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RADON LEVELS FOUND IN MINES IN NEW YORK STATE® 

Saur J. Harmis 

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 iron mine, and a sight-séeing cavern. none 

| of which is associated with any known uranium gdeposit. 
The study indicated the possible presence of raden and 

| radon daughters in the air of any mine in amounts in 
| excess of accepted standards for maximum permissible 
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concentrations. Re-evaluation of these standards was 
indicated. 

Presious studies of tadon levels in non-uranium mines 
a the Colorado plateau( 1) have indicated that concentra- 

o tions compatable 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 
whhelher this situation was pe:uliar‘ to that al;u. F:; 
this reason. it was decided to sample some underzrou . ’ X i | 
operations in New York State to determine whether levels mining. Although .‘.h' quality of the ores is senerally 
of this order could be found in non-uranium mines, in excellent, the quantities obtained are small, 1"4 \h:d:um- 
_eions not known (o contain profitable uranium deposits. ber of workers involved number in the few hundr 
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MINING IN .\'Ew York STATE , Mlulx.o Po.ruuflou 
Ceveral 2eolnzical studies had failed to locate any ap- . "”"‘-“' of these “Mf'"c'.“f"‘af'm a‘::i“h‘::: w‘ohv.ke:“:?: 

. preciable deposits of uranium cre in New York State up ‘““"’l“ 24 "“‘C'h" % ivil War, A sery hros ?, 
to the time of this investization(2.3). Other minerals have popu 'lm" of ¢ “‘;‘“, "3. ll' ce its history Inio‘m 

- been recovered from open-pit and underground workines several generations. Any radiation exposure 
e b v indicate the possibility of past and 

within the state for many years, the main product being found today would in 
cement. although magnetite, gypsum, talc, :‘n. hematite, :::::':':" exposure to small communities for several 
limestone. clay. slate. and zinc are mined in smaller - " | 
quantities. At the time of this study there were 22 active hel; addition, "“d“’lld“(‘ et :“’2“’?‘“"3 :"""’;u‘:: 
anderzround mines and many more open-pit operations. '.mdm‘:-“‘:l::u: l;;’ :‘h‘e :‘)i\";:i‘on olc lpn:unrial H'\‘";ime 
In addition, many abandoned mines may <till Le entered b v 

: 2 e S and others(4). Suitable engincering methods were de- 
‘ :::‘k:g"‘:,::“s:;:d':o' the grawing of mushrooms or for veloped to h::‘nlhml silicosis as a lc‘wlldol these eatlier 
| - . : e} etudies, although no measurement of radiation evposures 

Fizure 1 thaws the location of the worhlices included s ov = gt 
‘ in this study Samples were taken |hm«.-,;‘h-m| the State, had been attempted prior 10 this time. 
| in at least one underzround mine of cach type still in operation. The depths varied from 35 feet (10 m) to Sussary or Exrosuag Coxoitions. 

more than 2,000 feet (609 m) below the surface of the The on-the-spot analysis of collected dusts indicated 
i sround. Some of the mining is of the pillar and room that the air-borne radioactivity was essentially short- 
\ tyje operation, and tome ores are recovered by drift Jived, alpha-emitting material. The half-life, after a 

— few moments, was approsimately 30 minutes. A pos- 
0 - i b aper Bt :’,":"“" e e "‘h"":."‘m sibility of thoron and its decay products c‘\:;clng in ‘:!om 

Awetican Induattial Hygleme A-Builiisn 18 &t o thdwn 1l degree has not been completely ruled out. How- 
19, 1504 i from the AN A Aulins of Tndustrial 370 s Vol M e 
H’\;lm .::l‘(\’:rpln::al ;:c‘-li'i‘:t. 10, 4, 1954, e ever, for the purpose of this study, the radioactive mate- 
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rial in the dust samples was considered to consist essen- 
+ially of Radon 222 decay products in the Uranium series. 
Table I is 3 tabulation of this series showinz the decay 
products, their halilifes, and their principal radiations. 

TABLE ! —URANIUM SERIES (N - 3 

Decsy Proncioal 
Elemest Proaucw 1! Life Radiavoss 
|- Tromiam 1 481w To0 gy, Alohe 
- Veanum Ny T4l dams Kers. Gemma 
Fale Veanam Xp 134 ous. fern Gamms 
[ Uramiam 1 233 3 108 7 \iphe 
P 1aniem 4% 10t v, Vieha 
RaTM Radium ) 600 vy Vrhe 
know Hadon 18Y devy Aiphe 

| it Rs A IS mn Viphs Sets 
b g Re B 43 mie Nea Gamme 
b " C 197 min All types 
P Ra C 15 x 104 wee A\ 
- Re " 1232 ma. 
Pome Hs D 222 v NHarn Osmms 
B s E 497 days virha, 
Pone Re ¥ 139 dams Al 
PO~ Re G 

Radon i« a gas evolved during the disintezration of its 
parent, Radium 226, which has been formed through the 
earlier ditintegration of products in the series beginning 
with Uranium 238. The radun decays throuzh a series 
of other isotopes 10 stable lead. These dauchter iwm 
apparently adhere 10 the colid dust nuclei in the r 
atmosphere. Recent considerations of the hazard from 
radon indicate that the hazard potential of these daughter 
products is appreciable and may contribute the greater 
part of any exposure delived 10 the Lronchial epithelia. 

The ratio of these decayed products to the original 
quantity of radon is influcnced in part by the sentilation 
in the area sampled(5). Since a large part of the hazard 
dejends upon the presence of these decay products, it 
would similarly depend upun their ratios to the parent 
and to each other. For this reason, any sampling of the 
air for the decay products, in order to estrapolate the 
findings to determine the guantity of radon present, must 
recognize the need for detenmining the ventilation con- 
ditions. Dead end drifts wore sampled primarily where 
the ventilation was effcctively zero, and it could be as- 
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sumed that the decay products were essentially in 
e ;uilibrium with any radon present. The dust Joading of 
inert nuclei in the air may also influence the measure- 
ment of tadon when sampling for the decay products. 
Some minor deviations betaeen the value of the ra 
concentration using the flask method and the dauzhter 

oduct anslysis might be explained in this manner. 
awever, no appartunity to make a test of this hypothesis - . 

was available. 

Sampeee TECHNIQUES 
Sampling for air-borne material consisted of fltering 

Aust with Whatman No. 41 filter paper and the simul- 
1aneous collecting of gaseous components directly in 
standard one liter glass flasks obtained from the New 
‘ork Operations Office of the Atomic Enerey Commis- 

sion. The filter-paper sample was counted immediately 
with the use of a Samson Alpha Survey meter carried 
down into the mine for this purpose. (No indication of 
contamination of the instrument which could rot be ad- 
iusted out of the measurement was noted.) When these 
instantancous readings of the filter-paper samples o~ 
dicated the presence of appreciable quantities of radon 
davuhters. samples of the ground water and the ore were 
collected and later analyzed for the parent Radium 226. 

The lower limit of sensitivity of the collecting system 
asing the filter paper was in the order of 102 curies per 
liter of radon and the upper limit was approximately 107 
curies per liter. The dust was collected using two differ- 
ent sources of air movement: an MSA Samplair hand 
pump or a battery-operated Gast pump. Usipe the 
Samplair. dust was collected from a volume of 30 liters 
for a period of 1wo minutes. The battery-operated pump 
collected a sample from 50 to 73 liters for a period of 10 
minutes, All calculations have been corrected for the 
difference in lime m}uind (o collect these samples. The 
Aasks were later analyzed directly for radon at the New 
York Operations Office. 

ResuLrs 

The concentrations of radon in these mines were deter- 
mined from the collection ‘methods mentioned above. 
The dust <amples of the daughter products were used to 
calculate radon levels by two methods. The first 
consisted of a straizhtforward conversion from disinte- * 
grations per minute per liter to curies per liter using 
correction factars for collection efficiency ana for self 
alsorption of alpha particles in filter paper. The sceond 

. OLE (-RADON CONCENTRATIONS IN MINES 
IN NEW YORK STATE 

Coscenteations s 1000 Cyvien per liter 
Vrew Tive Conversimn® Caicnlatod? Fiassl 

A Casers 20:180 141 13-110 
Tron Mine Arora2 47308 2134} 
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n Tale M 16 82 12:448 20 
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J Zine Mine ®1-03 0)- w3 LI ELA) 
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eslculation used a formula developed by Dr. John Har- 
Jv of.the New York Operations Office (AEC.) for 
thie same purpnse(6) The two calculations azreed rea. 
eorably well with each other and in some instances exs 
ceptionaliy well with the concentrations as determined 
by the direct method. This direct method, using the one 
liver ulass facks. was considered the more reliable 
ti-hnique for the megsurement of radan concentrations 
for this study. 

The resufts of these calculations and the comparisons 
with the direct sampling resuits are shown in Table U 
(also Figure 2). It can be observed that radon levels 
Letween 1070 and 10°% curies per liter were present in 
the majority of places sampled. The flask sample for 
Mine E was. unfortunately, lost during the transfer of 
the sample to the ionization chamber of the counting 
equipment. s 

Discussion 

The data taken as part of this study appear to be 
miot siznificant when it is recalled that New York State 
had neer been considered 10 be an area whete profitable 
utanium mizht be discovered. This is in direct con- 
teadiction to the situation in Colorado where the entire 
state has been suspect fur uranium. s can be «ween from 
the data. radan concentrations in high levels have been 
found in many scctivne of New Yaork State. 

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

cant arounts of eadiation. One of the *xations samp 
was an underground cavern used for sght-seeing. b | 
pubiic which enters this area would remain in the rad 
tion atmosphere for short periods of time. Howeser, t 
guides and repairmen would be expoused to these 
centrations the greater part of each day for several yvears. 
The exposure of persons «mployed in the growing of 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 comtaining 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 3oplication of reasonable maximum per- 
missible concentrations. 1i the limit o 10°'* 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 amounts. 1f 3 permissible level of 
1012 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 a con- 
tinuing escessive radiation exposdre. one arising irom 
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 10°' curies 
per liter for a normal work week may receive an exposure 
of 22.6 rem per week(7). This would appear 1o be an 
unreasonable exposure 1o permit to continue once its pos- 
sibility is known, although many authorities teel that 
10 curies per liter must be regarded as the only prac- 
tical limut at this time(3). . 

In order to complete this study, all mines and suspected 
underground areas will be sampled as time permits. 
Similar studies might be initiated in other states and 3 
central committee could endeavor to 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 sinzle 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- 
face 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 of the sur- 
rounding ore body, it may be noted that those mines 
enveloped by considerable minerals shuw the lawest 
levels. 

This may Le explained on the theory that radon is 
constantly being emanated (rom uranium (and radium) 
deep within the earth. This radon diffuses upward 
throngh the earth's crust by gas pressure from A 
Where an extensive mineral body surrounds an air pocket, 
the radon is prevented from cscaping and must pass 
sround the ore. Where minor ore concentritions exist, 
the radon dilfuses in quantity into the working-ares air, 
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and then maintains effective equilibrium with its decay 
products in dead-end drifts where ventilation is at a 
minmum. 

Mary phenomena have been ubserved in other fields 
of investization whi b indicate the probable presence of 
wranium and its decay products in more significant 
amounts as one jroceeds 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 surface of the 
eartht9) The greater part of this neutron flux comes 
from below. leading to the assumption that the radiation 
originates in the center of the earth. pussibly from the 
spontanecus fission of ordinary uranium of thorium. . 

Reports have been published which indicate the ability 
to locate oil £elds from the air by mapping out back- 
ground radiation levels detected by a scintillation counter 
in a plane flying at a uniform height over the suspected 
recions. T e radiations were again assumed to be 
oriznating within the earth, eifectively 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 sex water with 
denth and of the presence of uranium in voicanic ash 
indicate that there is reason to believe the existence of 
much greater concentrations oi uranium and decay prod- 
ucte as one proceeds closer 10 the earth’s center. Several 
fictore determine the clumping of this radiation and 
Lranium in sea water, aithough higher concentrations at 
lower depths appear a good generality. 

The collection of hefium in quantity has been con- 
cdered as indicating the presence of larze quantities of 
either uranium or thorium in subsurface rock. This 
telium is thousht to be radiozenic, particularly since 
uranium decay-product material, such as radium, has 
recentls been found in this subsurface cock in helium- 
eoducing areas. The radioactivity studies in some oil 
“elds have concluded that abnormal quantities of uranium 
must be present in subsurface rock, although its exact 
distribution and location have not been determined(10). 

CONCLUSIONS 

The talue presently being used for maximum permis- 
sible concentration of radon and radon dauzhter products 
of 101" curies per liter may be exceeded in underground 
work ateas as a result of the presence of natural radio- 
active parent materials. The concentrations may be of 
cuch nature as to present a siznificant hazard to those 
esposed. This would appear to be true in any under- 
sround 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-lived daughter products. Tt appears that these 
decay products attach 1o dust nuclei 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 
ait In this study all duct samples analyzed for radon 
decay products agreed reasonably well with the direct 

a¢ samples, and any error appeared to be on the sufe side. 
%’M dust sampling techuingue <hould be further developed 
as 3 replacement fur the rather expensive fask system 
for measuring radon concuntrations. 

The author would like to icknonledze the kind as- 
sistance and suzgestions of the followinz members of the 
Division of Industrial Hygiene: Dr. Irving R. T&b«' 
De. Morris Rleinfeld, Mr. Georze Paul. Mr. Arthur A 
M. Milton Sheinbaum, and Mr. Beniamin Dolin. 

The Chemical Engineering ‘Unit of the Divisiom pet- 
formed the separation of radium parent materials (rom 
samples of ore and water in order that attempts could 
be made 10 correlate these indings with the air samples. 
The New York Operations Office of the AE.C. provided 
the sample Nasks and other specialized equipment and 
perfarmed the radioanaly.is of the collecied samples. 

RIBLIOGRAPHY 

1. Jacoe, P. W The Occurrence of Radoa in Non-Unaawm 
in 3d0. Transactions of the 1%th Annual Meeting of 

1he ACGIH. held in Los Angeles, California, 79-85, April, 1953 
1. New i 

of New York State, September 1950 
3. New York State Mineral Resources (A Survev), Industrial 

Balletin of the New Vork State Dept. of Labor, Vol 29, Ne. 2, 
February 1550, 

4. Tale Miners and Millers. A Studv by the New York State 
D,.:'muu of Laber, Division of Industrial Hygiene, November 
1 

5. Tsiotlou. E. C. Ayer, H E. and Holaday, D. A.: Am Investi- 
gaticn of thesOccutrence of Non-Equilibrium At Mixtures 
of Radon and Its Daughter Transactions of the 1fh 
Annual Meeting of the ACG.IH. held in Los Angeles. 
$1.49, Apnil 1955, 

6 Harley. J. H.o A Study of the Airborne Daughter Products of 
Radon end Thoton, unpublished thesis, Rensseizer Polytechnic 
Institute, 1952 

+ Bale. Wm. F: Harardt Associated with Radon and Thoron, 
sr,:;ul communication 1o the Division of Industrial Hygiene, 

s, Sultzer, M., and Honsh, J. B.: Polonium in Urine of Misers 
Exposed to Radon, Arch Ind Hyc. and Occup. Med. 9, 89, 1954 

9. Eusster, J.: Neutron Measurements at Great Underground 
Depths, Rev. of Sci. Inst, 28, 5.7, 1954, 

10. Gott. G. B, and Hill, J. W .. Radioactisity in Some Od Fields 
S’WMWHMQ' Bulletin 988.E. Wash 

. 

—_— 

A NEW BROCHURE 

The Building Plans Unit of the Division of Industrial 
Hygiene has 2 brochure entitled “Information 
Relating to the Submission for Approval of Mans and 
Specifications for Construction or Alteration of Build- 
i':r." This brochure is numbered TH-420, and may be 

erred to by that number. 
Plans for certain types of buildings to be erected within 

(his state must be approved by this Division prior to their 
construction. Instructions and explunations contained in 
the booklet make it possible for individuals and corpora- 
tions who are about to build in this State to comply with 
all the provisions of the law without possibility of incur- 
ving penalties, and, at the same time, prevent the necessity 
for enpensive alteration of structures which are not in 
accordance with the requirements. 

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