine of vach type still in
operation. The depths varied from 35 feet (10 m) to
more than 2,000 feet (609 m) helow the <urface ol the
sround. Some of the mining is of the pillar and room
tyje operation, and tome ores are recovered by drift

* Part of thiy paper wag prosonted at the Anmeal Moting of the
Snanican Iadustrisl Hygione Assegiation in OV wen, 11, on Apnil
19, 1564 and repuntad from the AN A Aihines of Industrial
Hygrne anid Oheupstiinal Mulicing, 10, 54, 1954,
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mining. Althouzl; the quality of the ores is generally
excellent, the quantities obtained are small, and the num-
ber of workers invclved number in the few hundreds.

Mininc POPULATION

Many of these operating mines have been worked con-
tinuously since the Civil War, and hence. the mining
population of the district can trace its history through
several generations. Any radiation esposure conditions
found today would indicate the possibility of past and
continued exposure to small communities for several
generations.

In addition, medical data are available on many of
these groups as a result of past occupational exposure
studies on silicosis by the Division of Industrial Hygiene
and others(4). Suitable engineering methods were de-
veloped to contral silicosis as a result of these earlier *
studies, although no measurement of radiation exposures
had been sttempted prior to this time.

The on-the-spot analysis of collected dusts indicated
that the air-borne radicactivity was essentially short-
lived, alpha-emitting material. The hall-life, after a
few moments, was approvimately 30 minutes. A pos-
sibility of thoron and its decay products existing in some
small degree has nat beea completely ruled out. How-
ever, for the purpose of this study, the radioactive mate- ‘
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MONTHLY REVIEW somed that the decay products were essentially in
e uilibrium with any radon present. The dust loading of

of the inert nuclei in the air may also influence the measure-
Division of Isoustriar Hyciene ment of radon when sampling for the decay products.
e s Some minot deviations betaeen the value of the ra
NEW YORK STATE concentration using the flask method and the dau:hter
DEPARTMENT OF LABOR ' oduct analysis might be explained in this manner.
50 Cextae SreEpt '::::::1,‘ r::' apportunity to make a test of this hypothesis .
New Yorx 13, N. Y. '
— Samere TECHNIQUES
EDWARD CORSI Sampling for air-borne material consisted of fliering
Indusinal Commuioner Aust with Whatman No. 41 filter paper and the simul-
EDWARD A NYEGAARD 1aneous collecting of gaseous components directly in
Deputy Imguinal Commissioner in Charge standard one liter 2lass flasks obtained from the New
MICHAEL ]. CHIUSANO York Operations Office of the Atomic Enerey Commis-
Deputy Indusirial € mmitsioner sion. The filter-paper sample was counted immediately
BERTHA ) DIGGS with the use of a Samson Alpha Survey meter cartied
‘ Secretary down into the mine for this purpese. (No indication of
The Divinion contamination of the instrument which could rot be ad-
IR B g e f .t aper e -
A DY S e R instantancous readinzs of ter-paper sam
‘\\%t«'ﬁﬁl s't::.t-miti..?;::‘: '{:.'.'.'" dicated the presence of appreciable quantities of radon
LEONARD A PERRIN, Engneering Usit 2uiding Puass davehters, samples of the ground water and the ore were
e collected and later analyzed for the parent Radium 226.
o The*lower limit of sensitivity of the collecting system
rial in the dust samples was considered to consist essen- using the filter paper was in the order of 107 curies pet
«i3}ly of Radon 222 decay products in the Uranium series. liter of radon and the upper limit was approximately 107

Table I is 2 tabulation of this series showinz the decay cuties per liter. The dust was collected using two differ-

earlier ditintegration of products in the series beginning alisarption of alpha particles in filter paper. The sceond
with Uranium 238. The radun decays throuzh a series

products, their halilifes, and their principal radiations. ent sources of air movement: an MSA Samplair hand
pump or a battery-operated Gast pump. Usipg the
TABLE U—URANILM SERIES (1% - B o Samplair. dust was collected from a volume of 30 Yiters
_ Decsy Peoncioal for a period of two minutes. The batterv-operated pump
e o R e — e collected 3 sample from 50 to 73 liters for 3 period of 10 o
- T 1 & o0 yr,  A0N i
L Crsinn . it ue | A o minutes. :\Il’ukulni_cm have been corrected for the
Pae Vranam Xy 134 s fors  Gemms difference in lime mrnnd to collect these samples. T
w;' - :;u:l:.:n 1 :?5";' - r:ﬁ: ﬂ.:s!;; were later anal yzed directly for radon at the New
¥ /0
TR+ A Vel Opteaticts O,
= i -
b R C 197 min All types . Resurts y
ooy A Rl - - The concentrations of radon in these mines were detet-
Fome Ha D 32 v Hain Osmms mined from the collection ‘methods mentioned above.
Lo . A s The dust samples of the daughter products were used t0
1 Rs G Sratie = calculate radon levels by two methods. The frst
‘ . i ) . K consisted of a straizhtforward conversion from disinte- *
l Radan it a gas evolved durinz the disintezration of its srations per minute per liter to curies per liter using
’ parent, Radium 226, which has Leen formed through the correction factars far collection efficiency ana for self -
|
|

of other isotopes 10 stable lead.  These dauchter isot . { BLE 11-RADON CONCENTRATIONS IN MINES
‘ apparently adhere 10 the eolid dust nuclei in the ra DI LLLE L L S
’ stmasphere.  Recent considerations of the hazard from e F pms coragr & 3 i Curies 37 1w
radon indicate that the hazard potential of these daughter e e
products is appreciable and may contribute the greater I i 212 TR B
part of any exposure delived 1o the Lronchial epithelia. € lren Mine €9-113 A3 8 3. 3t
The ratio of there decayed !“""‘“’“ to the original :" I'!'v-:cl\-'o':'\ln-' ;:::l :: e Tosg 10 Enuntong .
quantity of radon is influcnced in part by the ventilation ey A T S 13 E
in the area sampled(3). Since a large part of the hazard 3 Tl Mine oe.18  we.12 08 |
dejends pos l?:;‘¢ presence of 'l‘:\cw decay products, it | ot :‘;.:; g s Q-+ 81 . w
would similarly nd upun their ratios to the parent N Zine Mine o " 63)
and to each ot’her. p;'or ﬂl;?s teason, any sampling of the b e e I et et b} o
air for the decay products, in order to estrapolate the X Ahandoued Mine we vgteeabis sording 00}
findings to determine the quantity of radon present, must T Thres hgnres ronseried diveerly fram dointsgration (e mineie
reengnize ll)?dmn?! for determining llh‘c’ \'rmilal‘ion ::n L T g A oAb g e T‘.,:‘,”.‘.',,, o b poonen fgute o
ditions. ad end drifts were sampled prinwrily where weing & fureis declaed b v 3 Herdey (NYOD VEO).
the ventilation was effectively mo.‘ aud‘il could be as- w.'-’}f.: ¢ e :':.:..7.-‘-:."‘.-;3:' G
38
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caleulation used a formula developed by Dr. John Har-
by of .the New York Operations Office (AEC.) for
thie came purpnse(s)  The two calculations azreed rea-
eorably well with each other and in some instances ex-
ceptionaliv well with the concentrations as determined
by the direct method. This direct method, using the one
liet ulass facks. was considered the more reliable
t -rnique for the measurement of radan concentrations
for this study.

The resuits of these calculations and the comparisons
with the direct sampling resuits are shown in Table 11
(also Figure 2). It can be observed that radon levels
Letween 10710 and 10°*t curies per liter were present in
the majority of places sampled. The flack sample for
\ine E was, unfortunately, lost during the transfer of
the sample to the ionization chamber of the counting
equipment. *

Discussion

The data taken as part of this study appear to be
miot sicnificant when it is recalled that New York State
had never been considered 1o be an area where profitable
utanium mizht be discovered.  This is in direct con-
texdliction 1o the situation in Culorado where the entire
state has been suspect for uranium.  As can be «wen from
the data. radan concentr.ations in high levels have been
found in many scctivne of New York State.

This would indicate that any underground working
arey might present a similar picture.  Should this be true,
persans in the field of occupational health, and par-
ticylarly those interested in the health of mining popula-
tions, are confronted with the need to cvaluate the
possible radiation environment in these mines and to
study the possible effects {rom these exposures. Mining
gjerations need not be the only places where employees
predominantly underground would be exposed to signifis

39

cant arrounts of cadiation. One of the 'xations samg
was an usnderground cavern used for ught-seeng. )
pubiic which enters this area would remain in the rad
tion atmosphere for short periods of time. Howeser, t
guides-and repaitmen would be expused to these
centrations the greater part of each day for several years.

The exposure of persons «mployed in the growing aof food.

products in abandoned caves or mines or in underground
arzas used for the storage of valuables may be similarly
considered.

The consistent finding in many mines, not exclusively
those contaizing known uranium workings, by this and
other studies, of radon concentrations in excess of 1ot
curies per liter requires considerable attention by those
interested in the anplication of reasonable maximum per-
missible concentrations. 1§ the limit of 107! curies per
liter for radon is correct, many of the mines in this study
would be required to consider an increase in their air
supply by significant amouats. 1f 3 permissible level of
101 curies per liter is accepted, the need for financial
outlay for this additional ventilation can be reduced.
but the mining population may be subjected to 2 con-
tinuing escessive radiation exposdre. one arising {rom
the presence of naturally occurring radioactive material.
Recent recalculation of the exposure of the bronchial
epithelial to radon and its daughter products indicates
that a worker breathing in a radon level of 107" curies
pet liter for a normal work week may receive an exposure
of 22.6 rem per week(7). This would appear to be an
unreasonable exposure 1o permit to continue once its pos-
sibility is known, althuugh many authorities teel that
101 curies per liter must be regarded as the only prac-
tical linut at this time(3). ‘

In order to complete this study, all mines and suspected
undercround areas will be sampled as time permits.
Similar studies might be initiated in other states and 3
central committee could endeavor ta evaluate the overall
data to determine its hazard potential. the selection of 2
proper exposure limit, the possible origin of the radon and
practical control methods.

CORRELATION

In attempting to develop a predictable correlation no
clear cut relationship to any single physical factor has
been obtained. It would appear that .he concentrations
were highest in locations where the ore body surrounding
the working area was small or negligible. Tn the largest
mine sampled, a considerable ore body was present and
the concentration of radon was practically non-existent.

The deepest mine in this study did not indicate the
highest concentration of radon, and those near the sur-
{ace of the earth did show very important exposure char-
acteristics. When the concentrations in the working open-
ings are examined in relation to the extent ol the sur-
rounding ore body, it may be noted that those mines
enveloped by considerable minerals  shuw  the lawest
levels,

This may be explained on the theory that radon is
constantly being emanated (tom wranium (and radium)
deep within the earth. This radon diffuses upward
thriongh the earth's crust by gas pressure from below.
Where an extensive mineral body surrounds an air pocket,
the radon is prevented from ¢scaping and must pass
sround the ore. Where minor ore concentrations exist,
the radon dilluses in quantity into the working-ares air,
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and tren maintains effective equilibrium with its decay
products in dead-end drifts where ventilation is at a
minimum.

Mary phenomena have been ubserved in other fields
of investization whih indicate the piobable presence of
aranium and its decay products in more significant
amounts as one proceeds deeper into the earth,

Attempts to utilize underground areas for neutron
study have shown that a heavy increase in neutron pro-
duction occurs at levels deeply below the suriace of the
earth19) The greater part of this neutron flut comes
{rom below. leading to the assumption that the radiation
otiginates in the center of the earth. pussibly from the
spontaneous fission of ordinary uranium or thorium. .

Peports have been published which indicate the ability
10 locate oil felds from the air by mapping out back.
ground radiation levels detected by a scintillation counter
in a plane flying at a uniform heicht over the suspected
regions. T'e radistions were again 3ssumed to be
oriznating within the earth, effectively casting a shadow
of the oil field, which may be traced with the use of
sensitive radiation detectors.

Recent studies of the radium content of sea water with
denth and of the presence of uranium in voicanic ash
indicate that there is reason 1o believe the existence of
much greater concentrations of uranium and decay prod-
ucts a5 one proceeds closer 10 the earth’s center. Several
fictors determine the clumping of this radiation and
Lranium in sea water, aithough higher concentrations at
lower depths appear a good generality.

The collection of heiium in quantity has been con-
cdered as indicating the presence of larze quantities of
either uranium or thorium in subsurface rock. This
s elium is thouszht to be radiogenic, particularly since
uranium decav-product material, such as radium, has
secently been found in this subsurface cock in helium-
-soducing areas. The radioactivity studies in some oil

“eids have concluded that abnormal quantities of uranium -

must be present in subsurface rock, althouch its exact
distribution and location have not been determined(10).
CoNCLUSIONS :

The value presently being used for maximum permis-
sible concentration of radon and radon davshter products
of 107" curies per liter may be exceeded in underground
work areas as a result of the presence of natural radio-
active parent materials. The concentrations may be of
cuch nature as (o present a siznificant hazard to those
esposed.  This would appear 1o be true in any under-
round work area in any section of the country, regard-
less of the absence of mineable uranium.

The data indicate that the determination of radon con-
centrations can be cuitably made by sampling for the
short-dived daughier products. Tt appears that these
decay products attach 10 dust pucled in the air, that their
relative concentration is affected by the ventilation pres-
ent. and that their total activity may be related 10 inert
dust loading (including pacticle size distribution) in the
sir In this study all dust samples analyzed for radon
decay products agreed reasonally well with the direct
gas samples, and any crror appeared to be on the sule side.
The dust sampling techiofyne chould be further developed
as 3 replacement fur the rather expensive sk system
for measuring radon concuntrations.

The author would like to scknowledze the kind as-
sistance and suzgestions of the followinz members of the
Division of Industrial Hygiene: Dr. Irving R. Taber.

De. Morris Rleinfeld, Mr. Georze Paul. Mr. Arthur A
Mr. Milton Sheinbaum, and Mr. Benjamin Dolin.

The Chemical Engineering ‘Unit of the Divisiom per-
formed the separation of radium parent materials from
«amples of ore and water in order that attempts could
be made 10 correlate these Andines with the air samples.
The New York Operations Office of the A.EC. provided
the sample fasks and other specialized equipment and
perfurmed the radioanaly.is of the collected samples.
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A NEW BROCHURE

The Building Plans Unit of the Division of Industrial
Hygiene has ared a brochure entitled “Information
Relating to the Submission for Approval of Tlans and
Specifications for Construction or Alteration of Build-
ings.” This brochure is numbered TH-420, and may be
relerred to by that number.

Plans for certain types of Luildings 1o be erected within
this state must be approved by this Division prior to their
construction. Instructions and explinations contained in
the booklet make it possible for individaals and corpora-
tions who are about fo build in this State to comply with
all the provisions of the law without possibility of incur-
ring penalties, and, at the same time, prevent the necessity
for expensive alteration of structures which are nat in
accordance with the requirements.

Al interested individuals and corporations may procure
free copies of the Lruchute by making their requests of the
New York State Department of Labor, Division of Indus-
trial 11y ziene, Ruilding Mlans Unit at either the Governor
Allied E. Smith State Office Ruilding. Albany 1, New
York, or 270 Broadnay. New York 7, New Yors.
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