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RADON: A BIBLIOGRAPHY

The Lawrence Berkeley Laboratory, with che support of the Department of
Energy, has developed a computerized database to manage research information
in the area of building ventilation and indoor air quality. This literature
survey contains references pertaining to the physical properties of radon
and its daughters, instrumentation for their measurement, health effects,
surveys and measurements, and regulatory information. The references in
the bibliography_are sequenced in alphabetical order and abstracts are
included when supplied by the author. The objective of this report is
to disseminate the bibliographic references compiled at the laboratory
relating to radon research portion of the program. Interested database users
are encouraged to contact the laboratory to receive ianstructions for direct
database access. A flyer describing the database is supplied at the end
of the bibliography and a brief overview of the Radon Research Frogram is

given below.
RADON RESEARCH PROGRAM AT LBL

Radon-222 and its daughters, members of the uranium-238 decay chain present
throughout the earth's crust, have long been recognized as significant contri-
butors to natural background radiation. Exposure of the general population
t§ radon and its daughters occurs primarily indoors, where concentrations are
usually higher than outdoors. In buildings that have been built or retrofitted
to have low air-exchange rates, a reduction in venitlation rate may result in
an increase of indoor radon levels., The emphasis of the Radon Research Program

is to study the significance of radon and its daughters as indoor air pollutants,



to measure and evaluate radon and daughter concentrations in buildings designed
or retrofitted to reduce infiltration or ventilation, to develop radon monitoring

instrumentation, and to study the physical behavior of radon and its daughters

in the indoor environmment.



fmerican Natiomal Standards Institute, Inc. (New York, NY)

USA standard: Radiation protection in uranium mines and mills (concentrators), USAS
N7.1-1960 31 p,» 1961,

2,

American National Standards Institutes Inc  (New York, NY}

fmerican national standard: Supplement to radiation erotection in uranium #ines and mills
(concentrators). ANST N7,1a-1969 16 m.» 1970.

3

American Natiorwl Standards Jnstitute. Inc. (New Yark, NY)
American national standard® Radiation protection in uranium mines. ANSE NU3.(-1971 54 p,

ABSTRACT: This standard covers the mining, transrorting and refining of ores to
eroduce uranium concentrates. Vorksrs in uranium mines and mills are expssed to external
oamsa and beta radiation and to girborne dust and sas containing all of the elements in the
uraniua series, Hhen inkaled. these elements mar build yp in deposits which mar then
deliver sisnificant radiation doses to bodv tissues. This standard presents minimun
requirements for the protectign of workers from overexposure to radiation and radicactive
dusts and sases from the uranium mining and millins industry, It also sussests procedures
for proper control and examination of workers in order that the desired protection be
maintained, 1t is iptended that this standard will serve as a suide to manasement and
regulatery agsencies havins reseonsibility in this field of activitv.

4

Arsonne National Laboratory. (Arsonne, IL)

Radiolomical and Environmental Research Division Annual Report: Center for Human
Radiobioloavs July 1978 - June 1379, AN~73-65, Part 11 229 p,, 1979,

5.

Atomic Enersy Commission.
Part 128 Grand Junction remedial action criteria,
FED, REGIST. (WASH.. D,C.) 37: éln-blo, 12/31/72.

Bureau of Mines. (Washinston, D.C.)
Alehz radiation exposure levels in undersround uranium and other mines.
RADICL, HEALTH DATA REP. 9(12): 719-723, 12/—-/68.

Bureau of Mines. (Washinston, B.C.)
Continuous measurement of workins Yevel exposure of uranium miners

TECHMOL. NEWS(60) 1-2, 02/—/79,

ABSTRACT: @& continuous workine level monitor has been develored. B constant flow
punp draws mine air throush a fiberslass filter on which radicactive rarticles collect and
decav; releasing alrha, beta and oamea ravs. A portion of the beta rarticles are detected
by a Geiser-Mueller tube, and create electrical impulses whith feed o 3 ceptral menitor
which has both anales and disital outputs, From these outeuts the workins level is
calculated. Laboratory and Field evaluations have demonstrated 3 working level accuracr of
plus or minus 10% The unit was shown to be durable in the several months of win tests.

Bureau of Mines. (MWashinstons D.C.)



Radon daushter dosimeter,
TECHNOL, NEWS 61f 1-2, 02/--/7%,

9.

. Di f Environmental Control Technolomy, ( D
Brnt of e Bt f vl bl ety AR R o
Health, (Denvers C01s C. €. WcGuires Inc, (Greelev, CO}

Progress report on the Grand Junction Uranium Mill Tailinss Remedial Action Prosras.
DOE/EV-0033 5 pu» 02/—/79.

ABSTRACT: Thiz report is on the uranium will tailins remedial action erosras at Grand
Junction, Colorade. It erovides a history of the prosram, an analvsis of the current
status of the srosram, mroblems encountered and measures being taken to solve thes, and a
forecast of future effort reuired, From the start of remedial efforts in 1973 throush
Sertember 30, 1978, remedial action has been done on 325 individual structures, includine
289 private residences, 14 schools, and 22 comsercial business/church locations, As
recently a5 one Year aso, the total number of structures resuiring remedial action was
estimates to be about 600. However, continuins seasuresents of radon daushter
toncentrations in structures which previously showed oniy slishtly elevated samsa radiation
have resulted in identification of additional structures exceedins the Surseons General’s
suidelines For radon daushters, Because radon daushter concentrations in structures are
hishly variable ¢ ing on the season of the vear and the level of activity, annual
averages are used for deterlxmns !h!lblll'f\’ under the suidelines, Based on this recent
experience the estimate of the total number of structures which will eventually aualify for
renedial action has baen increased from $12,670,000 to $16,960,000.

Derartment of Health, Education, and Welfare. Public Health Service. (Rockville, MD).
Atomic Enersy Commission.

Evaluation of radon 222 near uraniym tailinss riles. DER 69-1 47 p., 03/—/69.

Derartment of National Health and Welfare. Radiation Protection Bureau. (Ottawa. Ontario.
f

Arrendix F:  Radiation survev of Lons Harbour, Newfoundland,
FINAL REPORT: CANADIAN PUBLIC HEALTH ASSOCIATION TASK FORCE ON FLUORIDE. 117-137, 1978,

12,

Diiworth, Se:oray Heagher & Associates, Ltd. (Toronte. Ontario. Canada): Acres Consulting
Services L

BeveloPnent prosram for radon reductions Rerort Gt Radon diffusion barrier tests on
comercial paints. DSMA Remort 1095/1033 6 ».» 04/—/79.

13.

Dilworths Secord, Measher and Associates Lid, (Toronto, Ontario, Canade)s Acres Comsulting
Services Ltd.

Development Prosram for Radon Reduction» Report 2: Condensation muclei concentration in
oceupied buildinss. DSHA-1012/1009 3 Pos 11/—/78, e

Dilworth, Secord, Measher and Associates Ltd, (Tevento, Ontarios Canada), Acres Consulting
Services Ltd.

Develorment Prosram for Radon Reduction, Report 4t Radon production rate of Elliot Lake
soils. DSMA-1012/1024 9 »., O1/—/1,

Ditworth, Secord, Measher and Associates Ltd. 1iToronto, Untarios Canada)s Acres Consulting
Services Ltd.

Develoement Prosram for Radon Reduction, Reeort 7: Natural radioactivity in Ontaric sands.



DSHA-1095/1046 1t .y 06/--/79.

16, Dilworth, Secord, Measher and Associates Ltd. {Toronto, Ontario. Canadz), Acres Censulting
Services Ltd.
Develorment Prosram for Radon Reductmn. met 62 Variation of radon concentration in
50il 9as., DSMA-1095/1045 9 p.o 06/-~/7

17. Dilworth, Secord, Measher and Asseciates Ltd. (Toronto, Ontario. Canada)s Acres Consultins
Services Ltd.
Elliot Lake Technical Note No. 10' Estimatina RaA concentration and W by the medified
Markov—Rolle nethod. DSMA-1095/1 4 p., 08/—/79.

18, Dilworth, Secord. Measher and Associates Ltd. (Toronto. Ontarios Canada)s Acres Consultine
Services Ltd.
Elliot Lake Technical Note No. 9: Use of the Rolle method for W estimates in houses,
DSMA-1095/1052 2 P,y 08/--/79,

19. Dilworth, Secord, Measher and Associates Ltd. (Toronto, Ontario» Canada)s Acres Consulting
Services Ltd.
Develorment Program for Radon Reduction. Report 8: Thoron interference with WL
=easurements. DSMA-1095/1053 3 p.. 08/—/79.

20, Dilworth, Secord, Measher and Associates Ltd. (Teronto, Ontaric. Canada)s Acres Consulting
Services Ltd.
Elliot Lake Technical Note No. &2 ‘Exact’ Kusnetz factors for the E1)iot Lake sampling
technique, DSMA-1012/1022 3 p.» 01/—/79,

2L, DSMA Atcon Limited {Toronto, Ontario. Canada)s Acres Consuiting Services Limited
Develorment proscam for tadon reduction, Report L1t Concrete blotk filters, DSHA Report
1095/1078° 10 e, 12/=-/79,

22, International Commission on Radiolosical Protection, Conittee 4. {Sutton, UK}
Radiation rrotection in uranium and other mines: A renrt of Committee 4 of the
International Comsission on Radiclosical Protection. ICRP Publication 24 28 p.. 03/--/7¢,

2. Keith Consultins, {(Uranium City, Saskatchewan. Canada}
Reducing airhorne radiation in dwellings using make-ue air ventilation, 21 p., 1979,

24, Keith Consulting. (Uraniua City, Saskatchewan Canada)
Sumeary of investisation and resedial work. 4 p., 1979,

2. Keith Consulting, {Uranium City: Saskatchewan, Canada)

Radon infiltration in a house with concrete block walls. 14 e,y 1974,




25,

Keith Corsultins, (Uranium City,» Saskatchewan: Canada)

Concrete perosity and radon aisration. 15 . 03/—-/79.

Lawrence Barkeley Laboratory. Enersy and Eavironment Bivision. (Berkeley» CA)
Enersy Efficient Buildines Prosram. LEL-7842, 1977.

National Council on Radiation Protection and Measurements. (Mashinston, D.C.)
Inhaled radicactivity, NCRP-45
NATURAL BACKGROUND RADIATION IN THE UNITED STATES., 75-8%. 11/15/75.

Nuclear Enersy Asency. (Paris, France). Orsanisation for Economic Co-oreration and
Develoement. (Paris, France}

Persona] dosimetry and area monitoriny suitable for raden and daushter products:
Proceedings of the MEA Seecialist Meetins, 270 p,

United Nations,

Report of the United NMations Scientific Committee on the Effects of Atomic Radiation, 40
A/32/40) 34 »., OTIOS/TI,

31

fibu-Jarads F.» Fremlin Jo He
Track etch detectors for radon measurements inside houses and for buildine material. 7 e.

ABSTRACT: Cellulose nitrate (LR-115 Kodak and CR-32} has been used as detectors to
study the airborne alwha-a:hvxtv inside houses by two different technisyes {air sameler
and can technm). It has been used also to study the emaration from different building
materials and the efficiency of different paints in reducing the emanation, While the
counting projector and screen were used for counting the tracks from each tvee of detector.

fdams, J. A. S, {ed.}, Lowders W, A. (ed.}
Aprendix #: Properties of the urgnivm and thoriua series.
THE NATURAL RADIATION ENVIRONMENT, 1033-1036, 1964,

Alters H. W,
Track Etch radon ratios to svil uranium and a new abundance estimate. 9 ».

ABSTRACT: Esuilibrium values of the radon content of s50il gas are most precizely
determined by the time-intesrating Track Etch technisue. This method, extensivelv used as
a uraniua exeloration tool, detects radon mas using dielectric detectors which record alpla
rarticle emission from the sas, The detectors are mlaced in inverted curs which are buried
in shallow hoies on a srid over the area to be exelored, The cups are 1eft in the sround
for three to four weeks. This eeriod of time is essential to intesrate the sismal and
eliminate the larse fluctuations in radon sisnal strensth which occur with time.

Intesrated radon valuess corrected to a standard exmosure time of 30 davss are conveniently
expressed as the nusber of alpha tracks per squire millimeter, T» of the solid state track

detector.

Altshulers B.) Nelson, No, Kuschner, M,


http://Cor.su

Estimation of luns tissue dose from the inhalation of raden and daushters.

HEALTH PHYS. 1001212 1137-1161, 12/--/64,

ABSTRACT: The radon hazard is presumed to be luns cancer induced by aleha irradiation
of basal cells in the bronchial erithelivm, The effective dose is calculates by 3
relatively complete amalysis which includes (1) the distribution of atmosmheric activity by
size and daushter, {2) the mrediction of aleha decav in the bronchial resions Fron 1 model
of mucus flow syrerimmosed on calculated resiona) deposition, (3) measyrements of
erithelial thickness to determine accessibility of basal cells, and (4) class1fxcatxon of
dose by inhaled daushter, size, almia marticle, resion, and tissue derth,
cancer-related doses taken as the larzest dose to exceptionally shallow basal ceHs.
associated with one working level of radon daushters is estimated to be 20 rads/vr for nose
breathing at 15 I./min., and it mav be hisher. Comparison with animal experiments sussests
that the workins lcvel may not be safe and that 30 Pc/i. of daushters (0.1 WL} my not be
too conservative for the MPC,

35.

Anderson, D. E.
Efficiencies of filter rarers for collecting radon daushters.
M. IND, MYG. ASSOC. J. A28-429, 1940,

3t.

Aprilesi, G.» Lorias A, Masnoni, G., Marsesuerra, M., Morelli, S., Rivasi, M. R.
Absolute estimation of radon daushter concentrations in air by alpha-srectrometrv.
NUCL. INSTRUM. METHODS 148(1): 187-194, 01/01/78.

ABSTRACT: A method for the ectimation of the concentrations of radon daushters in air
is given. The method 1s based on aleha spectrometric counting measurements performed
exther during or after the dust collection with an electrostatic rreciritator. The
relations between measured counts and concentrations in air of the collected nuclides {Rah,
RaB and RaCl are obtained assuming a constant collection rate and a linear collection rate
and a linear collection rate model. It turns out that the less sorhisticated model sives
more satisfactory estimations of the rarameters,

.

fArcher. V. E.

Eridemiolosic studies of lung disease amons miners exposed te increased levels of radon
daushters. 7 p.

ABSTRACT: Mortality of uranium miners from both luns cancer and other reseiratery
disease is strongly derendent on exrosuve to radon daushters. cisarette sucking and heisht.
Luns cancer amons 15 different minine srours (uraniume irom lead, . ) was analvzed to
determine what factors influence incidence and the induction-latent ceriod. At low
exrosure and/or exposure rates, aleha radiation is more efficient in inducina Juns cancer
producing an yPward Convex exposure-response curve. The induction-latent period is
shortered by increased age at start of mining, by cisarette smoking and by hish exposure
rates, For followur Periods of vears: the incidence increases with ase at start of
nining, with maonitude of exposure and with amount of cigarette smokins, Instead of
extrarolating downward from hish exrosures to estimate risk at low levels, it is sussested
that it eisht be more arpropriate to use cancer rates associated with backarcund radiation
as the lowest point of the exposure-reseonse curve,

Archer, V. E,. Lundin. F. E.
Radiosenic luns cancer in man: Exposure-effect relationshir,
ENVIRON, RES. 1{4): 370-383, 12/--/67.

ABSTRACT: Comrarisons are made of Yuns cancer data from five grours of miners exposed
to a_wide range of levels of air-borne radioactive rarticles, Partiy because of varjable
quality of the data for the different srours, alternative estimates of luns cancer risk are
ysed: incidence or mortality rates, ratio of observed to expected rates and promortion of
Tuns cancer to all deaths, These three criteria asree that lung cancer in mining sroups
tends to be directly proportionat to mean radiation exrosure. After assumin linearity of

7



this relationshir and absence of a dose-rate effects it is estimted that one rad to the
bronchial walls of one million eersons sroduces about one Tunm rancer per vear, and that
the averase intesral dose reauired to rroduce one luns cancer is 1.3 ES s rad.

expasure of 120 WLH (estimated to emual 380 rad) aesears to double the luns cancer
incidence characteristic of the seneral rorulation.

Archer, V, E,, Wasoners J. K. Lundin, F. E,
Uranium minins and cisarette smokins effects on man.
J. OCCUP, MED. 15(31: 204-211, 03/--/73.

Archers V. E.; Wasoner, J. K.o Lundin, F. E.
Lung cancer amons uranium miners in the United States.

HEALTH PHYS. 25(4): 351-371, 10/--/73.

ABSTRACT: Excess respiratory cancer has been demonstrated amons 31l srours of uranium
winers who have had more than 1z0 Working Level Months of radon daushter exrosure. Luns
cancer incidence rese with increasing exrosure.  Factors which misht distort the
exposure-response relationshie were reviewed, Exposure to other asments such as cisarettes
erobably contributed to the excess. but these factors should not be considered in settins
sermissible levels. Reseiratory cancers are continuins to apeear at a hish rate amons the
Study Group even thoush radon daushter levels have been markedlv reduced and mgst of the
Study Grour have storred mining.

4,

Austin, S. R.+ Droutlaeds R. F.i Denver Mining Research Center. Seecial Studies Groue.
Bids 20. Federal Center. Denver CO 80225

Radon emanation from domestic uranium ores determined by modifications of the closed-can:
sased-only assar method. BuMines RI 8264 P.s

ABSTRACT: Emanation coefficients of 950 sameles of domestic uranium ore were
successfully and ramidly determined with fair srecision br modifications of the closed-can,
sasma~only 3ssay method, usins commercially available or similar esuipment. Coefficients
ranse from <I¥ to 91X Emanation varies considerably within each mine and area, but
distinct differences amons saior mining areas were found, raneing from 7.5% for Moss Back
Mewb.+ Chinle Fa,» SW Lisbon Vallev, Utah to 56.5% for Ft. Uion Fm. {?)s Powder River
Basin, Wvo. Coefficients also vary witht (1) uranium mineraloovs (2) radium mineralesys
(3) litholagy of host rocksi (4) srain size of uranium and radium minerzlss {5) comwinutien
of orer (&) estimated porosity and merseabiiitys (7) moisture contenti (8) wre srades (9]
supposed mobility of depositsi ase of demosits is unknown but limited by (10) ase of host
rocks, which shows only doubtful correlation with emanation, Data obtained mar be used to
evaluate effects of investisated marameters on radon concentration in mines, aad thus to
select efficient control measures. Drill-core emanation data allow estimates of probable
radon problems in undevelored deposits,

2.

fuxiers J. A.» Beckers K., Robinsons E. M., Johnson. B. R.. Bovett. R. H.. Abner, C. H.
A new radon progeny personnel dosimeter.
HEALTH PHYS. 21410 126-128, 97/--/71.

43.

fAuxiers Jo A.» ShinPaush, ¥. H.» Kerr, G. D.» Christian, D. J.
Preliminacy studies of the effects of sealants on radon emamation from concrete.
HEALTH PHYS. 27(8): 390-371, 10/—/74,

Auxier, J. A,
Respiratory exeosure in buildinas due to raden proseny.

8



HEALTH PHYS, 3112)s 119-125, 03/--/75.

ABSTRACT: The 21pha radiation dose to the lunss of mecsle uho live ie buildinss
constructed of some sranites, Tow densitv concretes, and svesem boards is hisher than for
residents of anst other tyses of dwellinss due to the airborne eroseny of radon, There is
evidence that sealins the ipterior surfyces with erexv paint, for example, can reduce the
alpha dose to the luny sisnificantlv without a comeensating .ncrease in whnle-bedv exrosure
to the samma ravs from raden prosenv. Based on the incidence rates for luns cancer in
wraniym minars, a concentration of radon of the order of 1-5 eCifliter wcpears to be a
reasonable limit for “lifetime" exposure indoors for *typical® home ventilation cenditions.

Axedson, 0., Edling, C.
Health hazards from radon daushters in dwellinas in Sweden. & p,

Axelson: O,
Interaction betueen smoking and exrosure to radon daushters. 4 p.

47.

Aver, H, E.
Control of cadon and 1ts daushtars in mines by ventilation. AECU-2858 20 r.. 03/15/54.

Barnabv, W,
Very high radiation levels found in Swedish houses.
NATURE (LONDON) 281: &, 09/04/79,

49,

Bates, B, V., Fish, B. K., Hatch, 7. F., Mercer, T. T., Morrows P. E.
Deposition and retention models for internma) dosimetry of the human reseiratorv iract,
HERLTH PHYS, 1202): 173-207, 02/--/8b.,

S0.

Bates, R. C.» Franklins, J. C,
Uranium aine radon control research,
TRANS, AH, NUCL. S0C. 27¢ t50-15L, 1977.

S5t.

Bates, R, C.
Rotk sealant restricts failins barometer effect.
MIN. ENG. {N.Y.} 29{12): 38-39, 12/~-/77.

52,

Bedrosian, P, H.
Photosraphic techniaue for monitoring raden-222 and daushter rroducts.
HEALTH PHYS. 18(41% 800-82, 0b/--/69.

Bedrasiams P. H.» Sensintaffar. E. I.. Gels: G, L., Norwood» D. L., Culver, &, A.

Sealants for sources emanating Rn-222.



HEALTH PHYS, 27(4): 387-3%0, 10/--/74,

Behounek, F.
H.story of the exposure of miners to radon,

HEWLTH PHYS, 19112 56-57, 07/—110.

Blacks 8. Cu» Archers V. E.1 Dixons W. C.. Saccomanno, G.
Correlation of radiation exeosure and ead-210 in uraniva miners,

HEALTH PHYS, 14(2}: 81-93, 02/--/68.

ABSTRACT! Bone samples from thirty-two uranium miners and eisht non-miners 'were
analvzed for Pb-210 content. An estimate of cumulative radiation exposure to radon decay
eroducts in uraniuvm mines was made for each wan and correlated with his bore Pb-210, both
before and after adjustments for excretion were made. There is a definite correlaticn
between exposure and bone Pb-210 as measured, but the correlation is somewhat better vhen
adiustment for lead excretion is made. The concentration of Pb-210 in the bone of uranium
niners is related to cuaulative exposure (exrressed as Borlun Level Months) by a rower
function: pCife = 4,27 E~5 (MM){1.433). By usins a number of reasonable assumetisns, it
was possible to calculate back from the bone Pb-210 to deterl ne the amount of rado.
daushters inhaled and retained, and from this to calculate radiation dosase delivered to
brenchial tissue. These calculations indicate that one Working Level Month deliverc
arproxisately 2 rad to bronchial tissve.

86,

Biuszcz, A.» Pazduv: A

Sonekphvsiul problems of very low Rn-222 concentration meusurements with the Prorortional
counter,

NUCL. INSTRUM. METHODS 167: 299-303, 1979,

ARSTRACT: Deposition of radon atoms on the detector walls has been shewn to occur
durin measurements by means of a proportional counter filled with a Rn~222 ~ CO2 mixture,
This parer describes studies of the ehenomencn in & ranse of temeeratures. & avantitative
aocel based on the assumetion of condensation of radon atoms on the CU2 film adsorbed on
the detsctor wlls is considered. Further experiments to verify this hrpothesis are
ProPoce

Bolch, W. E.» Desai» N,. Roesslers C, E.» Kautz: R, §.

Determinants of radon Flux from comrlex media: Virsin and reclaimed lands of Florida’s
phesphate region, 13 P

ABSTRACT: Mathematical models for the transrort of radon throush tuo strata media is
described. The bilaver model reduces to a transeort equation for a sinsle laver of Finite
depth when the ypper laver does not exist. The finite mode] arproaches a simpler
expressions an infinite model. when depths exceed several meters. The models utilize a
number of media Parameters that can be measured independentlt or estimated from media
characteristics, The Parer sumaarizes the media Parameters for several land tyres found in
the West Central Florida phosehate resion. fleasured flux values by land tyee are comrared
to predicted flux values for the respective land tyre. The bilaver mode) is used to
demonstrate reclamation management to reduce radon flux at the soil surface,

Brestin, A, J.

(S)grar);zdiscussion of monitoring instrumentation in the uranium minins industev. S p.»

9.

Bresliny A, 4,

10



Monitorins instruaentation in the uraniue mining industey, 22 »., 02/--/72,

&0,

Bresiine A. J.o Gussenheim, 5. F.» Georser Ao C.v Gravesom: R T,
A working Tevel dosimeter for uranium siners. EML-333 16 .y 12/--/77.

ABSTRACT: A uorkine leve] dosimeter for uranium miners Las beet develored and
troroyshly tested, Detection is by an alvha-sensitive thermoiuminescent mhysphor
rositioned directly in front of a nenbrane filter throush which saarle air is drawn
continususty st a rate of 90 cubic centiseters/minute, Response is linear over several
decades of cumulative workins Tevel exrosyre and the limit of censitivity is atcut 1.4
W-h. Attaigment of a critical desion obiective, refiable operation in the adverse
environmental conditions of a uranium mine> has been verified bv extensive field tests

81,

Brestin, A« Jur Georger A £.+ Heirstein: M. S, Haalth and Safety Laboratery, U.5. Atemic
Enersy Coemiscion. New York NY

Investlsatxgn of the radiclosical characteristics of uranium mine atmosrheres. WASL-220 43
For

ABYTRACT: RadioTozical characteristics of the environaent:z of nine representative
urariua mines wera studied bv survey teams equirped to coiiecc ad analvze sameles
underarcund, ~ Spatial and temporal variations of radon concentration, workin level, and
raden dzyohter ratic were investisated For three of Foup davs in each mine vy cbtainies
conse. utive measurements at tveical locations and orerativns. Additional measurements
iyctuded samma radiations ore dust concentratisn, temperature, relative humidity.
baremetr1s eressures and ventilation rate. Data are summarized and discussed in the tevt,

and detailed in three aprendices.

82, ¢

Brestin: A. J, fed)
Radon Workshop, Febreary (977, HASL-225 146 p,» 07/--/77

ABQTWAL1= In February {977, a third workshop on studies of the necural radiatian
envirotment was held at the Heaith and Safety Laborutorv. Its theme was raden with
specific emphasis ¢n methods for measuring radoen and raden daushters and on ihe aselizaticn
of those methods in investisations of norma) and enhanced radon exrosures, The 30
presentations and a sumsary of discussions in an open sessien are contained in this rerortf,

Brincks W. L., Schiiekelman, f. J.» Bennett, 0. L., Bell, C. R.s Markwood, I, H

Deternination of radium remﬁvai efficiencies in water treatment processes. Technical Maote
ORF/TAD-76-5 12 po» 12/--/76.

ABSTRACT: Nume:ous well-water suerlies for ‘public water svstems contain nmaturaliy
occurring radium-226, Methods for removins radjum from driaking water myst be identified
so that drinking water treatment elants mav meet the limit set in the EPY drinking vater
requlations for radius in drinking watery 5 eCi/liter, Studies wera perécrmed by State
asenciss at {4 cities in Jowa and_ITVinois to determine the rudium rewova‘ efficiency of
four water treatment processes. Populations served by the uater trezlment elants ransed
from 235 to 25,000, The radium-226 concentration in the raw water was greater than
eCi/liter at 13 of the supplies and ransed from 2 to 49 pCifliter. Radium removal
etficiencies at plants utilizine reverse uskosis and sodium ion-exchanse processes were
aanerally goout 924, A much wider ranse ¢f removal sfficiencies, 757 to 23%, was found at
Plants utilizing the lime-soda ash softenine process. Plants ut:!xzxns 1 on_TreROvaE
erocesses only were foynd to have radium repovals ranaine érap 117 to 537, Pilet slant
ctydies at the USEPA Cincirnati laboratorv indicated that radiym removal in the lime
50 tering process is velated to the pH used in the proces.. Hisher radiup removal
efficiency accomranies hisher PH values, It is concluded that water treatment processes
are available for removins radium from drinkins water to meet the 5 rlifliter Minit.

.

Budnitz, R. .

Radon-222 and its daushters: A review of instrurentation for occurational and
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environmental monitoring.

HEALTH PHYS, 26: 145-163, 1974

ABSTRACT: The aim of this review is to provide an overview of the techniques which
have been develored for measurind Rn-222 and its daushters in various media. The miin
emrhasis is on measurements for survejllance and erotection n occurational and
environmental situstions. Measurements in specialized research applications are not
treated in detail, Overviews are first erovided of the phvsical characteristics of R 222
and its daushtersi of the sources of and tyrical levels of concentrations in the :atural
environment and in occupational exposures: and of the radiation syides. The various
neasurenent techniaues are then discussed.

Bursess, H. A.: Shapires Jo

Protection from the daushter eroducts of radon throush the use of a powered air-purifring
respirator.

HEALTH PHYS. 1St 115-121, 1948,

BSTRACT: The protection afforded by a powered air-purifying respirator asainst radon
diu!rters has been evaluated under Physiolosical workins conditions in air concentrations
of daushter eraducts in excess of E-8 Ci/1. The tests demonstrated that this device could
reuce the exposure ta the radon daushters by factors of sreater than 1000. Since the
respirator filier did not remove the radon the actual desree of pr tectlon afforded bv the
device in a radon-radon daushter atmosehere uas evaluated, Severa] different methods for
calculating dose were used and the results compared. It is sussested that a conservative
protaction factor of 20 be utilized for such devices until the critical resions of the luns
affected by exposure to radicactivity in mines are identified,

Busigin, A,s Natheani, J. S, Phillies: C. R,
Attenuation of radon flux from uranium ail! tailines br consolidatien,
HEALTH PHYS, 360 293-399, 03/--/79.

ABSTRACT: A method is developed For rredicting the effectiveness of consolidation of
uranium il) tailings in reducing the releases of radon derived from decay of radiun. The
method is based uron a mode] of the diffusion process in terms of emanation coefficients
and diffusivities, and provides for easy experimental eviluation of these rarameters. From
the model, the minunum effactive deeth of consolidated tailings can be predicted.

&7,

Busisin, A., van der Vooren: A.» Phillirs, C. R,

Interpretation of the response of continubus radon monitors to transient radon
concentrations.

HEALTH PHYS. 37t &59-667, 11/--/79.

ABSTRACT: Continuous monitoring of radon concentrations can vield substantizllv more
information than srab sameling in situations vhere concentrations vary sisnificantly vith
tine, Althoush severa] continuous monitors have been desisned, calibration is usuallr
difficult and not completely risorous. In this work a simple and risorous method
develored for the calibraion and oreration of all tvpes of continuous flou-throush
instruments. Theoratica) and exeerimental verification of the method is provided.

Busigin, A.» van der Yooren. A. K., Phillies, C. R,
Collection of radon daushters on filter media.

ENVIRON, SCI. TECHNOL. t4{5): 333-535, 03/--/80.

ABSTRACT: Filters commonly used in the collection of raden daushters are comrared in
terms of surface collection and overall collection efficiency. Alrha seectroscopy is used
to determine the masnitude of penetration of unattached and attached radon daushters to
determine the surf'f* collection efficiency of 20 different filters. Collection efficiencr
was found to be et/ .=~ively 100% in all filters. Howsver, surface collection varies
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widely, with imelications for recoil loss and for measurement of aleha spectra.

38

Carry G.s TarPam Ju To

Phase 1 demenstration and study oF ventxlatnon/f;ltratxon techniques as a uranium mill
tailinas remedial action, 74 .. 09/--776.

7.

Carson, Do W.

Canalrh-3: A portable three-channel aleba spectropeter for measuring the dawshter products
of radon and theron, MRP/MSL 79-108 (TR} &4 p.y 07/-~/79.

ABSTRACT: A portable three-chane! alrha spectrometer for the measurement of radon and
thoron daushters in uranium mines or homes is described. The computer erograms for
analysing the data to sive the workins levels of raden and thoron by both the 3irha
spectrometric and modi€ied Kusnetz methods are included alons with some tvrlca) results.

1.

Carutherss L, T., Waltner, A, W.

Need for standards for natural airborne radicactivity {raden and duushters) cencentrations
in medern buildirgs.

HEALTH PHYS, 29(5): 814-817, 11/--/73,

ABSTRACT: A syrvev of raden 222 conceptrations in the buildinas of the North Car¢lina
State University and surrounding homes is discussed. It was found that hish air activities
were not necessarily correlated with large concrete structures. Ventilation and desree of
tightness of buildines were found to be dominant factors in irdeor air radiatien levels
Increased ventilation of one cameus building sizcificantly reduced raden levels.
suggpsted maximum permissable concentrations or other radiatior standards be mandated for
building and homes.

72,

Cehn» J, L.

Coments on "Rapid measurements of Rn-222 concentrations in water with a commercial tiguid
scintillation counter.”

HEALTH PHYS. 35{é): 863, 12/--/78,

ABSTRACT: In this letter to the editor, Cehn criticizes the parer by Prichsrd "Rapid
measurenent of Rn-222 concentration in water with a commercial 1isuid scintillation
counter,” (Health Physics, 335 p 577,) In question is the reported Tover limit of
detection cbtainable with Prichard’s method of radon measurement.

73.

Chamberiain A, C.» Dysons E. D
The dose to the trachea and bronchi from the decav products of radon and theron.

BR. J. RADIOL, 29(342): 317-325, 06/--/3¢.

74,

Chapuis, A., Dailevic, D, Duport, P., Soudain, G.. Commissariat a 1’/Enersie Atomisue.
Derartnent de Protection., Service Technique d’Etudes de Protection et de Follution
Atmosrherique, Section Dosimetrie Phvsidue.

Radon dosimetrv, 35 r,

75.

Clements, W. E.. Wilkening, M. H.
Ataospheric eressure effects on 222 Rn transport acress the earth-air interface.
J. GEOPHYS. RES. 79(33): 5025-5029, {1/20/74.
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ABSTRACT: The effect of large-scale atmoseheric pressure changes on the Rn-222 flux

across the seil-air interface is investisated, Field data coilected durine 1977 and 1973

show that pressure changes of 1 21 assocxited with the rassase of fronta) svstems Produce
changes in the Rn-222 flux fro o 60% depending upon the rate of chanse of pressure
and its duration. A simple model of nolecular diffusion conbined with eressure-induced
transport in the soil has been confirmed by laberatory sxperiments using 3 v;Gtxcal column

f Ha~226 bearing sand, On the basis of this model, eressure chanses of 10~

occurr1n9 ovar a period of 1-2 davs produce Darcy velotities of the order of E-4 cubic
reters S-1 near the surface rf a seil havins a rermeability of E-B cubic meters. The
corresponding variations in the Rn~222 flux predicted by the model are in asreement with
those observed from valley alluvium in centra New Mexico,

76,

Cliff, K D
A radon dauzhter monitor for use in the seneral environment and in mines, 9 p.

CHiff. K, D,

Radon daughter exrosure of the U.K. population: Effects of enersv canservation and
Possible action to reduce exposure. 13 p

8.

Clif¥, K. D.
Assesspent of airborne radon daushter concentrations in deellinos in Grezt Britain,
PHYS, MED. BIOL. 23(4): £96-711. 1978.

ABSTRACT: Calculations of the activity concentration RA (Po-218) in the air within
1iving roors and in the outside air were made at 87 dweilinss in Enoland and tcotiand.
From these measurements tosether with 3 determination of the ventilation rate existing in
the roow at the time of the measurements, the rate at which Ra=722 is emanating from room
surfaces into room air in pCi/liter/hour can be calculated. Foui the duellinss studied the
sean emnation rate is 0.54 eCi/liter/hour and on the basis of 3 mean ventilatian rate of
one room chanse per hoyr throushout the vear and assumins an occurancy Factor of 0.8 the
rorulation exeosure rate for the populytion of Great Britain te the short~lived daushters
of Rn~222 iz estimated to be 0.15 Workins Leve! Honths per vear,

9.

Cliff, K. D.

The measureuent of Jow concentrations of radon-222 daushters in airy with emphasis on Rad
assessment.

PHYS. MED. BIOL, 23(1): $5-£S, 01/-~/78.

ABSTRACT: A number of methods exist for the measurement of the activity
concentrations of radon-222 daushters in air but in most cyses interest is centred on
deterrining the Horking Levels. In those instances where individual Jaushfer activity
concentrations are assessed the precision of the assessment of Rah (Po-Z18) is roor unless
srectrometry is used. In environmental monitoring the measurement of Rad activity
concentrations is a reliable indicator of radon activity concentrations as low as 0,05

pLi/) (50 pCi/cubic meter) of RaA to be measured with simple readilv transportable
equirment, The method presented here also measures Rab {Pb-214) and RaC (Bi-214) activity
co¥§egtratxons and Working Levels with imrroved precision compared with estabiished
wethods.

Cliffs K. D.
Porulation exrosure to the short-tived daushters of radon-222 in Great Britain,
RADIOL. PROT. BULL.€22) 18-23, OL/--/78.

ABSTRACT: A survey of the concentrations of radon 222 daushter products in and

surroundiny 87 Enalish howes has been taken, Combined with a_measurement of the
corresponding ventilation rates, the emaration rate of radon 222 was calculated, An
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adjusted mean of 0.54 eCil (sup} (-1) b {sup} {~1} was found for all homes excert thuse
using hish radiue content sranite. Using a mean ventilation rate of one air chanse per
hour throushout the vear and based on an estimated occurancy factor of 0.8, the rorulation
exposure rate for ihe porulation of Great Britain is estimated to be 0.15 WM Y {sup) (-1},
Ventilation reduction imposed by rising fuel costs is exsected to raise the present

exposure levels,

el

Cliffs Ko Do» Davies: B. L.» Reisslands J. A,
Littie danger from radon.
NATURE 279 12, 05/03/79,

82,

Cohens B. L.

Radon: CTharacteristics, natural occurrence, technolosical enhancement, and health effects
63 p.y 08/--/78.

ABSTRACT: Reviews the seneral prorerties of radon, its health effects and its various
sources. Includes discussion of the followins toricst 1) measurino technisuest 2) the
working level uniti 3) radon behavior in the atmospheres 4) radiation dose from inhalation;
5) health effects in miners and in the general publici &) evaluation of the linearity
hypothesis of dose-effectsi 7) uranium mill tailinas as a source of radens 8) heaith
effects from mill tailinesi 9) reduction of emissions from mill tailingss 10) use of mill
tailings in constructions 71) uranium mills and mines as seurces of radons 12) radon
exposure redyction throush uranium minings 13) and other radon sources such as coals
natural sas, Phosphates. and water surplies,

Coleman: R, D.. Kusnetz, H. L., Hoolrich: P. F., Heladav: D, A,

Radgn ?nd raden daughter hazacds in aine atmosrherest [nvestisations on supriemental
CoOntroi.

AN, IND. HYG. ASSOC, Q. 17: 405-410, 12/—/56.

4.

Cotle, R. fed.}: McNails P, E. Jr. ledd)

Radon in buildinss: Proceedings of a roundtable discussion of radon in buildinas held at
the National Bureau of Standards. NBS Seecia} Publication 581 83 p., 0b/--/80.

ABSTRACT: This is the proceedinss of a Roundtable Discussion of Radon in Buildinas
held .June 15, 1977 at the Matignal Bureau of Standards in Gaithersburs, Warvland. The
meeting brousht tosether a number of particirants with diverse interdiscielinary interest
in radiation protection, radiation measurement and buildins technolosy, rrovided & forum to
axchanse information, and drew attention to some of the problems and rasearch needs
associated with radiation exposure due to radon in buildings, Emphasis was Placed on (1)
the characterization of the sources and pathways of radon in buildinss; (2} the biolosical
and health eftectss (3) measurement considerationss and (4) stratesies and control
technoiosies to minimize indoor radiation exposure.

Colles R. {ed)s McNalls P, E.. Jr. led)

Radon in buildinsst Proceedings of 3 Roundtable Discussion ¢n Radon in Buildinss held at
the National Bureau of Standards, Gaithersburs, Marviand: June 15, 1979, NBS Special
Publication 581 84 .., 06/—/80,

ABSTRACT: This is the proceedinss of 3 Roundtable Discussion of Radon in Buildinss
keld June 15, 1979 at the National Bureau of Standards in Gaithersbura, Maryland, The
neeting brousht tosether a number of particirants with diverse intérdiscirlinay interests
in radiation protection, radiation measurement and buildina technolosy: provided a forum to
exchanse information. and drew attention to some of the problems and research needs
associated with radiation exposure due to radon in buildings, Emphasis was Placed on (1)
the characterization of the sourcec and pathways of radon in buildingss (2) the biolomical
and health effectsi (3) measurement considerationst and (4} stratesies and contrel
technolesies to minimize indoor radiatien exposure.
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86,

Costa-Ribeiro, C.+ Thomas: Juv Drews R, To» Wrenns M. Eos Eisenbud, M.
A radon detector suitable for personnel or ared monitorins,

HEALTH PHYS, 17¢ 193-198, 1969,

ABSTRACT: A radon detector is described which can be used to measure intesrated radon
exposure. Radon but not its daushters in the atmosehere to be samerled diffyses throush a
rorous medium into 3 chamber with a sensitive volume of 28 cubic centimeters. v
otential is maintained between a hemispherical screen and an aluminized mvlar film
covering 4 zinc suifide (InS{Pa)) coated lucite lisht pire. Hhen Rn~222 decavs. Po-218.
which_is generally produced as 2 pos:hvelv charsed wm is_electrostatically collected on
the alusinized myiar surface. Decay of Po-218 = 3,05 ain) sroduces scintillations
in the zinc sulfide, which are recorded on a Photosrarh:c film selected because of its
sensitivity to the 8500 A radiation emitted by InSiA9), The Film is then develored and the
exeosyre read by conventional densitometry, [n this eaeers the desisn of_the device is
described, and the resulis of fiefd and laboratory tests are presented, The mstrunent has
a carability of monitorian atmoseheres which averase between 40 #Ci/l, and 550 rCi/l. o
radon during a peried of 170 hr.

87

Cotes P, Carsons D. W.» Leclerc) A, Townsends M, G.s Tremblav, R. J.
Ortimisation of radon and thoron daushter countins procedures. MRP/MSL 78-201 (OP&J) 17 &,

» 10/—/78.

ABSTRACT: A seneral procedure for countins total aipha-rarticles in air containing

mixtures of radon and thoron is introduced that allows estimation of radon and thoron

daughter WL’s to Plus or minus 20%. A general procedure is also prorosed for a

3-enersv-channel alpha~spectrometer to evaluate Rafl, RaB, RaC, ThB and ThC. Theren

daushter W.'s were found to be about half those of radon dausiter WL’s in a uranium mine in
nada.

8s.

Countess, R. J.
Rn-222 flux measurement with a charcoal canister,
HEALTH PHYS, 31(5)% 455-456, 11/—/76.

ABSTRACT: A simple method for measuring radon 222 emanatxon from surfaces has been
develored, It consists of placina a U.S. Army 935 canister containing activated carbon
over 3 source to adsorb radop sas. Analvsis of the daushter eroducts formed from the
adsorbed radon is performed by 9amma spectroscopr. This process differs from earlier
methods in that there is no_need to transfer the carbon for saama analysis: thus there is
Yess possibility for rador loss, The canisters have the advantase of beins reliable.
reusable, convenient, and inexeensive. Countinm errors as low as seven rer cent are
rpssible with 100 minute counts.

Countess, R, Ju» Themas. 4. W.
Radon flask monitor. HASL-330 17 e.. 08/—/77.

ABSTRACT: A continuous monitor for radon in air based on scintillation aleha counting
has been develcped for measurement of concentrations over i pCi/l. The monitor draws air
throush @ scintillation flask and the oreration is automated such that the total aleha
counts are rrinted out every 2000s. Radon concentration is calculated with use of a
correction for daushter activity deposited in the fiask durins previous samelina.

Countess: R, J.
Measurement of 222-Rn in water,
HEALTH PHYS. 34: 330-391, 04/--/78.
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9.

Cox, F. M.
Neu solid lithium fluoride thermoluminescent dosimeters. II p.

92,

Crosg, F. To, Stuart: B, 0., Palmers R. F.» Gavens J. C., Uptons K. C,
Inhajed radon daushters and uranium ore dust in rodents. PNL 2850 (Pt. I}

PACIFIC NORTHWEST LABORATORY ANNUAL REPORT FOR 1978 TO THE DOE AGSICTANT SECRETARY FOR
ENVIRONMENT. PART 1: BIOMEDICAL SCIEMCES. 3.55-3.57, 1978.

ABSTRACT: Groues of male SPF Wistar rats were exposed to several levels of radon
daushters and vranium ore dust. These studies were desisned to elucidate the dependence of
eulmonapy disease states on radon daushter exposure rate with concurrent exposure to ore
dust, Clinical and historatholosical data to date indicate no sionificant differences
amons exposed animals when comeared with controls.

93,

Croziers W, D.» Biles) N.
Measyrements of radon 220 (thoron) in the atmosphere below 50 centimeters
J. GEOPHYS, RES. 71:20): 4735-4741, 10/15/66,

ABSTRACT: Direct measurements of radon 220 (Thoron) have been nade from the sround
surface to a heisht of 50 cms using apraratus adarted fr-om that of G.W. Israel. Activity
profiles are similar to those calculated by Jacebi and Andre and by Horael13 this suprorts
their assumption that in the 50-cm heisht ranse a Tinear increase of diffusivity with
heisht properly describes the turbulent diffusion of radicactive emissions from the svil
surface, at least for turbulence of moderate intensity. The maximum activity at sround
level, as expected, occurs at nisht during intervals of very low wind seeeds it reaches
values 75 to 150 times as hish as the typiral activities at 50 cm and I &, The raden 220
flux throush the soil surface at our site is approximatelv 2,1 E-15 curie/sauare
centimeter/seconds or 0.006 atom/sauare centimeter/second. The activities of radon 220
rlus rolonium 216 observed under conditions of verv low turbulent diffusion are capable of
vielding an ion production rate of about 250 ion pairs/cuhic centimeter/second in the
Sowest 10 on of the atmosrhere over arpreciable time intervalss this seems adequate <
explain the presence of the shallow stratum of relativelv hish seace charse density
previously reported to exist under the conditions

94,

Croziers W. D.
Direct measurement of radon-220 (thoron) exhalation from the sround.
J. GEOPHYS. RES. 74(17): 4199-4205, 08/15/69.

ABSTRALT: A method has been devised for direct measurement of Rn-220 lux throush the
sround surface (‘exhalation’), and measurements are repgrted for six sites. At one site
comparisons are made between the measured exhalation and those exhalatjons deduced from
An-220 profiles in the air above the sitet asrzement is sood with low intensity of
turbulence. Tie discrerancies with hisher turbulence are discussed.

95.

Culot, M, V. J.s Olson: H. G.» Schiasers K. J.

Effective diffusion coefficient of raden in concrete. theory and method for field
neasurenents,

HEALTH PHYS. 30(3): 263-270, 03/~-/76.

ABSTRACT: & linear diffusion mode] serves as the basis for determination of an
effective radon diffusion coefficient in concrete, The coefficient was needed to later
allow quantitative prediction of radon accumulation within and behind concrete valls after
aprlication of an imrervious radon barrier. A resqlution of certain dxscreFanc;es noted
in the 1iterature in the use of an effective diffusion coefficient to model diffusicn of a
radicactive gas throush 3 porous medium is sussested, An outline of factors exrected to
affect the concrete physical structure and the effective diffusion coefficient of raden
throush it is also presented. Finally, a field method for evaluatine effective raden

17



diffusion coefficients in concrete is proPosed and results of measurements performed on a
concrete foundation wall are comPared with similar published values of sas diffusion
coefficients in concrete,

96,

Culot; M, V. Ji» Schiaoers K. J.v Olsons H. 6.

Prediction of increased samaa fields after asplication of @ raden barrier un concrete
surfaces,

HEALTH PHYS. 30t A71-478, 06/—/76.

ABSTRACT: A sizable reductiun of the indoer radon Proseny exposure Jevel is
anticirated in structures from the apPlication of a_radon barrier to the indoor snrfices of
concrete foundations, behind or in which uranium mi)) tailinas exist. The predicted
accunulation of radon and samma emitting radon proseny behind the barrier was studied.
Radon accumulations were modeled by application of Vinear diffusion theorv to a
aultilavered system of porous media. A comrarison of the samma exPosuras associated with
concentration srofites prior to and after arplication of a radan barrier resuited in the
;redxchon of sufficiently low fractional increases to Jjustify field testing of the

arrier.

97.

Culot, M. V. J.s Schiager, K. J.» Oisons H. G.
Develoement of a radon barrier.
HEALTH PHYS. 35(2)% 375-380, 08/~~78,

ABSTRACT: Hish radon proseny exeosure exist in structures where uraniue mill tailinos
have been imeroperly used as a concrete agoresate constituent and a Jeveling or backfill
material, The application of a raden barrier on the indoor face of these structures’
foundations is considered a rotentizl means tu reduce the radon Proseny exrosure to the
occuPants, Presented here are the methods used and the results obtained in the search for
a material carable of inhibitins or entirely blockiny diffusion of a nehle radxoact:ve 9as
such as radons a material which would simultaneously offer socd durability and be
practical, Demopstration of the method’s aprlicabitity is shoun by Successful reduction of
radon concentrations to sub-backsround levels in an exrerimental building built ator
uranium piifl tailinss.

Damon: F, E., Hvde, Ho I.
Scintillation tube for the measurement of radisactive sases.
REV. SCI. INSTRUM. 23(12)% 766, 12/—/52,

Deckery H. M., Buchanan, L. M.> Hall, L. B, Goddard> K. R.

fir filtration of microbial particles.

AM. J. PUBLIC HEALTH S3¢[2): 1982-1988, 12/--/43,

Presented 01Eh PArELCAar AtAERtion Lo the ELNdE oF euvichent svai able bon Bhis FuEsose.

The potentialities and linitations of various filters and other devices are discussed.
Recommendations are 3ade for different situations.

Douglas, R, L.» Hanss Jo Moy Wolff, T. A.» U.S. Environmental Pratection Azency. Office of
Radiation Prosrams - Las Vesas Facility, P.0. Box 15027, Las Vesas NV 89114,

Working level screening survey of structures constructed of materials containing Pumice,
ORP/LY=78-6 25 p.s 05/—/18.

ABSTRACT: This rerort describes the results of a screenins survey conducted in
several northern New Mexico comaunities to estimate the levels of radon proseny {werkine
levels} in building, constructed of materials containing pumice. This localv-produced
material is used a5 a lishteeisht assresate in concrete biscks. and contains slishtiv
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elevated levels of naturgl radionuclides, The screening surver results indicate that the
use of Pusice block mav increase the workina level in the structure, althoush the effect is
w0 sma)] that it is difficult to separate it from backaround variations and from the
variability caused br other parameters

101,

Drew> R. T.o Eisenbuds M,
The natural radiation dose to indisenous rodents on the Morro Do Ferro, Brazi),
HEALTH PHYS, 12(9)t [267-1274, 09/--/6b,

ABSTRACT: The feasibilitv of studvins the dose from natyral radicactivity received by
indigznous rodents in remote areas has been demonstrated on the Morro do Ferre, a larse
hill in Minas Gerais, Brazil, The abnormaily hish ambient samma radiation, | m above the
arounds ranges from 0,05 to 3.2 mR/he, and i5 due to the rresence of thorium in the soils
and rocks,  Estimates were made of the dose from external gamma radiatioms intermally
deposited Ra-22b and Ra-223, and inhalation of Rn-220, Rn-222 and their daushter products.
The techniques used to abtain these data in the field and laboratory are described.
Externa} samad exrosure was measured by releasing trapped rodents into which fluoroslass
rod dosimeters had been implanted subcutaneouslv, The dosimeters were removed aFter
retraepins absut 5 weeks later and indicated that he averase_duse over a several week
petiod ranged from 0,15 to 0.76 mrad/hry equivalent to §.3-6,7 rad/ve. The bone dose frem
Ra-228 has been estimated bv_radiochemical analvsis, the preliminary results of which
indicate concentratios of 0.7 to 2.8 ec/o bone ash Yeading to a dose in the order of 3
ren/vr,  Estimates of the dose from inhalation of the radioactive neble sases were made
using fieid measurements of the An-222 and Rn-220 content of air aspirated from rodent
burrous, It was found that the Rn-220 concentrations varv from near normal levels to E-4
microcuries/ml. The problems invelved in calculating the dose to the luns and other oraans
from Rn~220 and Rn-222 inhalation are discussed and preliminary data are =1ven. USlnS
alternative methads of calculation the dose to the June tissues is estimated * in the
range of 3 x E~3 to 2 x E-4 rem/vr,

<
~

Dussans M. Jo» Howells D. M
The measurement of the unzitached fraction of airborne RaA.
HEALTH PHYS. 17(3)¢ 422-427, 09/--/t%.

ABSTRACT: The sisnificance of the unattached fraction, f, of airberne fafk 10
assessing the hazard from the inhalation of radon and its daushter products is discusseds
and reference made to some of the measurements of f which various workers have carried out
in mine atmospheres. A method Adevelaeed by the authors for measuring f is described. The
method entails sampling the atwssehere throusk a pair of filters positioned side br side
One of the filters is preceded by a diffusion batterv desisned to remove most of the
unattached daushters but hardly any of the attached ones, and the difference in activities
collected on the filters 15 therefore a Zeasure of the unattached daushter eroduct
concentration, Since £ if concerned only with RaA atoms it is necessary to distinsuish the
gamga-activity on the filters due to Rah from that d-¢ to Ral’s this distinction was made
by 3 alpha-spectrometr v,  Furthermcle, because of the short half-life of RaA n the one
hands and the desire for hish sensitivitv on the other, it was found necessary to measure
the activity while sanrline was in rrosress, The method has been used to measure ¥ in the
opan air and it has been found that only when both + and RaA concentration are unusuallv
Tew does the sensitivity become inadequate for a meaninsful determination of F,

103,

Buncan, D L. Bovseny G. A,y Grossman: L., Franz. G. A, 111, LS, Environmental
gggtsction Avency. Office of Radiation Programs. Las Vesas Facilitv. Las Vesas N

Qutdoor radon study (1974-1975): An evaluation of ambient radon-222 concentrations in
Grand Junction, Celerade. Technical Note ORP/LV-77-1 24 p.» 04/--/77.

Durkin, J.
fAn electronic instrument for radon daughter dosimetry. Report of Investisations 8255 22 »,

ABSTRACT: Owing to the daily exrosures of wranium »inino personnel to Rn-222
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daushterss a device is needed that will continually monitor indjvidual exmosure, Such a
device has been built and tested by the Bureau of Mines and is knvwn as & radon daushter
dosimeter, This is an electronic instrument usine a solid-state detector and circuitry.
The concept of the instrusent, which is a personal device worn throushout the working
shift, is to evaluate an individual’s cumulative exposure to airborne radon mroseny,
expressed in units of workine level hours. Since the instrusent is in close rroxxnxtv to
the miner and measyres continual exposure, it avoius the errors caused by the present
tecnnisue of spot checking of the environment and provides a more accurate account of total
curulative exposure,

Purkin, J.
Electrensc radon daushter dosimetrr.
HEALTH PHYS, 37: 757-764, 12/--/79

ABSTRACT! Daily exrosure of uranium mining personnel to Rn-222 daushters has
established the need for a device that will continually monitor an individual’s exposure.
Such a device bhas been built and tested with eromising resuits. The device is an
¢lectronic dosimeter using both a sclid-stae detector and circuitry, and is a personal
instrument worn throushout the working shift., Since the instrument is in close ereximity
to the miner and measures continually, it provides a more accurate account of total
cupulative exposure: and aveids the errors caused by the present techpiaue of spot checkins
the environment., The svstem rermits the measurement of cumulative exposures te airborne
radon erogeny, expressed in units of Horkins Level Hours (HLH}.

106,

Ellett, W. H,
Exposure to radon daushters and the incidence of luns cancer
TRANS. AM. NUCL, SOC. 27t 148-14%, 1977,

ABSTRACT: Inhatation of raden 222 daushters by miners is known to increase the risk
of luns caacer. Recent data sussest there mav be a Vinear relationshir between exrosure to
radon 222 daughters and risk. Further study of the effects of ase. sex and smoking habits
15 needed to further suanti¥y the risks. It is sussested that the risks of luns cancer tor
the workina force as a whole extends to tevels below current occurational suidelines.

107,

Ellett, W. H.
Recent advancas in understanding the risk due to the inhalation of radon daushters
HASL-325

RADON WORKSHOP:  FEBRUARY 1977, 102-104, 47/--/77.

ABSTRACT: Reviews recent advancements in assessing the risks due to abso!ute and
relative risks to U.S. uranium ainers are revised urwards by a factor of twos to 2 excess
iuna cancers per E6 orwan rem per vear at risk, and to a doubling dose of about 40 CHLM
respectivelr.

108.

gvans: R, D.
Engineers’ guide to the elementary behavior of radon daushters,

HEALTH PHYS. 17(2)¢ 226-252, 08/--/49.

Fitzoeralds J, E,» Jr.s Guimond, R, J., Shaws R. A, U.S. Environmental Protection Asency.
Uffice of Radiation Programs, Washingtons D €. 20460,

A preliminacy evaluation of the control of indoor radon daushter levels in new structures.
EPA-520/4-76-018 62 P.1 {1/

ABSTRACT: As part of its assessment of the radiolomical impact of the phosehate
industry in Floridas the U.S, Envirormental Protection Azency has surveved residences built
atop uraniferous rectaimed phosphate minine land. These survevs have shown elevated raden
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dayshier Yevels to exist in structures built on this land. In order to allow safer use of
this Jand for residentia) construction, various state-of-the-art radon daushter control
technalosies wore evaluated by the feency, These included forced ventilatiop, polvmeric
sealants, excavation, crawl seace constructions and imeroved slab quality, Froma
cost-effectiveness evaluations crawl seace construction was determined fo best satisfy the
criteria for *ortimal® radon dayshter control, These criticia L.re established as: (1)
operative passivity {i.e.: resuiring no occurant resronsibilities)s (2} uniform
effectiveness over the lifetime of a structurei (3) a one-time reasonable cost upan
implementations and (4) not having a sisnificant imeact on the lives of future occupants.

110.

Fleischer, R. L., Mosro-Campero, A.

Techniques and princieles for maepina of intesrated radon enanation within the earth.
78CRD093 4 £.. 05/—-(78,

ABSTRACT: Radon sisnals from within the sround are emmloved in totatiny subsurface
yranium deposits and are of potential use in sensing impending earthquakes. Several
factors are documented that affect the reproducibility and reliability of radon
medsuresents, and new methods are described that make curcent state-of-the-art radon
reasurements much impraved over those obtainable in the sast.

1.

Fiaischers & L.» Moaro-Camperos A.

Marping of intesrated ragon emanation for detection of lona-distance misration of sases
within the eartht Techniaues and princirles.

J. GEOFHYS, RES. 83(B7): 2539-354%, 07/10/78.

ABSTRACT: Intesrated measurements of radon concentrations within the ground but close
tu the surface are beiny used extensivelv in searches for premonitory sisnals from
earthauakes and in exploration for uranium, He present a descrirtion of the different
comronents of the radon sisnals that mav be present and describe methods for seraratins
them, We also show suantitatively ohat sisnals the different radon-intssrating devices are
senzitive to, how readings in a siven seometry can be related to actuai concentrations in
the soil 3as under conditions of diffusiona) equilibrium. and what some of the effects of
water in so1) are. This knouledse allous the maspitude of the tocal contributions to te
neasured: so that distant sisnals can be recognized as derartures from these vajues. The
importancee of recosnizing where veward transport of soil sas octurs is emphasized.

1z,

Fleischer> R. L., hosro-Camreros A.
Radon enhancements in the earth: Evidence for intermittent urflows?

GEOPHYS. RES, LETT. 6(3): 341-3¢8, 05/—/79.

ABSTRACT! Rn-222 weasurements at &0cm in the earth show backsround patterns that canm
be remarkably reeroduciole over time. At a site in New Mexico the readinss taken at
sonthly intervals over a 13-month period for a set of D5 positions sive different, but
nearly constant aonthly readinss at each position: the tvrical standard deviation being
22%. Sueerimposed on that stable eattern have been three periods during which seatially
grouped radon raadings increased bv 3 factor of 2 or more over their normal values. The
sinPiest descrirtion of the source of the increases is seoradic Puffs of upflowing oas,
orisinating at as vet unknown derths, Alternative: less likelv interpretations are
considered. Serarate perieds of mostly Tow radon values may be due to downflow of sas

113,

Franklins Ju Cov Mevers T. 0., Batess R. C.
Barriers for radon in uraniuk mines. 23 P,

ABSTRACT: Water-based epoxy sealants were examined durins a 2-vear peried to
determine their effectiveness as barriers to radon release in uranium mines. Radon
emanation rates from uranium ore sameles were monitored for extended periods in the
Yaboratory before and after sealant arplication. Reduction of radon £lux dye to the
coating of laboratery sameles was approxisately 80 percent. Test chambers in a dormant
uranivm mine were monitored Yo determine both short and fona-term barrier effectiveness
These field studies of the sealasts indicated raden flux reductions exceeding 50 percent
velatively soon after asrlication and nearly 75 percent about 1 vear later. An unexeected
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complication to early monitoring in the form of a larse radon emanztion increase. believed
due to added meisture, is discussed.

114,

Franklin, J. C.» Nuzums L. T., Hilly & L.

Polvmeric materials for seating radon sas into the walls of uranium mines. Report of
Investisations 8035 [N

ABSTRACT: The Bureay of Mines conducted extensive laboratory and limited field tests
to determine whether 2 polvaeric material could effectively reduce the emnation rate of
radon gas from uranium ore. In the laboratory 46 different sinsle-coat materiils and 14
tuo-coat arrlications were tested. The laboratory tests showed that ue to 100 percent of
the radon sas could be sealed into the rock. Materials tested in the laboratory were
rolvesters, furan resins, epoxies, latices, and totally inorsanic coatings, From the
Vaboratory work six different materials were selected for field testing. The first test
vas sinsle-cogt materials in five static chamberss the second test used two-coat
arplications in an open chamber. Both tesis were conducted in the Dakota mine at Grants,

Hext Durins the second test. the emanation rate of radon sas was reduced up to 62
Percen

115,

Fremlin, J. H., Abu-Jarad, F.
Atrha-emitters 1n the environment I3 Natural sources.
NUCL. INSTRUM. METHODS 173: 197-200, 1930.

ABSTRACT: The main natural aleha-activities arise fron uranium and thorium. There
are 4 < E9 t of uranium in the acean with perhaprs E1Z t in the tor kilometer of the earth’s
selid crusts with rather more thorium. These activities are not danserous unless inhaled
or traested and the main risk to huymans arises from the inhalation of Rn=222, a decav
rroduct of U-Z38. Radon concentrations have been measured in a number of ordinary rooms
and the emission of radium from the walls has been measured bv means of Kedak LRIIS rlastic
detectors. Rate of chanse of 3ir in each room has also been measured b releasing a seall
quantity of freop and observing the rate of loss, Fisures sussest that in Britain radon
2av te responsible for around 100 deaths rer vear from Tuns cancer.

6.

Fy-Chias ¥.. Chia-Yons, T,

The general formula for the measurement of cencentratzons of radon and thoren daushters i
air,

HEALTH PHYS, 28(5): 503-503, 05/--/78.

17,

Gamnage, R, B., Kerrs G. D.. Huskev, L,
Exploratory studv of the use of TSEE dosimeters in radon monitorins.

HEALTH PHYS, 20(1): 145-142, 01/--/76,

118.

Geigers E. L.

Operating experience with equipment for continuous monitorins of radsr sas and raden
daushters.

119,

Geigers E. L.
Radon film badoe.
HEALTH FHYS, 13(4): 407-4L11, 04/--/67.

120,

Heorses A.» Bresline A, Je
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Derostion of radon daushters in humans exrosed to uranium mine aimosrher-es.

HEALTH PHYS, [7(1)3 115-124, 07/--749.

ABSTRACT: Uranium azne and laboratory exveriments are described for the determination
of total respiratorv depcsition of radon dayshters tosether with the effect of Particle
sizey tidal volume, respiratory freavency, reual dsrosition and srowth of radon daushter
rarticle size. Tota) reseiratorr derosition of radon daushters measured in humans exrosed
in uranium mines was found to ranse from 23% to 4%, From the aine and laboratory
experinents, both rarticle size and tidd) volume were found to influence deposition,
fractional derosition increasins with decreasins particle size and iincreasing tidal
volume. Particle size differed with location within a mine. No dependence of deposition
on respiratory frequency or minute volume was discerned. In laboratory exmeriments, nasal

derosition of athched and unattached cadon daushters was fount to be 2% and &2%4,
respectxvelv and evidence was develored indicating the ramid srowth of radon daushter
particles in the respiratory tract.

121,

Georges A, Co
Radon and raden daushter field measurements. 9 p.
ABSTRACT! Practical methods for measuring the concentration of radon and raden

daughters in air are reviewed and procedures and instruments are recommended for reliable
field measurements,

122

Georges A, (. Breslim A. .

The distribution of ambient radcn and raden daushters in residential buildings in the liew
Jersev~hew York area. P,

George, A, C.
Scintiliation flasks for the determination of low level concentraticns of radon.

PROCEEDINGS OF NINTH MIDVEAR HEALTH PHYSICS SYMPOSIUM.

RABSTRACT: Simple, inexeensive scintitlation flasks that are easier to maintain any
are pore sensitive than flasks of conventiop2! desisn have heen fabricated for measurine
environmenta) radon, The flasks which are of two sizes (2 inches and # and a half inches

diameter), are constructed of plastic tubins and sheet, fitted with brass valves for
flou~throush samele collections and are coxted internally with silver-activated zinc
suifide phosphor, When counting backoround becomes excessive throush use, the flasks can
be easily cieaned and resehosphored. The sensxt:vxt:es of the smell and larse radon flasks
for | pCi/]iter of Rn-222 are about 0.7 and 2 crm reseectivelys when_counted after the
Eiushte;: aave arown into equilbrium uxth the radon, compared to about 0.5 cem for standard
ucas flasks.

124,

Seorges A. T.» Hinchliffe, L.
Heasurenents of uncembined radon daushters in uranium mines,
HEALTH PHYS, 23(6): 791-803, 12/--/72.

ABSTRACT: Uncombined fractions of radon daushters were measurad in several locations
in each of b uranium mines with 3 diffusion- tvre sampler adapted from an instrument
develored by Hercer.  Simultaneous medsuremsnts were obtained of radon sas concentrations
working Tevel and rarticle concentration, Expressed in accnrdance with the ICRP
definition of uncombined fraction, f: values obtained ransed from 0.002 to 0,12 with more

than hatf being Tess than 0.03, The hisher fractions were found in fresh ventilatins air
uncontaminated by diesel ensines or dustr operaticns. An inverse relationshie was noted
between uncombined fraction and Particle concentration, which ransed from 2 E3/cubic
centimeter near ventilation inlets to more than E7/cubic centimeter in min haulasewars
and workins stores.
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Georse: A, C., Breslin, A, J, (ed.)
A rassive environmenta! radon monitor, HASL-325
RADON WORKSHOP. FEBRUARY 1977. 25-30, 07/--/71.

126,

Gesell> T. F.
Occupational radiation exposure due to Rn 222 in natural sas and natural sas eroducts.
HEALTH PHYS. 29(S): 481-687, 11/--/75,

ABSTRACT: The eotential hazacd of occurational exeosure to the r-dxatxons of Rn-222

and_its daushters in the natural sas industev is examined, The results of a study of

Rn-222 concentrations and external radiation fizlds in nine seosrgehically diverse natural
9as processina plants are given, and the results are interpreted in teras of ofcuratignal
exposure, It ic concluded that while both intermal and externa) exposures to the radiation
from Rn-222 and its short-tived daushters do occurs the masnitudes of the exposures are not
serious. The potentia’ problem of exrosure durins maintenance operations to Jons-}ived
Rn-222 daushters which mav build up on the interior surfaces of sas erocessine esuirmwnt is
recosnized but not vesolved.

127,

Gogolaks C. Y., Beck, H. L.
Diurnal variations of radon daushter concentrations in the lower atmosehere. 33 p.

ABSTRACT: A series of experiments has been performed in which the Rn=222 decay
products Po-218, Pb-2{4, and Bi-214 have been measured simuitaneously at 1, 10 and

meters 2bove the sround to studv the diurnal chanses in the vertical concentration
profiles: and the extent to which these chanses derend on diurnal chanses in radon
exhalation rate and vertical turbulent diffusivity. The Bi-214/Pb-214 activity ratie was
used to indicate the state of eauilibrium between radon and its daushters. These Mata were
compared to numerical solutions of the one-dimensional diffusion emation, which were
obtained for various time-derendent diffusivity profiles and exhalation rates

Goldsmith, W. A.. Havwood: F. F.» Leogett: R. .. Union Carbide Corporation
Transport of radon which diffuses from uranium sil} tailings. 20 p.

ABSTRACT: Considerable attention has been siven recently to potential hazards of
radon exposure in the vicinity of large piles of wranium mine *ailings. A procedure has
been developed, using the results of numerous inderendent investisations: to describe the
averase annual behavior of radon which escares from a tailings pile. The raden source term
is develored from known erofiles of Ra-226 in soil and is treated as an area source.
Dispersio: . calculated by using local meteorsiosical data in @ Gaussian diffusion model,
A cowrartson has been made betueen calcylated annual averase radon concentrations
attributable to the tailinss pile in Salt Lake City, Utah, and a series of raden
measurepents which were made in the vicinity of the tailings pile over 3 meriod of one
vear., Population exposures were estimated and compared to those associated with exposure
to backsround concentrationt Rn-222. It was found that annual exposures to Rn-722 of
tailings pile origin are about 10% of those associated with backsround Rn=222 in the Salt
Lake Citr metrorolitan area.

129.

Goodwin, A,

Probiens and technizues for removal of radon and radon-daushter products from m:ne
atmospheres.

NUCL. SAF. 14(6)¢ 643-850, 11/—/73.

ABSTRACT: Ventilation with fresh air has been, and w1il continve to be, the erimary
solution for controlling radon and radon-daushter activity in mines, Howevers procedures
to make the ventilation process more effective and to reduce confamination have been
prorosed, such as sealing off of old workinss, the use of ceatings to reduce radon inflow,
and mine pressurization, Air-cleaning technisues have proved successful in certain
aprlications. For example, radon daushters can be removed by mechanical filterina and by
electrostatic preciritation methods, both of which remove condensation nuclei to which
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radon daushters become attached, The radon sas that easses throush continues to decays
but, in the absence of condensation nuclei, the daushters have larse diffusion lensths and
are trarred on the walls of air courses, thus inhibitins their srowth. Radon sas fas been
Inccessfully cemoved frok aita althoush there are no known remorts of this havina been done
in operatins mines, It has been cartured on activated charcoal and silica sel and
chemicall rewoved by reacting with a halosen fluoride and a aetal fluoride.

130,

Gotchyy R. L.» Schiagers K. Jo
Bioassay nethods for estimatins current exmosures to short-lived radon proseny.
HEALTH PHYS. 17(2): 199-218, 08/~/'9,

ABSTRACT: Concentrations of Pb-210 (RaD) and Po-2§0 (RaF) were measured in the urine,
feces, bloods hair and whiskers from 25 pecele associated with the omeration of a uranium
mine near Goldens Colarads. The concentrations of Pb=210 and Po-210 in blood, hnr and
uhiskers were found to be correlated with occupational exmosure by rower Functio
relationshirs. Blood ievels of Pb-210 rovide reasonible estimates of sean exposure levels
in the ranse of 1-5 working levels (Plus or cinus 07 or better! for samsles mooled for one
or mere calendar quarters. PH-210 or Po-210 activity in either hair or whiskers can be
used to estimate mean exposure levels in the ranse of 0.4~7 workins levels (plus or minus
50% or better) when samrles are pooled for one or more calendar quarters. R decreasing
exponential relationship was found between the Pb-210 to Po-210 activitr ratios in the
biood of workins uranium minets and vears of undersround experience. Possible applications
of these relatignshiss to exkasure moniforiny and some of the inherent problems associated
vith bioassavs for uranium mirers are discussed.

138,

Groers P. G.» Keefes Do J.» McBowell, W. P.: Seloan, R. F.

An instant working Jevel meter with automatic individual daushter readout for uranium
mines,

PROCEEDINGS OF THE THIRD INTERNATIONAL CONGRESS OF THE INTERNATIONAL RADRIATION PROTECTION
ASSOCIATION,  950-956

ABSTRALT: The Instant Workino Level Meter (IWLH) evaluates the Workins Level and the
individual Rn-daushter concentraticns in an uranium rine ahosphere within hve pinutes.
The instrument is portable and Fullv autem:tic, The WL and the Raf, RaB and RaC
concentrations (eCi/liter) are diselaved in disilal foew, Cajculation of these guantities
is perforned by a pre-prosrammed MBS calculator chip using the counts observed in the
instruments’ three channels {Raf, RaB + C, FaC’). The Rn-daushters are collected on a
membrane filter at a flowrate of 12 liter/min. Alsha-seectroscory is performed with a
silicon surface barrur detector, the beta + samma-counts are detected with a plastic
scintillator plus PH tube, No assumptions zbout Rn-daushter esuilibrium are made. Oaly
constancy of the Rn-daushter concentrations during the time of sameling (2 minvtes) is
assymed. The unit is entirely solid siate with exception of the rhotomulti=lier, The
range of the instrument is 0,01 - 100 WL,

132.

Groer, P. G-

The accuracy and precision of the Kusnetz method for the determination of the werkins lavel
in uranivm mines.

HEALTH PHYS, 2311): 106-109, 02/--/72.

133,

Groers P. G.» Evanss R.. Gordons B. A.
An instant working level meter for wranium mines,
HEALTH PHYS. 24: 337-395, 04/--/73.

ABSTRACT: The Ipstant Workino Level Meter (IMLM) evaluates the MWorking Level (WL, in
a uraniym mine atmosphere uxthm 4 ain. Two minutes are needed to measure the backsround
nostly due to ambient samsa radiation and two minutes are scent to measure backsround elus
WL. It has two aleha channels {Rah and RaC’) and one beta + samsa channel (RaB and RaC
The counts in the different channels are multirlied electronically by calculated weighting
coefficients and combined to sive the WL, MNo assusptions about Rn daushier esuilibrium are
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eade, Only constancr of the radon daushter concentrations in the atmosshere durins the
time of sampling is assumed. So far a total of 5 instruments of the tvpe described in this
report have been built and used in uranium mines.

134,

Grots R. Ae» Clarks R. E.
Air leakase characteristics and weatherization techniques for Tow income housins, 28 p.

ABSTRACT: Data are presented on the air infilteation characteristics of approximately
250 dwellinss occuried by low-income households in 14 cities in the United States., The
duellnnss are lotated in all mijor climatic zones of the countrv. The air leakase

horacteristics of these buildings were assessed usins two types of measurements: 1)
tracer—sas decay technizue usxns air sample bass, which was developed by the National
Bureau of Standardss and 2) fan depressurization test. The actual air infiltration rates
of this srour of duellinss are presented, The induced air exchanse rates obtained frow fan
deeressurization tests are also siven, and it is shoun that Tittle correlation exists
betwsen the latter results and the actual air ipfiltration rates in these deetiings so long
as no effort is made to divide the buildings into classes of similar buildings. The use of
fan depressurization as a_diagnostic tool to assist weatherization crews in tishtenine
buildings is discussed. Preliminary estimates are eresented of the reduction in induced
air leakase that mav be achieved by aerlving buxld:ns weatherization technidues.

Guasenheim: S, F.. Georse, A. C., Gravesons R. T.s Breslini A, J.
A time-intesrating environmenta) radon daushter monitor
HEALTH PHYS. 24t 452-455, 03/--/79.

13¢.

Guimond, R. J.» Jr.s Ellett, W. H.» Fitzserald, J. E., Hindham, S, T.» Cunv: P. A,

Isgoor radlat}gg exposure due to radium-226 in Florida rhosphate lands. EPA 520/4-78-013
Par )--.

137,

Hagi, M., Savani» N. K.» Raes P. V., Wethinston, Ju Auy Jru
Statistical analvsis of cadon flux seasurements. 20 p,

BSTRACT: The radon emersing from the Eapth’s surface can be used in classifving
lands for develorment purposes. Radon flux is subiect to diurnal variation, weather
variables) seasonal fluctuations etc. We have attemeted to apeiy statistical sameling
pracedures to this problem in order to ascertain the prorer spacing of sawpling points. the
nuaber of samples taken at each point per davy and the number of davs in the sampling
progTan ia order to establish the exhalation rate at a known rrecision. Results from smal)
and larse pieces of land showed that reliable radon €lux measurements require extensive
sameling prosrams. For best results, preliminary measurements should be made. and the
resglts]should be used to determine the number of determinations needed in the fimal
protocol,

138,

Hamilton, E, I.
The relative radisactivity of buildins materials,
AM. IND. HYG, ASSOC. J, 32(6): 398-403, 06/--/71.

ABSTRACT: The concentrations of rotagsium, thorium uranium: and radiums and the
relative radicactivity of building materials used in the United Kinsdom are described
Pacticular attention is paid to a potential building buildins material, namelv: ca)cined
ayrsum prerared as a byproduct in the uanufacture of superphosehate fertilizers. The
radicactivity of this avrsum miterial varies according to its orisin but is Tikely teo
exceed that of anv other building material. The wide scale use of this material has to be
consid:red in relatien to both somatic and senetic radiation dose of individuals and larse
porulations.
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3

Hameons M. G.. Ernst. K, Gaskills J. R.. Newton, J. .. Morris, C. J
Development and evaluation of radon sealants for uranius mines. UCRL-51818 67 p.y
05/21/75.

140,

Hammon, H. G.» Ernsts K.» Newton: J. C.
Noble sas permeabiiity of rolvmer films and coatinss.
J. APPL, POLYM. SCI. 21: 1989-1997, 1977,

ABSTRACT: Permeabilities of noble sases, particularly arson, kiveton, and xenon, were
measured throush 3 number of polvmer films and coatinss. Extrapolation of the loo of the
peraeation coefficient versus the square of the gas melecular diameter was used to estimate
radon permeability. @n eauation has been develored that can eredict rermeabality to these
noble gases as a function of the base polvmer structure of the coatins.

131,

Hasues A, K. M. M., Collinson, A, J. L
Radiation dose to the respiratory system due to raden and its daushter eroducts.

HEALTH PHYS. 13(5): 431-443, 05/--/67.

ABSTRACT: Annual radiation doses to the reseiratory system due to raden and its
daughter products have been calculated in various workins environments of Lenden (U.K.)
area. The method is based on an accurate calculation of the enersy dissiration of
gam-particles in the vulnerable tissue, 1 micro-diameter and tocated at various derths,
tron the daushter activity calculated from the deosition rates and the mucous movement.
The proportions of the dayshter activity present as free ions in air have been calculated
trop extensive pyblished theoretical and experimental results. As a more realistic luns
nodel, an extensive set of experimpental data on aerosels and a mere precise calculation of
enersy dissipations amons other, have been emploved in the present studvi it is claimed
that the method 35 an advance on those Altshuler. Nelson and Kuscier and Jacobi. The
radiation dose is found to be hishest in sesmental bronchii in comparisen with Altsiuler et
al.’s results, the present calculation almost alwavs i

142,

Harlevs N. H.» Pasternack: B. 5.
The rarid estimation of radon daushter workins levels when daushter esuilibriue is unknown
HEALTH PHYS. 17(1) 109-118, 07/—/69.

ABSTRACT: A technique is described based on a method of Kusnetz which alious radon
dayshter working Tevels to be determined after a sinsle aleha count on 3 filtered air
sanrle. The value of dis/min/1, determined from this count iy divided by a universa}
factor which covers anv daushter esuilibrivm situation. te obtain the value for working
levels, The error associated with the workino level value for this universal factor is
less than plys or minus 25%. Factors also derived for specific ranoes of daushter
equilibrium to be used when the ranges are known, Whenever information is available
concerning the ranse of eauilibrium, the error associated with this ca\cula\xon is reduced.
For examples; when the range of Rafl/RaB/Ral’ is known to be between 1/1/1 and 1/0,1/0,01,
the error associated with the working level is no more thap plus or minus 134, The
techpinue reayires one aleha count at 30 or 40 min after the end of samplina and Gnr this
reason 15 a hishly practical techniaue for use in uranium mine monitorins, A table of
values is included which allows the calculation of these facters for anv desired
concentration or ranse of concentratisns.

143,

Harter: N. H.. Pasternacks B. S.

Alpha absorrtion measurements arrlied to Tuns dose from radon daushters,

HEALTH PHYS. 23(6)¢ 771-782, 12/--/72.

olvcarbontts Which 13 exsontial v, Hembict] bo Tidsee honization cotentia Mok

transmission and storpins Power data were develored for the radon daushters Rah (Pg-218)
and RaC’ (Po-214). The experimental storring Power measurements were found to be in
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agreement with values calculated usine the Bethe-Bloch eauation and the Brass addivity
rule. Exrerimental aleha attenuztion data were also obtained in 3 sas with the sase
conposition as ICRP tigse and were found to be identical with that in the s0)id tissue
equivalent, The exrerimental data were then aerlied to determine the seatial distribution
of alpha dose in bronchial epithelium when the almha activity is rresent in mucus on the
tracheobronchial surfaces. Dose cyrves as a function of depth into the ronchial
epithelium were developed for two d1fterent air wav diameters, The a dqse fgon
exposure to radon daushters was computed usms the bron:hul ichvmes er1v

Altshuler for a radon concentration of 100 pCi/l. The new dosimetey vields results which
are lower by about 20%. An independent dose :a\cuhhon for radon daushters was also
rerformed incorporating more recent ditz on mine atmospheres. The aleha dose to bronchial
erithelium ysing these facters was found to be considerably lower than any calculated
eraviously for the same radon concentration, A few alrha doses were also computed in terms
of workina level units, It was shown that the alpha dose for one working level wav Le
widelv different derendins upon the ratios of the radon daushters.

144,

Harstad> J.' B.» Deckers H. M., Buchanan, L. M., Filler, M. E.
Air filtration of submicron virus 2erosols.
A, J. PUBLIC HEALTH S7412)¢ 2186-2193, 12/--/67.

ABSTRACT: A new method is described for evaluatins air filters with submicron
aerosols, The methed is unique in that the aerosols were vibles hishlv concentrated. and
comrosed entirely of submicron pacticies (0.1 micron D), Tests were conducted to comeare
air filters in removing submicron T1 phase aerosols and bacterial aerosels of Bacillus
subhl s var niger spores {1 micren NMD). Architects, ensineers: and research
estisators concerned with control of submicron paticles misht consider filtration rather
than other methods of air cleaning.

145,

Hausknecht, D. F.: Rogozen, M. B,

Residential radon levels from solar rockbed storase! Technical note 382-00-1f.
SAI-1-048-80~545 15 p.. 01/11/80.

Havwood, F. F., Hawthorne» A. R.» Stones D, R.. Unien Carbide Corporation.,

Measurements of airborne Pollutant concentrations inside a well insulated structure with
Youw ventilation rate. 3 .

147.

Havwood: L. R.
Selection of radon level correseonding to 0.02 WL, 11 p., 02/--/80,

148,

Healv, J. W., Rodgers: J. C.
A preiiminary study of radiun-contaminateed soils. Informal Report LA-7391-MS 45 p..

—178.
ABSTRACT: A preliminary study was made of the potential radiation exposures to peorle
from radius contamination in the soil in order in vrovide suidance on limits to be applied
in decontaminatine land, Pathwavs included were inhalation of radium from resuspension:
ingestion of radium with foodss external gamma radiztion from radium daush(ers, inhalation
of radon and daushter, both in the opep air and in housesi and the intake of Pb-210 and
Po-210 from both inhalation and insestion. The depth of the con amnated lavar is of
importance for external exrosure and especially for radon emanation, The most limiting
pathuway was found to be emanation of the raden into buildings with limitins values
comrarable to those found naturally in many areas.

49,

Hessy C. T., Casmarius, R. E.» Morton, S. A.. Brutsaert. W. F.

The investisation of natural levels of Rn—222 in ground-water in Maine for assessment of
retated health effects. 29 p.
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Hitl, A,

Rarid measurement of radon, decav products, unattached fractions: and workins level values
of mine atmosrheres.

HEALTH PHYS, 28t 472-478, 04/~/T3.

151,

Hofmann, W.» Steinhauslers F.y Pohls E.

Agze~, sex- and weisht-derendent dose distribution patterns for human orsans and tissues due
te inhalation of natural radicactive nuclides. P,

ABSTRACT: Dose cajculations due to inhaled radignuclides are in senera] based on the
luns model of the ICRP Task Grour on Luns Dynamics, At} its parameters, includins the
pathuars to other organs. refer to an adult “Reference Man*, also averasing for the
ditferences in sex and weisht, At first we develored ase-derendent lung models usins
feasible theoretical considerations as well as the experimental data siven on the postnatal
arouwth of the respiratory tract. On the base of these age-derendent models we then
calculated the remional particle derosition for the short-lived decar mroducts of fn-222
and Rn-220, as these radionuctides occur everywhere in our environment outdoors as well as
indoors. Dose calculations were carried out for defined reference atmospheres and living
activities the latter being reseonsible for the reseiratory minute volume, The mean doses
for the various rarts of the reseiratory tract as well as for other orsans show a maximum
at the ase of about six vears. These are mere than twice as hish as with an adult for mest
of the orsans and tissues, We found the half-line of the clearance time for the absoretion
of decay products from the alveolar resion into the blood to be about one hour in
contradiction to the ICRP retention model. Furtheraore it was shoun that for mrecise dose
calculations the differences in sex and weisht have to be considered as weil.

152.

Holaday. D. A,, Rushing, B, E.. Coleman, R, B., F., Woolrich P., Kusnetz, H. L., Bales W,
£.7 U5, Department of Health. Education, and Welfare, Public Health Service. Bureau of
State Services. Division of Secial Health Services. Occueational Health Prosram.

Control of radon and daushters in uranium mines and calculations on biolosic effects. PHS
Publ, 493 77 p.> 1957,

Holleman, D. F.. Martz> D. E.» Schiasers K. J.

Tota} reseiratory derosition of radon daushters from inhalation of uranium mine
atnoseheres.

HEPLTH PHYS. 17 187-192, 1969.

154,

Hollowell, C. D.. Budnitz, R. J.o Cases G. Di» Travmor, G. .

Combustion-generated indoor air pollution: 1. Field measurements 8/75 - 10/75. LBL-4416
23 o> 04/--176.

ABSTRACT: The indoor air auality of six homes with sas and electric cooking and sas
heatins appliances was characterized to determine the level of saseous and aerosol air
rallutants from typical indoor combustion sources., Field measurements of S02, NO/NO2, 03,
and (0 were determined on a Lontlnuous basis. Total aerosol sameles were collected on
filter media for laboratory a:alveis by X-ray fluorescence and techniques for the
determination of aerosol elemental composition and ionic species such as 504, NG3, and NHA
Results of the studv indicate that levels of szseous and respirable aerosel air rollutants
in the indoor environment do frequentlv exceed those levels commonly found in the outdonr
urban air.  Such findinos way have a Tarse imPact on the future desisn of epidemiolosical
studiess n enersy conservation stratesies for buildinas, and on the need for more
stringent ctontrol of air pollution from indeor combustion scurces.

Eolaouelly €. D.s Berks Ju V.o Boegels M. L.o Ingersolf, J. G.» Krinkel, D, L., Nazaroff
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Radon in energy-efficient residences. LBL-9560 11 p., 03/--/80,

ABSTRACT: Radon concentrations were measured in seventeen houses incorporating
enersy~s5aying features, most of which included specitic aeasyres to achieve low
infi)tration rates. Ventilation rates in these houses ransed from 0,04 to 1,05 air chanses
per hour correspfndxns radon concentrations were found to ranse from 0,6 to 22 aCi/cubic
meter.  In generals radon concentration tended to increase with decreasine ventilation
rate. In one house. a mechanical ventilation svstem with an air-to-aic heat exchanser was
installed: and radon concentrations were measured at selected ventilation rates. The
correiation between increasins ventilation and decreasing radon concentration was
confirned, and it appears that mechanical ventilatijon with air-to-air heat exchansers can
saintain air quality as well as enersy efficiencr in manv houses where air quality problems

exist.

136.

Holmaren, R. M.
Working leveis of radon daushters in air determined from measurements of RaB + RaC.

HEALTH PHYS. 27¢ 141-145, 07/—/74.

197,

Holowars C, F.» Turner, J. E.o Johnsons M. L., Loebl, A. 5,
Bibliosrarhy on the dosimetrv of radon and radon daushters. ORNL-5284 76 ., 02/--/78.

ABSTRACT: This selection of 479 parers throush 1976, dealino with various aspects of
the dosimetry of radon and its daushters, shouid be of interest to those concerned with
assessing Jiterature on problems associated with uranium mines and mill tailings and with
develorment of criteria for the disposition of sites contaminated with uranium and its
decay products. Major torics include backsround levels, epidemiolosy, food chains,
ingestion, intalation, metabolic models, patholosy, svnersistic effects of smokins plus
inhalation of radon daushters, soil, stapdardss uranium mine and mill tailinss and
contamination of water, The princiral elements covered are uranium, radium: radon.
rolonium, lead and bismuth. The papers are classified into 35 catesories, ransins
alrhabetically from AIR to WORKING LEVEL, each containins ur to seven subcatesories

138,

Holub, R. F.: Droullards R. F.. Ho, W, L.+ Horkes P, K.s Parslevs R.» Stukels dJ, J.
The reduction of airborne radon daushter concentration by plateout on an air mixins fan

HEALTH PHYS. 35(4): 497-504, Q4/—/79.

ABSTRACT: A series of experiments have been made in the U,S. Bureau of Mines Radon
Test Chamber to study the effects of condensation nucleis humigity and turbuleace on the
rarid derosition or Plateout of radon daushier activity on the chamber walis. Undep Tow
humidity conditions the rresence of a =mall fan reduced the working Ieve by 417, The
activity was not deroslted on the walls by the turbuient flow from the fan but actuallx
became attached to the fan blades, Hish relative humidity (sreater than 802} totally
inhibited this observed effect. A detailed mechanism For transeort of the daushter seecies
seens to be the critical factor in interereting the experimental results.

159.

Hursh, Jo B.s Morkens D. A., Davis. T. P.. Lovaas, A,
The fate of radon ingsested by man.
HEM TH PHYS. 1116): 845-4T6, 0b/--/8S,

ABSTRACT: Four experiments were performed in which tue subjects on two occasions
drank aeProximately ! microcubic padon plus daushters in 100 millimeter of water.
Measurements on radon loss in expired air, whole body Radium C content> and radon in the
blood permit the calculation of an (MPC)w of 2,0 x E-& microcubic/millimeter for
accupational exposure. This is based on the stomach as the critical orsan but doses to the
Tung, kidney and liver are estimated.

160.

Irfan, M., Fagan, A, J.

30



Measurement of radon daushters in air usins gamma seectrometry.
NUCL. INSTRUM. METHODS 166: S67-570, 1979,

ABSTRACT: A nethod is gjven to determine relative values of concentratlons of radon
daushters, Raf, RiB 4nd RaC: in the atmosehere by measuring the samma activity of il
coltected on a filter throush which air is sameled for a short time. Tihe method is based
on resression analvsis of intesrated countr observed in several time intervals of a few
minutes duration. A method of calibration enablins a determination of absolute values of
concentrations of radon daushters is also promosed.

161,

Jacobi, W.

Theddoge to the human reseiratorv tract by inhalation of short-lived Rr222- and Rn220-decay
rroducts.

HEALTH PHYS. 10012)2 1143~1174, 12/--/81,

ABSTRACT: The deposition of Rn daushters in the different resions of the human
restratorY tract_is derxved from the rarticle size of their carrier aerosel in ordinary,
unfiltered air.  The resulting mean distribution of the radicactivity in the resiratory
tract is estimated, taking into account the clearance from the alveolar tissue and the
ciliary transpopt in the bronchial tree. The radiation dose distribution in the epithelium
of trachea and bronchi is calculated, takins into account the alrha-~absoretion in the mucus
laver and the variation of storping rower with alpha~energv. The resultins mean abso]ute
aipha-dose in gifferent resions of the respiratory tract is siven for each inhaled nuclide,
esrecially at their natural level in atmospheric air and their maximum permissible level,
The resylts indicate. that owing to the ciliary transrorts a considerable fraction of the
dose in the ueper reseiratory tract is due to the transfer of activitr from the bronchieli
and lguer bronchi in the mucus stream. The hishest dase should be expected in the lower
bronchi.

162,

Jacobi: W.

Relations between the inhaled rotential alsha-enersy of An222- and Ru220-daushters and the
absorbed alpha-enersy in the bronchial and Pulmenary resion.

HEALTH PHYS. 23(1)s 311 07/—/72,

ABSTRACT: On the basis of the new ICRP-lued model the ration of the absorbed
alena-energy or intesral aleha-dose in the bronchial and pulmonary resion to the inhated
rotential alpha-enersv is estimated as function of the acrosol concentration, the
wventilation rate and the wall-derosition rate in the workins area. With increasing
aerosol concentration and decreasing ventilation rate this ratio decreases in the bronchial
resion but increases in the puloonary resion. Finally the ressible variation of bronchial
and pulmonary dose per WLN inhaled is discussed with respect to the maximum permissible
annual intake of Rn- and Tn- daushters.

163,

Jamess A, C.» Stranss J. €.
A radon daushter monitor for use in mines.

PROCEEDINGS OF THE THIRD INTERNATIONAL CONGRESS OF THE INTERFATIONAL RADIATION PROTECTION
ASSOCIATION, 932-938

ABSTRACT: & self-contained monitor for the measurement of airborne RaA, RaC and the
working level, WL, in the shortest practicable time and with 2 minimum of talculation is
described, The ratio of two gross aleha-counts sives, directly, the ratio of airberne
aleha-emitter concentrations. RaC’:Raf, after collection on a filter. This is achieved
because the contribution from airborne RaB to_the measured alrha-activity is minimised by
choosing short samrling and countins times. The RaA concentration is derived from
first alpha-count. during air samplins, W §s derived from the second aleha-count, No
backsround correction is required. Systematic errors in estimated quantities are smll,
With 3 total measuring time of eleven minutes, the limits of detection are arproximatelr L
pLi/litre for Raft and 1.0 x E-4 for WL.
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Johnson: J. E.. Olson, H, Goo U,S. Derartment of Enersv. Solar Enersy.

Measurenent of 222 Rn build-ue in solar heated buildings and calculation of radiation
doses: Final report of lnnovative Research Prosram Subtask for eeriod December
1977-September 1978. C00-4546-2 5 p.» 107178,

165,

Johasons R. H.» Jr.s Bernbardt. D. E,. Nelson, N, S.» Callevs H, Wer Jr,

Assesslent of potential radiological health effects from radon in natural osas,
EPA-520/1-73-004 60 p., 11/--/73.

ARSTRACT: Natural sas contains varvins amounts of radon~222 which becomes dispersed
in hones when natural sas is used in unvented appliances. Radon decavs to aleha-emitting
daughter products which can contribute to lung cancer when inhaled and deposited in the
respiratory system. For the averase use of unvented kitchen rinses and srace heaters, the
trachecbronchial doge esuivalent to individuals was estimated as 15 and 54 arem/vrs
resrectively, or 2,73 million person-rems/vr to the United Stites rorulation, 4 revxeu of
exposure conditions. luns mode] marameters, dose conversion fictors. and health effect
factors indicated this porulation dose equivalent could potentialy lead to 15 deaths a vear
fron lung cancer. This rerresents only 0. 3 te 0.08 percent of norsal lung cancer
mortality. Since control of radon levels in gas would cost over $100 million for each
reduction of one health effect, it was concluded that 3 reauirement for such controls would

not be cost effective on a national basis

Jenassen, N.
Indoor radon concentrations and building materialst Control of airborne radioactivitv, 7

ABSTRACT: The contribution to the airborne radioactivity from the bulldlns raterials
can be predicted by measurements of exhalation rates of samPles placed in clos
containers. The effect of samele dimensions. porosity and dead srace on the back diffusion
is discyssed, and it is shown that the back diffusion will usually not change the measured
exhalation rates with more than 10-15%4. Efforts on reducins ventilation rates in order to
save energy can lead to unacceptable hish levels of radon and radon daushters in the indoor
environeent. The major radon source for indoor air is often the sotl> from which radon can
diffuse throush the base of the house. The posibility of reducing the diffusion rate by
proper composition of the floor and base material is mentioned, Finally the results of an
investisatior op reducing the radon daushter concentrations by circulation and filtration
are reported. It is shown that a passase of the air throush an ordinary filter with a rate
of 1-2/hour may reduce the radon daushter leve) with a factor of 5-10.

167.

Jonassens N.» McLaushlin: J. P,
Exhalation of radon-222 from building materials and walls. 16 p

ABSTRACT: On the basis of a linear diffusion model the porosity, diffusion lensth and
radon production rate can be found for a siven material br placing a samrle of the material
in a closed vessel and followins the build up of activity at various (constant) eressures.
The model was tested on an alum shale Tisht ueisht concrete fwith a radium content of
approximately 5 po/el. The exhalation rate of radon from a series of buildino materials
ws deternlned br placing the materials ip a closed vessel and measuring the equilbrium

activity, The mode] eredicts that the exhalation rate derived from the esuilibrive
actxvxt:es will be tower than the values corresponding to exhalation into an infinite
srace. The difference depends upon the aeometry of samples and vessels used and may vary
from few up to mavbe 204, The model was finaily used to determine the effective diffusion
coefficient of radon in 3 concrete wall br measuring the rado concentration in the pore air
at varxous derths,

168.

Jonassen, N.
Exhalation of radon-222 from buildins materials,

ABSTRACT: Many building materials contan small amounts of the radioactive element
radiua. By decav of radium is foraed the radicactive sas radon, which misht diffuse out of

the material and thus be found in the ambient air. HWhen radon and especiallr its short
lived dauahter eroducts are inhaled radiational damase of the luns tissue misht result.
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Some results of field seasucenents of radon levels in arartments and houses are reworted
and it is shown that susmer measuremeats with hish natural ventilation rates are senerally
hisher than u.nter neasurements, The exhalation of radon from buildins materials can be
studied by rlacing sameies in closed vesseis and followina the srowth of activity in the
vessels. It is shown that a ventilation rate of one air exchanse ser hour will lower the
theoretical maxinum level to 0.8% of the unventilated maximum value,

169,

Jonassens N.
On the effect of electric fields on airborne radon-222 daushter products. 4 e.

170,

Jonassen: N.. Havas: E. I.

3§}§minition of concentrations of radon-222 daushters in air. Research report &6 35 p.»

ABSTRACT! Amongst the natural radicactive constituents of the earth’s atmosehere are
the inert sas raden-222 and its short-lived daushter srodurts Pe-218, Pb-214. Bi-218 and
Po-214, In the field of atmospheric electricity it is of interest to measure the daushter
concentrations as they contribute to the seneral level of ionization in the air and alse
attach to aeroso} rarticles. Since the activity encountered is usually low (arrroximately
0.1 pCi/liter) the experimental uncertainties on the determined concentrations may be
large, In recent vears the application of aleba seectrometry ysins surface barrier
detectors with alrha_eneroy resolution better than 8) keV FWHM has led to a reduction in
the uncertainties. In this report a method of reducing still further the uncertainties in
the determinatisn of the cadon 222 daushter concentrations measured by means of a
conventional aleha particle spectroscoric technique is described.

171.

Janassens N., Haves: E. 1.

The measurement of low concentratiens of the short-lived radon-222 daushters in the air by
alrha spectroscopy.

HEALTH PHYS. 26(1): 104-110, 01/--/74.

ABSTRACT: Amonost the natural radioactive constituenis of the earths atmosphere are
the 2as Rn-222 and its short-lived daushter Produtts Po-218, Pb-214, Bi-214 an Po-214. In
the field of atmosrheric electricity it is of interest to measure the daushte
concentrations as they contribute to the general level of icnization in the au aed alse
attach to aerosol rarticles. Moreover since the exrosure of the resriratory svstem to
8n-222 and its daushters mar constitute a health hazard, recommendations for haxuul
rernissible concentrations of Rr-222 and its short-lived daushters in air have bee
proposed {ICRP, 19593 NCRP, 1959). The hazard due to Rn-222 itself is much less than that
due to its short-lived daushter products, In this parer a methed for measuring the
concentrations of these short-lived Rn-222 daushters usino aleha particle spectroscoey of
filter samples is described and comrared with erevious methods. Preliminary measirements
in an unventilated basement room are reported.

172,

Jonassen, N, Haves, E. I.
fAbsoretion of 5.47 MeV aleha particles by membrane filter material.
HEALTH PHYS. 27(3)% 313-316: 09/~-/74.

173,

Jonassen, N.. HMaves, E. I.

A correction when measuring Rn222 daushter concentrations by alpha spectroscopy of filter
samples.

HEALTH PHYS. 27(3): 310-313, 09/--/78.

174,

Jonassen, N.
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On the effect of atmassheric pressure variations on the radon=222 concentration in
unventilated rooas.

HEALTH PHYS. 29(1)2 216-220s 07/--~/T5,

A?SI'RA&T' A series oﬁlgzraoalitelz 100 det:‘l“lmﬁmns o: th: gaushtertcozcentrﬂzons
was rerformed in a|\ unRven ed basenent roon with walls constructed in part of concrete,
An average working level fuu was found to be 0,07 WL for radon-222 and daushter ¢
concentrations, However, it varied from 0 04-0,14 WL during the 4-month mnltonns pericd.
It was assumed that the variations in the workins level were caused erimarily by chanses in
ﬂlue a;-ospherlc pressure.  An ionization chamber was installed to study this effect more
closely.

175. Jonassen, N.» McLaushlin: J. P.
The effect of Rab recoil losses on fadon daushter measureaents.
HEALTH PHYS, 30(2): 234-238, 02/--/76,
176. Jonassen, N.» McLaushlin, J. P,
On the recoil of Rab from meabrane filters.
J. AEROSOL SCI. 7(2): 141-149, 03/—/76.

ABSTRACT: The loss in vacuo or RaB atoms by alrha recoil from daushter deposits
collected with mesbrane filters was investisated. Experimentajlv determined values of the
recoil Toss influencing the loss efficiency and also the sisnificance of such losses in
radon daughter measurements are discussed.

17. Jonassen, M.
Removal of radon daushters from indoor air by mechanical methods. 5 p.» 1980.
178. Jonassen, N., McLaushlin, J. P.s Laberatory of Arrlied Physics 1. Technical University of
nart,
Radon in indoor air I. Research Rerort & 24 p., 1976.
79, Jonass:n, N.» McLaushlin. J. P.o Laboratory of Apelied Physics 1. Technical Uriversity of
nmzrk,
Radon in indoor air II. Research Report 7 42 p,, 1977.
180. Joness 6. £.» Klesres L. M.
A simele ar ' inexpensive svstel for weasuring concentrations »f ataoseheric radon-222.
UCRL-16952 18 p.» 06/27/86
ABSTRACT: A radon—222 samelins System has been desisned and built which uses a
charcoal adsormtion techninue for collecting and amaivzing that sas in a siwple,
inexpensive, reliable wav. Results of measureents Bade with the system zlthoush only
ereliminary, are in asreement with data obtained by other investisators.
181, Kahns B.» Eichholzy G. G.» Clackes F. J.

Assessment of the critical mopulations at risk due to radiation exposure in structures.
106 p.» 06/—/79,
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17:37  SYSTEM TIHE CANCELLED..,SYSTEM WILL REMAIN UP TONIGHT....

182.

Karutsin, Ve Koo Leonovs Vo Vor Sokolikovs A, V.
Determination of low levels of aleha redioactivity in awueous sewdse.
SOV, RADIOCHEM, (ENGL. TRANSL.) 204f)¢ 121-126, 09/—/78,

ABSTRACT: A method is erorosed for the determination of the s

alrha-radicactivity of awseous sameles, based on the use of a sohd s%xnhllitory with
rrelisinary concentration of aleha emitters on lanthanum hvdroxide. The derendence of the
sensitivity of the method on the concentration of the co-preciritant and salt-containing
solution uas investisated, Optieum conditions of analysis were selected: C La = 10-70
aillisran/liter, laver thickness of scintillator K-? 20 millisram/2 cubic-centimeters,
thickness of suprlesentary |aver of K-9 20 millisraw/2 centimeters, The minimum Beasurable
specific aleha-activity, usins an FEU-49B photomultirlier, with volume of sanele I liter,

17:37 SYSTEM TIME CANCELLED,..SYSTEM WILL REMAIN UP TONIGHT....

total laver thickness of phosphor K-? 40 millisram/2 centimeters, total tiae of amalvsis

.5 hours, efficiency of recordine 0,90, and relative error of the measuresept for
monitorins the symmary seecific activity of alpha-emitters of unknown comeosition in the
semase of radiochesical enterprises in the ranse E-6 - E-12 Ci/liter was demonstrated.
This sethod can be used for the determination of radon in matural water accordins to its
short-lived decar products.

Kataokas V.. Ikebes Y.. Minato, S.

Influence of the distribution of Rn-222 concentration under the sround on natura) samsa-rav
flux density and exposure rate.

HEALTH PHYS, 37: 669-675, 1L/—/79.

ABSTRACT: Analvtical formulas are derived for uncollided samea~ray flux density and
exposure rate above the sround due to Rn~222 distributed in the soil exronentialy with
derth, A MonteCarlo method is applied to celiided samma-ravs. I is concluded from the
results of the calculations that the Flux de:sity and exeosure rate are stronsly affected
br the escare-to-prodyction ratic and diffusion coefficient of Rn-222 in the soil. These
calculations are apelied to natural radionuclides in the soil of the camrus of Nasova
University, It is shown that the difference between the tota) exposure rate on the campus
calculated br assumine exponential distribution of Rn-222 in the soil and that bv assumins
unifora distribution ranses from 3 to 82.

Keefer D, Jo» McDowell, W. Pos Groer, P. B.
Use of a microprocesser in a remste workina teve) moniter,
IEEE TRAMS. NUCL. SCI. NS-23(1): 704~709, Q2/—{7&.

ABSTRACT: The instrument described measures the short-lived Rp-222 daushter
concentrations and the Workine Level (WL) in sealed *hot chambers" Tocated in uranium
mines. Radiation-induced rulses fron two serarate sensors are transmitted throush 500 foot
cables to a microerocessor: which erocesses the sulses and controls the oreration of the
system, 1 read-cnly memory stores a fixed prosram which is used to calculate the desired
concentrations. The ~esults are erinted 35 pCi/1 (Rn—daushter concentrations) and WL,

183,

Keefe, D. J.» McDowell, W. P.» Groer, P. G., Witek, R. T.

Ortimizing measurement sensitivity to facilitate monitoring environmental levels of
Rn-daushter concentrations.

IEEE TRANS. MUCL. SCI. NS-25(1): 787-769, 02/-/78.

ABSTRACT: In the measurement of envirormental levels of radloachvxtv. the Prllil‘Y
probien is the accumulation of 3 statisticallvr meaninsful number of counts within a
reasonable period of time. In the case of measurements of airborne Rn—222 diushter
concentrations, the sroblem is further complicated by the particularly short half-lifes
3.05 ainutes, of RaA {Po-218). Since three Rn-daushters - RaA, RaB (Pb-214) and RC
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{Bi-218) - are of interest, the esvations interrelains these Rn-daushter concentrations
were derived from the laws of radioactive-series decav. These envations, althou;h
straishtforward, are cumbersome to solve. To facilitate the efficient use of t

enyations, a comsuter arosram has heen written which mermits the calculation of Rn—daushter
concentrations or exsected counts for a siven set of measurement parameters (flow rate and
detector efficienciesl, A subroutine then calculates the omtimum ruseins and countins
times reauired to provide the number of counts necessarv for accestable statistics at
environsental levels of Rn-222 daushter concentrations. This subroutine contains a set of
parameters: flow rate and efficiencies: that are fixed usins realistic restrictions. The
use of these optimized pumeing and counting times results in maximue measuresent
sensitivity under realistic constraints.

Keefer Do Ju» McDowells W. Poy Groers P. G,

The environmental working level monitor, final rerort: Development and fabrication of
radon daushter detection eauiement. P7628C 44 e., 09/29/78.

ABSTRACT: The Environmental Workins Level Monitor (EWLM) is an instrument used to
autosatically monitor airborne Rn-dashter concentrations and the Workino Level (WL}, It 1s
an ac powered, microprocessor based xnstrulent with an external inverter provided for dc
operation if desired. The sicromrocessor’s control Processor unit (CPU) controls the
actuation of the detector assemblv and processes its output sisnals to vield the
seasurements in the proper units. The detectors are fully automated and reauire no manual
orerations once the instrument is prosrammed. They detect and serarate the alrha esitters
of Refl and Ral’ as well as detecting the beta emitters of RaB and RaC._ The resultant
Pulses from these detected radioisotores are transmitied to the CPU. The prosrammed
aicroprocessor performs the mathematical manieulations necessary to output accurate
Rn-daushter concentrations and the L. A seecial subroutine within the system prosram
enables the EWLM to run a calibration Procedure on command which vields calibration data.
This data can then be processed in a separate mrosram on most computers carable of BASI
programeing. This calibration prosram results in the derivation of coefficients and beta
efficiencies which erovides the calibrated coefficients and beta efficiencies resuired by
the main svstem prosram to assure prorer calibration of the individual EWMs.

187.

Keefes D, J.» McDowell, W. P., Groer, P. G.» Argonne National Laberatory., U.S. Derartment
of Energy.

The eavironmental working level monitor: Final reeort. P7428C, 09/29/78,

ABSTRACT: The Environmental Workino Level Monitor (EWLM) is an instrument used to
automatically monitor airborne Rn-daushter concentrations and the Working Level (WL}. It
5 an ac powered, micromrocessor based mstruunt with an external inverter Frovided for dc
operation if desired, The microrrocessar’s control processor unit {CPU) contrels the
actuation of the detector assemblv and rrocesses its output sisnais to vield the
measurements in the eroper units. The detectors are fully automated and reaujre no manual
operations once the ipstrument is proorameed. They detect and seearate the aleha emitters
of RafAl and RIC” as well as detectins the beta emitters of RaB and RaC. The resultant
pulses from these detected radicisotopes are transmitted to the CPU. The prosrameed
nicrorrocessor rerforms the mathematical manimglations necessary to outrut accurate
Rn-daushter concentrations and the WL. A seecial subroutine within the svstem prosras
enables the EWLN to run a calibration procedure on command which vields calibration data.
This daty can then be srocessed in a serarate srosram on mest compyters carable of BASIC
progranming. This calibration rrosram results in the derivation of coefficients and beta
efficiencies which provides the caiibrated coefficients and beta efficiencies reauired by
the main svstem erogram to assure erorer calidration of the individual EWLM’s.

188,

Kelkar: D, No» Joshis P, V.
A rarid method for estimating radium and radon in water.
HEALTH PHYS. 17: 253-257, 1949,

ABSTRACT: A rarid method for the estimation of radium and radon in water sawrles w:th
activity levels more than 1-2 pCi/]. is described. Radium and daugshter products of radon
are precipitated with more than 957 efficiency in the presence of InS (As) scintillation
Fowder 9iving 3 composite scintillator-samele combination, Apart from beine rapid and
inexpensive, the method is suitable for Field use as it requires verv little aeraratus and
does aot involve laborious chemical analysis. Effects of temperature, i and amount of InS
{Ra) were studied and conditions for optimum vield were determined experimentally, Results
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of radium and radon leveis in some thermal serings measured in the field using this method,
are also presented in the Paver.

Kerrs G, B,
Heasurement of radon proseny concentrations in air.
TRANS, AM. MUCL. SOC. 17 {Sumpl.): SA2-543: 1973,

190,

Kebal, L.y “hoflianecs M., Kristan, J
Qutdoor and indoor radon concentrations in air on the terratory of SR Slovenia, Yusoslavia.

RN

ABSTRACT: In connection with the investment in uranium minins and willine facilities
at 2irovski vrh iNorth-Restern mart of Slovenia), some tiL: aso field measurement of radon
concentrations in air in Slovenia were started, Emmhasis was given to the uranium derosit
ared, bet some other reference sites were also selected, Radon determinations were
accompanied by measurement of the meteorcfosical parameters wind speed and direction,

humidity, temmerature and atmospheric eressure, At representative sites, diurma
concentration variations were followed. Radon concentrations were usually found to lie
below 1 pCi/l (= 37 Be/cubic meter), but in the vicinity of aine tailin®s and in houses
built‘oi ;tone from 2irovski vrh. this level was exceeded and concentrations up to 20 rCi/l
vere found.

191,

192

Kolt» W.» Schmier, H.
Buildins mterial induced radiation exposure of the population.
ENVIRON, INT, 1{1/2): 63-71, 1978.

Kotrarra, P, Bhanti, D. F., Rashunath. B,

Diffusion coefficients for unattached decav products of thoron: Dependence on ventilation
and relatively humidity.

HEALTH PHYS. 31: 378380, 10/--/76.

Kraners H. W.. Schroeder, G, L., Lewiss A, R., Evanss R. D.
Large volume scintiliation chamber for radon countins.
REV. SCI, INSTRUM. 35(10): 1259-1265, 10/—/64.

ABSTRACT: @ 430-cc crlindrical Lucite chamber covered internally with ZnStAs} and
viewed at each end by 5-in. photomultiplier tubes u1t susded sutputs has been used
rovtinely as a low backoround (approximately 0.8 counts pec min for a new chamber) fin
scintillation counter, The counter is simele to construct and has operated reliabiy for
aboyt two vears. The countine efficiency for 8n in transient esuilibrive with its tws
aleh-emitting daushters is 2,1 counts per R decav. Thin lines of silver conducting eaint
arplied externally on the ends of the chamber, tosether with surrounding Al foils form a
cosrlete electrostatic shield which has assured reproducible countino efficiencies by
suepressing randomly occurring interns] Fields. Results of experiments, in which external
potentials were applied to the end plate electrodes of an experimental chamber, are
rresented in detail. It was found that as little as 22 V aerlied across the chamber can
change the counting efficiency br 8l. A back voltase effect caused by the deposition of
ionization-induced charge on the internal surfaces during voltase arplication was observed.

194,

Krisiuk: E. M., Lisachenko, E, P., Tarasovs C. 1., Shamov. V. P.. Shalak, N, I.
Exposures from radiation sources of matural orisin, CONF-730907-P2
PROCEEDINGS OF THE THIRD INTERNATIONAL CONGRESS OF THE INTERNATIONAL RADIATION PROTECTION
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ASSOCIATION, 97081

ABSTRALT: fenizine radiation in deellings is one of the main sources of radialion
effect on the sorglation. Limitation or decrease of this factor mav be done by
standardization of raﬂ\nx<oto-e concentration in buildino materials. Ganla-srectronetrxc
analvses for Ra-224. Th-232 and K-40 in 300 sameles of buildins materials from various
regions of the USSR have been perfornd and rredxcted values of sama radiation doses in

viidines made of these materials have been calculated. To evaluate the rarameters
detern1n119 air concentration of Rn in dwellinss Rn accumulation and mechanism of its
release have been studied. For limitation of external samea radiation levels ln dwellings
the following values of seecific radioisotore mermissibie concentration have beel
suggested: 10: 7, 126 pCi/sram for Ra-226, Th-232 ad K-40 respectively. For hmtahon of
Rn concentration in duellings permissible level of effective Ra-226 concentraticn (the
preduct of Ra-226 concentration by emanation factor} has Leen recommended 0.5 FCi/sras.

195,

Krisiuk, E. 8.
Airborne radicactivity 1n buildines.
HEALTH PHY3. 38: 199-202, 02/--/80.

ABSTRACT: Expressions for the concentration of radon and thoron daushters in indoor
air have been derived. Takin® inte account the exhalation rate and diffusion Processes of
building materials: room dimensions: and ventilation rates. we estimate that the mean radon
and thoron daughter concentrations in indoer air are 0,10 pCi/liter and 0.0064 #Ci/liter,
respectively. These values corresrond to a lung dose equal to 126 mres/vyr.

196.

Kristan, J.» Kobals 1.
A modified scintillation cell for the determination of radon in uranius mine atmesehere,
HEALTH PHYS. 24(1): 103-108, 01/--/73.

197.

Krugers J.: Nothling, J. F.

A corParison of the attachment of the decar products of raden-720 and radon~22Z to
aonodiseersed aerosols.

AEROSOL SCI. 10¢ S71-579: 1979,

ABSTRACT: The adsorption of radicactive aerossis is of prime importance when
assessing the hazard of inhalation of radivactive materials, eseecially in the uranium
mining industry. In previous studies of the attachment cate, contradicting results on the
dependence on rarticle size have been found. The ..taciment rate for the attachment of the
decav products of Rn-222 to monodiseersed pofvstyrene aerosols (of a diaxeter from 1,2 to
5,2 ricrometers) in the concentration ranse 1-67 particles/cubic centimeter was measured
directly. This is comrared with the attachment rate of radon-220 decar eroducts which was
measured in a Previous experiment. As before, the attachment between the radioactive atoms
and_the aerosols was found to ke directly proporticmal to the rarticle concentration Ny as
well as to the sauare of the rarticle radius R, The attachment coefficient of 4.1 » E5 x
radius squared x cubic centimeters/minute and the stickins erobability of 0.12 for Kn-222
decay products were found to be larser than that for the decay products of Rn-220 (2.4 x E5
x radius sevared ¥ cubic centimeters/minute and 0,08, reseiectivelv). The mechanisw for
the attachment, however, is the same.

198,

Kukacka, L. E.» Isler, R, J

Cost estimate for remedia} action prograe for residences in the Grand Junctions Colorade
firea. BNL-17433 15 P,y 02/--/73.

Kusnetz, H. L.
Radon daushters in mine atmospheres: A fieid method for determinina concentrations.

MM, IND. HYG. ASSOC. Q. 17(1): 85-88, 03/--/56.
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ABSTRACT: A new concest of describins the tolerance level of radon daushters has deen
rresented. This concest is in terms of the alsha-enersy dose resulting from the compiete
decar of the daushters, A rarid field wethod for determinins ataoseheri. concentrations
of cadon daushters in tevms of Mey of alrha enerev/1iter has been shown, No attemnt has
been made to szt 3 maximum allowable concentration for radon and/or its daushters. Skauld
an MAC different from the tolerance level siven in this pamer be adorteds the factors in
Fis. 1 would change by an aeeropriate constant, The method itself would remair the same.

200.

Kusuda, T.: Sitberstein, S.. McNall, P, Eo» Jr,
Modeling of radon and its daushter concentrations in ventilated seaces. 18 p., 07/—/79.

ABSTRACT: Ia order to vredict indoor radiation levels due to radon daushters at tow
building ventilation and air leakase rates, differential esuations sovernins the decav and
venting of radon {Rn-222) and its daushters were solved. A comsuter prosram based on the
solutions was grz.tten to predict_radon and daushter concﬁn(ratlons. total Potintul aleha
energy and eauilibrium factor.  The erosram tan account time derendence of ventilation
and emnation rates and is readily usable by buildins desisners. Sample calculations using
the prosram showed that rotential alpha enersy levels in tishtened buildines can commonly
reach about 0.01 workins level (WL), a level more than twice as hish as concentrations
currently found in most houses.

201,

Kusuda, T.» Silberstein. S., McMall, P, E.» Jr,

The 8;5&:5;906 lowered ventiiation on indoor radiation due to radon arg its daushters. 20
P et .

ABSTRACT: In order to develor guidelines for savins enersy by restricting vent:lation
without exposing the population to hazardous indoor radiation tevels, differential
equations sovernins the decay and venting of radon {Rn-222) and its dwush*ers were so)ved.
A computer program based on the solutions was writter to predict radon and daughter
concentrations, total potential aleha enersy and enuilibrium factor, and Yo be used in
future simglations of the behavior of these auantities in buildings. The Frosram is
readily usable by building desisners. Sample calculations using the prooram showed tha
tishtened buildings can commonly have potential alrha eneray levels near 0.01 working !evel
(WL): a Jevel possiblv reauiring remedial action.

202.

Larsons R. E.
Measurements of radicactive aerosols using thin plastic sciucillators.
NUCL. INSTRUM. METHODS 108(3): 447-470, 03/01/73.
ABSTRACT: A thin plastic scintillator mounted on a photemultiplier (FM) tube 15 used

as a detector for the beta-radicactive daushter products of radon {Rn-222) collected on
filter Parers.

203,

Leonard, R. B. dJanzers V. J.

Natural radicactivity in seothermal waters, Alhambra Hot Serinss and nearby areas.
Jefferson County, Montana.

. RES. U.S. GEOL. SURV. &(4): 529-540, (7/—/78.

ABSTRACT: Radicactive hot springs issue from a fault zone in crystalline rock of the
Boulder batholith at Athamdra, Jefferson County, in southwestern Montana, The discharase
contains hish concentrations of radon, and the sross aleha activity and the :oncentrahons
of adiun-226 exceed maximum levels recomsended by the EPA for drinkins water. Part of
discharse is diverted for space heating, bathina and domestic use. The padicactive thern\
waters at measured temperatures of about 60 desrees C are of the sodium bicarbomate tyee
and saturated with respect to caicjum carbonate, Radiom=226 in the rock and on fract.ired
surfaces or coprecipitated with calcium carbonate probably is the erinciral source of radon
that is dissolved in the thermal water and discharged with other sases from some wells and
sPrings, Local surface water and shallow sround water are of the calcium bicarbonate tvpe
and exhibit low backaround activity. The temeerature, percent sedium, and radisactivity of
mixed waters adiacent to the fault zone increase with depth. Samples from most of the
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major hot serings in southwestern Montana have been analvzed for sross aleha ad beta

activity. The hish Tevel of radioactivity at Alhambra zFrears to be related to leaching of
radioactive material from fractured siliceous veins by ascending therma) waters and is not
a normal characteristic of hot serinss issuing from fractured crystalline rock in Mentana.

204, Letourneau, E. 6., McGresor: R. 6., Tanisuchi» H.
Backsround levels of radon and raden daushters in Canadian homes.
PROCEEDINGS OF SPECIALISTS’ MEETING ON PERSONAL DOSIMETRY AND AREA MONITORING SUITABLE FOR
RADON AND DAUGHTER PRODUCTS, 167-197

ABSTRACT: Various measurements of radon and radon daushters in Canadian homes in
conmunities not associated with uranium mining were carried out in the rast two vears. A
summary of these results is presented for basic information.

2095, Likess R. S.» Mosro-Campero, A.» Fleischer: R. L.
Moisture-insensitive monitoring of radon.
NUCL. INSTRUM. METHODS 159(2/3)% 395-400, 02/15/73.

ABSTRACT: Long-term measurements of radon for dosimetrv or uranjum exploration can be
affected by water in or on solid detectors. The Problems are documented and a simple cure
presented. The aic seace containing the detector is erotected b a permeable membrane and
an appropriate desiccant.

206. Lin, F. M., Cameron, J. R.
A bibliesraprhy of thermoluminescent dosimetry.
HEALTH PHYS. 14(5)t 495-514, 05/--/68.

ABSTRACT: Comprehensive bibliosrarhy on the subject of thermoluminescent dosimetry
{TLD) i5 presented. Included are basic papers on thermoluminescence (TL), and arPlications
of TL that have a direct bearina on TLD.

207, Lindeken» C. L.+ Joness D, E.. McMillens R. E,
Environmental radiation backoround variations between residences.
HERLTH PHYS. 242 81~86, 01/—/73.

ABSTRACT: Environmental backarcund radiation exposure measurements made in
approximately 100 residences in the vicinity of Livermore. California, show variatiens in
anrwal exrosure from 52 to 130 aR, Heasurenents were made with CaF2:Dy (TLD-2000
dosimeters at guarterly intervals for a period of 1 vr, Duellings were tyrically
wood=frame structures with stucco exteriors. Interior exposure rates were, on the averase,
about 25% lower than those out of doors, Dosimeters were used without enersy filters,
since it appears photons with eneraies less than 100 keV contribute iittle to the total
dose from ratural radiation sources. Elimination of emersr filters materially sinpiifies
rackaginz and handlins resuirements for these measurements.

208, tlovds R. B.
Gamma-ray emitters in concrete.
HEALTH PHYS. 213 71-73, 07/--/76.
209. tockharts L. 8., Jr., Pattersom R. L., Jr., Hoster, C. R.

Determination of radon concentpation in the air throush measurement of its solid decar
products. NRL-6223 32 p.. 03/29/63,
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ABSTRACT: An analvtical method has been devised for the deternxnitlon of the radon
concentration in the air br measurement of the radioactive decay of the solid radon
daushters collected on air filters durine a fixed saseling period. The ratio of the
radigactivity present at two periods, determined by an initial count immediately after
terpination of samrling and a_second count an hour later, is used to estimate the exteat of
radicactive esuilibrium established between radon and its daushters and to obtain a
correction factor for relating radon daushter activity to cadon activitr,
disintesration rates of the various decay products of radon as a function of the ase of the
raden conslomerate have been calculated durins the srowth and coflection reriods and for
suctessive S-oinute decar periods extending throush the first 71 minutes following
termination of filtration, A procedure for the calibration of beta counters for the
evaluation of RaB and RaC activities was established. Use was made of this analvtical
nethod to determine radon concentratisns in the air near sround level.

210.

hogkhart. L. B.» Jr., Patterson: R. Lox Jros 1.8, Naval Research Laboratory. Washinston.

The extent of radicactive eauilibrium between radon and its short-lived daushter eroducts
in the atmosphere. NRL-6374, 04/05/66.

ABSTRACT: A set of experimenta] conditions have been derived which ortimizes the
accuracy with which the radon content of the atmasphere and its aeracent residence time
there can be determined from measurement of the filterzble oross beta activity during two
separate 10-minute periods following the end of a 20-minute collection period, The 20
pinute collection is made on a filter of essentiallv 1004 retentivity (slass fiber filter)
and counted For beta activity throush a 10-mil (70 millisram/cubic centimeter) aluminum
absorber on esuipment of known efficiency for the beta perticles emitted by RaB and RaC.
The ratio of measured counts during the &1~throush-71 minute decay period to that durins
the 1~throush 11 minute Period is emploved to obtain the atom ration of RaC to RaB in the
air sampled, the arparent ase of the conglomerate of radon and its daushters, and the total
counts to be expected from anv given radon concentration in the air. Extensive examrles of
atmoseheric measuremenis are siven which susgest that under most conditions in the free
atmosphere radon is essentially at secular equilibrium with its doushter products. Gther
cellections made following addition of radon to a restricted volume show the expected
increase in with time, which confirms the basic validity of the procedure.

211,

Lovett, D. B.
Track etch detecters for alpha exposure estimatisn
HEALTH FHYS. 16(5): 623-628, 05/--/6%.

_ ABSTRACT: Solid state dielectric detectors have been aeplied as intesrating airha
rarticle monitoring devices to permit the estimation of aleha particie Juns doses received
by workers in radon-radon daushter contaminated atmospheres, The characteristics of these
detectors are discussed and the results of laboratory and field testing are summarized.

212.

Lovsens Po
Errors in measurement of working level.
HEALTH PHYS, 16(5) 629635, 05/--/69.

213,

Lucas, H. F.
Inproved tow-level alrha-scintillation counter for radon.

REV, SCI. INSTRUM. 28(9): 680-633, 09/--/57.

ABSTRACT: A low counter backsround is cbtained by 'use of steel for the shell and
quartz for the counter window» while marked improvement in the stability is obtained by
coatino the window with an electrically conducting laver.of tin oxide. The distributien of
radon and its daushters within the counter under various conditions was determined by
conparisen of observed and calculated countins efficienties. A stable countips efficiency
of 5,58 plus or minus 0.05 cem/PCi radon and a backsround countina rate of 0.08 crm is
obtained. The usefulness of this counter is ausmented by adsorbing t.2 radon on charcoal,
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The radon is then easily transferred to the counter with a small volume of helium and a
Sionawotor pump, This svstem is suitable for the analvsis of sameles of radon as smll as
E-11 ¢ or concentrations in air smaller than E-16 C radon/liter.

214,

Lucas, H. £,y Jr.
Alrha scintillation radon counting.
WORKSHOP ON METHODS FOR MEASURING RADIATION IN AND ARDUND URANILM MILLS. 3(%): 69-96

215,

216,

Lucass Ho Fo» Jres Adams, Jo A. 5. (ed.)s Lowders B, A, (ed.)
# fast and accurate survey technisue for both radon-222 and radium-226.
THE NATURAL RADIATION ENVIRONMENT. 315-328, 1944,

Lundin: F. E.» Jr.. Wagoner, J. K.: Archers V. E.

Radon daushter exposure and reseiratory cancer quantitative and temeora) asPects: Report
ﬁromlth§7gpldenéglos}§?l studv of United States uranium miners. NIOSH-MIEHS Joint Monosrarh
04 Por J—.

217,

Marsards W. L.» Logsdon, R, F.

fn evaluation of the bacterial filterins efficacy of air filters in the removal and
destruction of airborne bacteria.

ASHRAE J.  49-5Z, 05/--1&5.

218,

Hartz, D. E.> Holleman, D. F.,> McCurdv, D, E.. Schiager: K. Jd.
fnalvsis of atmoseheric concentrations of Rad. RaB and Rat by aleba seectroscopy.
HEALTH PHYS. 17¢ 131-138, 196%.

ABSTRACT: A new method is presented for deferminins the airborne concentrations of
RaA; RaB and RaC in atmoseheres contaminated with Rn-222, The method emplovs aleha
spectroscopy to measure the count rates Rah and Ral’ present on a membrane filter sample at
two post-sameling times. The individual air concentratiens and the statistical varances
associated with each then mav be calculated from the esuations siven. Theoretical and
experimental comparisens are presented which indicate the improved accuracy of the
spectroscoric method over metheds previously available.

219,

Martz, ©. E.» Schiasers K. J.
Protection asainst radon eroseny inhalaticn using fiiter tvee respirators
HEALTH PHYS. 17: 219-228) 1969.

ABSTRACT! The efficiencies of several reseiratary protective devices in removing the
ajrborne radon daushter activity found in underground uranium mines were determined under
standardized test conditions. The protection afforded to working uranium miners by sinple
filter resrirators was estimated by comrarison in vivo counting of the internally derosited
Ral activity present ip the reseiratory systems of miners at the end of the working shift
The mean protection efficiency obtained was 85.2 rlus or minys 13.8%, based on in vivo
counts of 21 miners, The problem of providine adeuate reseiratory protection for
undersround uranivm niners is discussed and a sugsested 1ist of criteria for respirator
desisn is given.

220,

Matsinu, G. G.
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Scintillation detectors for Rn~222 in air and water. 13 .

ABSTRACT: A scxntxllatxan detector and an emanation circuit that enable sensitive
seasurenents of Rn-222 in water in field practice and in aboratory routines have been
developed, Activities as low as 0,1 rCi rer sanple may be measured with a very simele
procedure. The detector is also well suited to measure Rn-222 in air at concentrations
down to 0.001 rCi/), if a large size detector is used.

1.

McCurdy, D. E.» Schiaser, K. Ji» Flacks E. D.
Theraaluminescent dosimetey for personal monitorins of uranium miners.
HEALTH PHYS. 17(3): 415422, 09/~-/69.

ABSTRACT: An accurate dosimetry svstem usina thermoluminescent detectors has been
develored for monitorina radiation exposures to individual uranium miners. The system
sermits the evaluation of cumulative exposures to airborne radon Progeny, exsressed in
units of Horkins Leval Months, as well as the external samma-rav exeosure orisinatins from
the oee bodies. Thermoluminescent materials such as LiF, CaF20v and CaSO4:Mn have been
evaluated cs possible aleha-sensitive detectors of radon eroseny collected on a fitter
parer, The most promising TLD utilizes CaF2:Dvy and is sufficiently sensitive to detect
the accunulation of ES MeV of latent 3leha enersy collected on a filter paper. Proper
annealing of the CaF23Dv crystal prevides two response eaks, at 185 C and 265 Cr for which
fading is nesligible for anv rroresed monitorins period.

McDowell, W. P.» Keefes D. J.a Groers P. G.
Interfacing calculator chips to nuclear-counting systems.
[EEE TRANS. NUCL. SCI. NS-22(1): 4b7-470, 02/--/75.

ABSTRACT: In the desisn of nuclear-counting svstem it is sometimes desirable to
perfora siarle arithaetic operations on the collected data in order to present it in a more
useful fore. In wany cases these calculations do not s equire a hish-speed Precessors and
thus can be performed simelv and inexpensively throush the use of calculator chirs. This
parer describes the use of a calculator chip in a portables batterv-operated device
desisned to measure the radon-daushter concentration in air sameles from uranium mines.

McBowell, M. P.: Keefe, D. J.» Groers P. G,y Witek: R. T,
A micropracessor-assisted calibration for a remote working ievel monitor.
IEEE TRANS, NUEL. SCI. N5-24(1): 439-644, 02/--/71.

ABSTRACT: A method is described for calibratine a Remote Workina Level Monitor, an
instrument which measures Working Level and Rn- daushter concentrations in the atmosehere.
The method makes use of a microrocessor to calculate beta efficiencies for RaB and Ral
fron the counts accumylated in the Raf. Ra(B+Ci and Ral’ channels of the instrument. Both
the aleha spectroscoric and fotal-airha methods are used to determine the Rn-daushter
concentrations, These methods resuire the processor to solve systems of linear esuations
with several unkmowns. No assumptions about Rn-daushter equilibrium are made,

224,

Mclaushlin, Jo P.> dJonassens N.
The effect of pressure drors on radon exhalation from wails. 14 p.

ABSTRACT: The exhalation of raden-222 from walls was measured in a contrete walled
basement room by studving the srowth of activity in exhalation cans sealed to var:ous
portions of the walls, ln a series of measurements constant undereressures from 5 -

were maintained in the exhalation cans during the build ur of activitr, It aPPears
that the exhalation rate increases tinearly with the underrressure. In the theoretical
considerations of pressure drops it is assumed that the basement concrete walls in toto are
carable of sustainins for manv hours underpressure - enhanced exhalation values comrarable
to those experimentaliv measured at various places on the wall. It is shown that the
fractional increase in room air activity is eroportional to the total eressure dror and
increases with the time it takes the pressure droe to estabiish. As an exawple a pressure
dror of 20 mo will double the esuilibrium activity in the room if 1ts establishment takes
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place at a constapt rate over a period of approximately 27 hours, This is in keeriny with
observations on the room air radon levels over a nuaber of months,

225.

Meauni, K., Mamuror T,
A nethod for measerina radon and thoron exhalation from the around.
J. GEOPHYS, RES. 77017): 3052-3056, 06/10/72.

ABSTRACT: A method for determining directly the rate of radon and thoron exhalatien
from the ground was studied. Radon and thoren sases are directly adsorbed on & laver of
sranular activated charcoal distributed over the sround surface, and the charcoal is
subjected to samma-rav spectrometrv. The radon quantity is determined from the area of the
rhotoreak due to 0.61-Mev samma-rays of Bi-214 and the thoron auantity from the area of the
photoreak due to 2.51 Nev oamma-ravs of TL-208, Some resuits of measurements pbtained by
this method are presented.

226,

Melvin, J, D.. Copring> N. A.y Shariro, M. H.
An automated radon-thoron monitor for earthauake prediction research.

MUCL, INSTRUM, METHODS 1S3(1): 239-251, 07/01/78.

ABSTRACT: We describe an automated instrument for eacthauake erediction research
which monitors the emission of radon and the ion from rock. The instrument explovs (1)
aerosol filtration techniques and bzta-countine to determine radon and thoron Tevelst (2) a
progranmable miceocomputer which controls mechanical omerations, collects data, and
monitors the condition of kev components: (3) a call-up telemetry system for the
trapsmission of data to a central location over ctandard telerhone lines, Data from the
field operation of the instrument is sresented,

227.

Mercer, T, T.» Stowes W. A.
Beposition of unattached radon decav products in ar impactor stase.

HEALTH PHYS. §7(2)% 259-264, 08/—/69.

ABSTRACT: Depending on imractor desion and flow rate, as much as 80% of availabie
unattached RaA and ThB atons can be collected in a round-jet imPaction stase in a
convenient form for amalysis, The collection efficiency decreases linearivs but slowlv,
with increasing flow rate. It is shown to be due to a diffusional process not
significant]y affected by either relaiive or absolute humidity.

228,

Michel, J.» Moore, H. S.
Ra-728 and Ra-226 content of groundeater in fall line asuifers.
HEALTH PHYS. 38: 663-671, 04/—/80.

. ABSTRACT: Studies of the radiun_isotopic content of srounduater from a \.oastal Piain
asuifer adjacent to the Fall Line in South Carolinz show that elevated Ra-228 and Ra-226
concentrations are associated with the asuifer, There is little seasoma) variation in the
concentration of ejther radium isotore for a sinsie well, but ue to an order of masnitude
vana(’ on amons wells within 2 4 sauare kilometer area (Ra-228 activities ranse from 4.71

eCi/l. whereas Ra~226 activities ranve from 2,71 to 26.53 pCi I3
Ra—z28/Ra-226 activity ratio amons uelis ranges from 0,23 o 3.0, and is inversely
prorortional to Ra-226 content. These results are contrary to the assuaption in the U.S.
Eavironmental Protection Agency drinkins water resulations which state that Ra-228 rarely
exceeds Ra-226 and thus reauire Ra-228 measurements onty when Ra-226 exceeds 3.0 FCi/l, It
is unknown whether these results are tvpical for all Fall Line asuifers of the southeastern
¥,8., which extend from Aigbama to Marvland and suprly water to manv small towns. However,
these results. which show that the Ra-226 concentration does not parallel Ra-228
concentration in this seologic revion, call for a re-examination of the EPA resulation,

Miles, J. C. H.,» Davies, B, L.» Alaar: R. A.o Cliff) K. D,
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The effects of domestic air treatoent ewuiement on the concentration of radon-222 daushters
in a sealed room.

R, SOC. HEALTH J. 82-85: 06/--/80.

ABSTRACT: Reduction of the vent:latlon rate in houses in the interests of eneray
conservation can lead to a build-ur of radon-222 in room air, This results in irradiation
of the lunas by the radxoact:ve diushters of radon, An electrostatic srecipitator has been
used to remove radon daushtars from the atmosehere of @ sealed room. It is shown that this
can reduce the dose to the bronchiz] epithelium by an order of wasnitudes and effectively
counter the effects even of extremely low ventilation rates.

230,

Mechizukis 5.
Rn-222 exhaiation and it+ variction in s0il air (I} Method and instrument. 13 p.

ABSTRACT: A new method las been developed and nesly designed four arParatus were
consteucted for measuring the concentration of radon in soil air without disturbins naturzl
condition of the soil. By this method: radon concentration in the soil aie at adeauate
points inne~ the depth of ong meter below the ground is obtained from the concentration of
radium A ghich was measured in the same air, Radium A concentration is measured by
spectrometry of alrha-ray detected from radioactive ions which are floated in the soil air.
By the fundamental experiments and ereliminacy observation carried out in the soil dir
below the sround, it was confirmed that the newly constructed arraratus is useful to
measure the raden concentration in the seil air.

31,

Mochizukis S.

Comparison of natural atmospheric radioactivity appeared over Hachijo Island and Mivake
Island in the early sering.

J, METEOROL. S0C. JPN, Sb(1): 52-54, 02/28/78.

232,

Moeller: D. Wi Undechills B, .. Guleziam» 6. Y,

Population dose ewyivalent from naturally occurring radionuclides in buildine materials

ABSTRACT: Naturally occurring radionuclides in buildine materials are a source of
external and internal radiation exposure to the U.S. pepulation. Unde; certain conditions
exposure rates are sufficiently hish that control measures. either on a voluntarv or
mandatory {lesislative) basis, should be considered. Such measures include (1) material
substitutions (2) imerqved manufacturing standards, (3) chanses in basic building desians
{4) application of surface sealants. and {5} increased ventilation accomranied by erocesses
for the adsorption and/er filtration of airborne radionuciides. Analvses show that several
of these measures appear to be well Jjustified in terms of the $1,000 rer merson-rem
cost-effectiveness guidelines vtilized for commercial nuclear power plants by the U.5.
Nuclear Resulatory Commission.

233,

Moaro-Canpero, A.» Fleischers R. L.
Search for 1cng distance misration of subsurface radon, 13 p,

ABSTRACT: Lons distance radon misration is defined as that reauiring nondiffusive
transport modes. The Timitations of diffusive motion are shown by using likely field
raraseters. Two non-diffusive tramsrort processes are discussed svantitatively: convection
driven by the seothermal sradient and £lov induced br atmospheric eressure changes.
Finatlt, we treat the problem of experimentally deternlnxns whether Jons ranse radon
misration occurs in a siven sitvation. This ingludes criteria for selecting anomalous
readings in radon survers and rossible reasons for the aprearance of such anomalous values.

234,

Mogro-Casperq, A.» Fleischers R. L.
Sublerrestrial fluid convection: A hvrothesis for long-distance misration of caden within
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the earth.

EARTH PLANET. SCI. LETT. 34(2): 321-225, 03/—/77.

ABSTRACT: Scattered obsepvations sussest that radon can misrate throush the earth for
distances greater than or #aual to 100 meters, a_process of sreat potentia) aid in both
earthauake prediction and uranium exploration. It 1s noted that existing theories rredict
that fluid convection in the earth, driven by the Jocal zeotherma) sradient: cam occur in
areas of relatively hish permeability. The velocity of fluid flow mav be sufficient to
transeort radon over large distances before it decavs, The convection by hypothesis alse
provides a possible explanation of seasonal effects that have been observed in local and
general radon emanation into the atmosphere,

235,

Monevs M., Heatons B,
The effect of humidity on the detection of raden.
HEALTH PHYS, 3115): 456-457, 11/--/76.

236.

Hoores H. E.v Foets S, E., Martell, E, A,

The size distribution and orisin of Pb=210: Bi-210, and Po-210 on airborne rarticles in the
trorosphere. 10 p.

RBSTRACT: [ata is presented on the concemtration {drm/100 cubic seter), specific
activity (drm/g aerosol) and percent of Ph~210, Bi-210: and Po-210 versus particle size
interval for sround level air sameles, Sirilar data for Sr-30 in air and Ra-226 and Pb-210
in one soil samele is siven. Calcuiated mean aerosel residence times inirease with
increasing particle size intervals however, specific activities and percent of each isotore
decreases with sarticle size interval. These variations alony with comparison to soil data
syagest that the distribution of these isotores reflects the injtial attachwent
distribution Plus a smaller corponent due to entrainment of particles from seil and other
surfaces. Coasulation into size_intervals oreater than 0.3 micrometers radius aprears siow
compared to removal processes. Thus, the mean trorosehere aerosel residence time for
tropeseheric aerosol farticles is one week or less.

237,

Morse, R. H.
Raden counters in uranium expleration. Publ. No. 1AEA-SM-208/53

EXPLORATION FOR URANIUM ORE DEPOSITS.

ABSTRACT: Rapid analvtical technisues for uranium radium and radoen, each of uhich is
characterized by a different oeochemical behaviour and each of which is absolutelv specific
for yranium. An efficient seochemical expioration rrogramme will be based on a Judicious
conbination of these elemants. The batterv-orerated disital alpha scintillometer combines
portability with hish sensitivitv. Radon and radium can be determined in the field.

Thoron is recosnized by a rapid dror in count-rate cwing to its 54.5-5 half-life. At the
detailed Teve] of exploration radon in soi] sas provides a useful supplement to sround
samma scintillometry. Readings as low as 20 counts/minute or lower are sioniticant, Hish
readings due to especially permeable soils are characterized by raridly falline count-rates
because of dilution by thoron. Uranium anomalies are characterized by steadv or rising
count-rates. Countins bevend the first minute and monitoring anv chanses is essential.
Diurnal radon varigtions are not critical in Canada. An examele is provided from the
Bancroft area which comeares radon in soil te sround gamma scintillometry. The radon
survey shows more detail, in asreement with the seolosy, than the scintiliometer

228,

Nazaroff: W. W., Boegel, M. L. Hollowell, C. D,, Roseme: 6. D,

The use of mechanical ventilation with heat recovery for controlling radon and
radon-daushter concentrations. LBL-10222 21 r., 03/--/80,

ABSTRACT: An energy research house in Marvland was found te have raden
concentrations far in excess of recomended suidelines. A mechanical ventilation system
with heat recovery was installed in this house to test its effectiveness as an
energy-efficient control techniaue for indoor radon. Radon concentration was monitored
continuously for two weeks under varyino ventilation conditiens (0,07 to 0.8 air chanses
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per hour {ach)) and radon daushter concentrations were measured by srab-samele techniaues
about nine times dailv during this weriad. At ventilation rates of 0.6 ach and hisher
radon And radon daushter tevels dropped below suidelines for indoor conceniraticns.
Comparison with other studies indicates that indeor radon buildup may be 3 problem in a
considerable portion of houses characterized by their Tow infiltration rates. The use of
mechanical ventilation svstems with aic-to-air heat exchansers mav offer a practicals
cost-effective, and enersv-efficient means of alleviatina not only the radon problem
seecifically but also the senera)] deterioration of indoor air quality in houses desisned or
retrofitted to achieve low infiltration.

239,

Nearo, V. €., Watnicks S.
"FUNGI": A radon measuring insteument with fast reseonse.
IEEE TRANS. NUCL. SCI. N5-25(1): 757-761, 02/--/78.

ABSTRACT: The FUNGI uses an electrosatic field to collect daushter products of radon
decay, and a solid state detetor to resoive the enersies of radiua A (Pa-218) and radium C°
{Po-214) alrha rarticles, This permits a areat desree of flexibility in the measurement of
radon and radon daushters. In addition. by limiting the instrument response to the radium
A channel only,: the reseonse to chanses in radon concentration of this instrument is ten
tises faster than other instruments, makins it suitable for radon survev applications

240.

Meustein, H.» Cohens L. D.» Krablin, R.
An automated atmosrheric radon sawpling systea.
ATMOS, ENVIRON. 5(10}: 823-831, 1971.

ABSTRACT: An automated radon sas sampling system usins the double filter method 15
described, Four such svstems have been 1nstalxed on a_1000 foot tower in northwest
Philadelrhia. Pennsylvania, at elevations of 20, 200, 570, and 930 feet above sround
Simultaneous sulfur dioxide concentration measurements are made at the radon sampling
elevations tosether with measurements of wind speed, wind direction, and temrerature at
elevations of 40, 100, 200, 350, 570, and 890 feet. Average radon concentrations are
aeasured every hour, while the meteorolosical variables are recorded continuously, with 10
ainste averases calculated four times an haur. These systems have had a downtime of less
than L5 per cent since March, 1970. The radon systems are carable of monitorins radon
concentrations with a sensitivity of E-14 Ci liter, and ap uncertainty at E-13 Ci liter of
7 per cent. The observed average radon concentration at twenty teet above the sround was
1.5 x E-13 Ci liter, in substantial asreement with other published vajues. Data are
presented which displav the diurnal variatien of radon concentration as a function of
g\evitxon. Also presented are data which show a radon concentratien derendence on wind

irection.

241.

Parker, H, N,
The dilexma of lung dosimetry.
HEALTH PHYS, 16{3): 533~561,» 05/--/69.

ABSTRACT: A lesitimate criticism of health physics arises from the derivation of
quite complex relationshirs for the permigsible deposition of radionyclides in the bodv: in
the absence of valid exrerience 1n man. It has to be accested that inhalation of
substantial amounts of radom and daushter products has a finite erobability of causine
cancer in the bronchial epithelium. Establishment of 3 auantitative dose effect
relationship has a formidable arrar of impediments. The radicactive nuclides in mine air
conprise a short-lived chain existing in physicai forms from free ions throush small auclei
ta iarse dust particles, Intake and primary retention of these media has to be calculated
from sodels, Subsequent transiocation up the brenchial tree is a sismificant factor in
exposure, [ the nucleus of a basal cell of bronchial epithelium is assumed to be the
biolosica) tarsets the penetration of aleha particles to it can be modeled in various
desrees of sophistication. This leads to a numerical relationshir between natwre and
concentration of the ambient radicactivity and the relevant tissue dose or dose-rate. The
quoted number mar be hish or low by a factor of about three, This is essentially a
reraissible dese type of calculitxon. It is not 2 demonstrated dose effect relationshie.
The feasibiliir of provrams to prosressively eliminate these uncertainties will be
discussed in terms of refined study of mine exposces, relavance of data from radium or
other human cases. and animal experimentation.
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242,

Parks> N. J.

A more Sensitive methed For the assar of Rn-222 concentations in water sampies with liquid
scintillation counters,

HEALTH PHYS, 36(2): 207, 02/--/79.

243

Parthasarathy, K. §.
Decav products of RnZ22 in the livina environment.
HEALTH PHYS. 31(2)% 187-188, 08/--/76.

244,

Partridse, J. E.» Hortens T, R.. Sensintaffar, E. L.

A studv of radon-222 released from water durins tveical household activities, Technical
Note ORP/EERF-79-1 13 p.» 03/--179,

ABSTRACT: Small quantities of radon-222 can be found in a1l sround water from natural
sources as a result of decav of radium-226 both in water and the soils and soil matrix
surrounding the water, Radon tn drinking water has ereviously been copsidered a source of
radiation exposure primarily from an insestion standroint., However: the EPA, Office of
Radiation Presrams, is investisatins the potentiazl for exposure to individuals from
inhalation of saseoys radon relased from water. This report describes the results of a
studv o determine the fraction of radon released from water during tveical household
activities such as clothes washing, dishwashing, showerins, etc.. and estimates the
potential radon concentration in air and resvitire workino levels in structures.

245,

Pearson: J. E.+ Jones, G. E.
Eranation of radon 222 from soils and its use as a tracer.

J. BEOPHYS. RES. 70{20}: 5279-5289, 10/15/65.

ABSTRACT: The temepral: seophvsical, and secararhical parameters related to the
emanation of Rn-222 at the earth-atmosrhere interface have been studied. Such information
is necessary in the evaluation of boundary condltxons for an investisation of the vertical
diffusivity of the atmesehere iF natural Rn-: 5 to be used as a_tracer. A system for
collecting Rn-222 emanating at_the surface of the eirth with a ninimum of disturbance to
the site has been develored. 1t includes a stainless-steel collectors oren on the bottom
uhere it is in contact with the 50113 a pumpi water and carbon dioxide trarsi and chilled
traes in which the cadon is adsorbed on activated coconut charcoal, Samplins ratterps in
cast-central 11linois were selected usins a randomized comelete hlock desisn to permit
statistical analvsis of emanation data with reseect to location, soil tyee. neteoroloaxcal
conditions, and other Faraleters. Althoush na statisticallv sisnificant variation of
Rn-222 emanation with location or soil type vas found, a variation with wind sreed,
sustiness: and soil woisture was observed. Criteria for the selection of locations
syitable for vertical diffusivitr studies usins Rn-22% as a maturaliv otcurring trater
should include. ideallss uniform emanation for tens of kiiometers in all directions,
sybstantially level toroaraphy, and uniform vesetative cover. The location chosen for
these studies meets these criteria.

286,

Ferdue, P, T., Leggetts R. K., Havuood: F. F.
A tectniave for evaluating airborne concentrations of daushters of radon isotores, 12 p.

AESTRACT: Elevated auantities of actinan {Rn-219) daushters in air have been obiserved
in some buildines contaminated with raffinates from uranium ore processins, Previous
methods for measuring the concentration of Rn-222 daushters assume that Rn-219 daushter
concentrations are neslisible, and there was no available method Zor measurirg
concentrations of An-219 daushters. The authors have develored a method for the
simultaneous measurement of daushters of Rn-222, Rn-220, and Rn-219 in air by medifvins a
well-known aleha spectroscopy techniaue and comruter prosram used for determining Ro-222

daughter concentrations.
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247,

Perdues P. T,» Shineaush: W. Hes Thorngates J. H.s fuxiers J. A,
A convenient counter for measuring aleha activity of smear and 2ir sameles.
HEALTH PHYS. 28(1): 114-116, O1/—/74.

246,

Pohle E.+ Pohl-Rulina, J.

Determination of environmenta) or occurational Rn222 in air and water and RaZ24 in water
with feasible and rarid methods of samrling measurement.

HEALTH PHYS, 31(4): 343-348, (0/--/76,

.. RBSTRACT: For air-sampling 30 liter contajners of flexible Foil are taken te the
sites. To measure t @ Rn-222 and Ra-226 content of water, seecial bottles are used with
volumes of 0,5 and 2,5] respectively. All samples are measured in the laboratory. In this
way it is Possible to take a sreat number of saneles at the sites considered: which is
necessary Yo obtaip sisnificant annual mean values. The measuring equimment consists of a
10~20 1iter ionization chamber in connection with an electronic electrometer and a
chart-recorder. The air sample is transferced veey fast inte the evacuated chamber, so
that one can define the zero-point for the increase in ionization current due to the
short-lived deciy products. The radon content of a water samele is alse transferred as
fast as possible into the chamber with inactive air streamins throush a de-emanating
Sottie. Changeable central electrodes keep the bicksround Tow and permit a rarid
syccession of measyrements. For the determination of small Ra-226 conteats a
double-chawber equiement with backsround compensation is used

249,

Pohl, E.» Pohi-Rulins, J.
Dose calculations due to the inhalation of Rn222, Rn220 and their daushters.
HEALTH PHYS, 32(8)¢ 552-535, 06/--/77.

Porstendorfer, J.» Mercers T. To
Adsorption probability of atoms and sons on particle surfaces in submicrometer size ranse.

J. AEROSOL SCI. 9: 459-474, 1978,

ABSTAACT: The absolute attachwent coefficient of neutral and elecrically charsed Tn
decav eroducts on particles in the size ranse between 0,009-0,03 micrometers was measured
For these ¢ eriments, condensation aefosols of 3 faceow size range were used, The
experimentar values asree with those of the diffusion theorv of attachment under the
assumption that the sticking probability of the decar eroduct is unity.

251,

Porstendorfer, J.o Mercer: T T,

Diffusion coefficient of radon decav eroducts and their attachment rate to the atmosrheric
aerosol, 11 p.y 04/—/78.

ABSTRACT: The attachment rate of the neutral atoms to the atmospheric aerosol indoors
and outdoors were studied by means of Tn (Rn-220) decay products, which were attached in a
laminar flow throush a crlindrical tube. In a nuclei contentration ranse between (0.6 - 7)
E& particles/cubic centimeter the attachaent rates were 0.009 - 0.05/second {relative
humidity: 30 - S04} corresponding to a half-life of attachwent 77 to 14 seconds. The
change of the averase nuclei size with humidity couid dbe determined by measuring the
attachment rate for different water vapour corcentrations, Bv chansing the humidity from
20% to about 100% the averase rarticle size increase ur to 3 factor 2.1.

252,

Porstendorfer, J.» Wickes A.» Schraub, A.

The influence of exhalation. ventidation and deposition processes uron the concentration of
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radon {Rn222), thoron (Rn220} and their decav products in room 2ir.

HEALTH PHYS, 34{5): 465-473, 05/--/78.

ABSTRACT: The influence of radon and thoron exhalation from the walls and the
alr-exchange upon the RelRn-222)-and Tn{Rn-220) concentration indoors has been studied, On
the basis of a simelz room mode) the desree of equilibrium between radon, thoron and their
decay products, free attached fraction, has been calculated. These calculations were
performed under the coasideration of: {1) the measured natural radicactive indoor and
autdeor aerosel size distribution. (2} the known attachment of the uncombined decay
products, {3) the experimentally evaluated recoil factor, and (4) of an estimated
derosition rate on the wll surface.

258,

Porstendorfer, J., Mercer, T. T.

Concentration distributions of free and attached Rn and Tn decav Products in taminar
aerosol flow in a cviindrical tube.

J. AERDSOL SCI. 9(4): 263-250, 08/—/78.

ABSTRACTY The Prob]el of the steadr state diffusion of radon decay eroducts 1n
laminar aerosol flow throush a crlindrical tube is presented, Neslectins axial diffusion
and assuming constant aerosel concentration in the tube, the concentration distribution,
the flux and the transmission of the free and attached radioactive atoms were calculated
taking into consideration the formation and attachment of the decav products. The first
five eisenvalues En and the corresponding cvefficients for different attachment rates X
vere copruted. These results can be used to determine exeerimentally the diffusion
ceefficients of Rn and Tn decar products or small ions ang their rates of attachment of

aeresals.

254,

Porstendorfer, J.» Mercer: T. T.

InFAuence of electric charge and humidity upon the diffusion coefficient of radon decav
Products.

HEALTH PHYS. 37: 191-199, 08/-~/79,

ABSTRACT: The diffusivity of fresh]v formed thoron decay preducts was studied under a
variety of conditions with reseect to relative humiditr and electric charge and over a
range of thoron concentrations from aprroxim:tely 340 nCi/l to 3,4 X €5 nCi/l. 85-83% of
ThB (Pb-212) atons carried 3 positive charge uhen formed. In moist air (relative humidity
between 30% and 90%) the diffusivity of the rositively charsed ThB atoms was 0.068 Plus or
minus 0,004 sauare centimers/seconds it was the same for neutral ThB atoms, resardiess of
humidity, In very dev air, the diffusivity of the charsed atoms could not be established
uneauivocally, but it was about 0.024 square centimers/secend.

Porstendorfer, J.., Wicke, A., Schraub, A.

Heﬁgods for a continuous resistration of radom: theren and their decay products in- and
outdoors.,

ABSTRACT: A rerort about our devices and methods is given used for the determinatian
of the concentrations of Rnv Tn and their daushters, the ventilation rate and the averase
exhalation rate in rooms of buildinas, Rn_and Th concentrations are detected continuously
collecting the positively charsed Raf and ThA atoms on a surface-barrier detector using
electric field preciritation. The determination of Rm and Tn decar product concentrations
is carried out by collectina the aerosols on a membran filter and simultanousiy countinm
the activitizs by aleha-seectroscomy, The decrease of a tracer sas concentraticn (CO2) 15
used to determine the ventilation rate of a room.

256,

Pradel, P. J.» Kochy L.
La radioprotection dans les mines d’uranium,
ANN. MINES 37-#4, 03/—/75.
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257,

Prices P. B.i Fleischers R. L.

{dentification of enersetic heawy muclel with solid dielectric track detectors:
Applications to astroshysical and mlanstary studies. 71-C~207 22 ».y 07/==/71,

Prichards Ho M., Gesells T. F,

Rarid measuvements of AN222 concentrations in water with a commercia) liauid scintillation
counter,

HEALTH PHYS, 3316): S77-581, 1/--/77.

ABSTRACT: A techniaue is described by which conceptrations of Rn-222 in water as low
45 10 pCi/liter can be determinuteed by a 40-winute count of a 10-milliliter samrle,
Preraration time is about I minute/sasple, and no srecial esuirment is resuired other than
access to a commercial liquid scintillation system,

259,

Prichard, H. M,

Reply to “Comments on ‘Rarid measurements of Rn222 concentrations in vater with 2
commercial liauid scintillation counter.’”

HEALTH PHYS. 3561t 863, 12/--/78.

ABSTRACT: In this letter to the editor, Prichard replies to criticism by Cehn on
Frichard’s sarer, “Rarid Measurement of Rn-222 Concentrations in Mater with a Comwercial
tiquid Scintillation Counter.® Prichard sussests errors in Cehn‘s analvsis and discusses
isprovement in the measurement technisue in nuestion.

260,

Pur1s R C.
Uranium mine ventilation pianning for control of radon and its daushter preducts.
J» MINES, MET, FUELS 35-40, 02/—/73.

261,

Raabe, 0. G.
Concerning the interactions that occur between radon decav products and aerosols.
HERLTH PHYS, 1742)3 177-185, 08/--769.

ABSTRACT: The state of experimenta) and theoretical knowledse concerning the
attachment of radon decay eroducts to aerosols 1s reviewed. Particular emphasis 1s upon a
new attachment principle which predicts that attactment is eropertional to the surface area
of the aerosol Particles for all particle sizes and for | but extremelr hish
cancentritmns of radon, Aseects of the characler and fate of radon decar products which
have vet to be fully understood and which resuire further experimenta! studies are
discussed. Emploving the theory of a self-preserving particle size distribution of ratural
aeresols, a hyeothetical form for aerosols in uranium mines is developed and ewploved to
calrulate the expected fractions of unattached radium A, B and € for various aerosol
concentrations and eayilibrium times. The results compare favorably with available
experimental values.-

282,

faabes 0. G.» Wrenns M. E.
Andlvsis of the activity of radon daushter samples bv weishted least sauares.
HEALTH PHYS, 17(8): 593-805, (0/—/69.

ABSTRACT: A new mathematical method emPlovine weishted leist-sauares has been
develored for the analysis of air sameles for radon daushters. This method allows
catcutation of the concentrations in air of the daushter eroducts of both Rn-220 and Re-222

based uron the radicactive decav of a sawsle, It ewrlovs observations of the total counts
of alrha earticles from the samele durine various periods of time, rather than estimates of
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the countine rate at anv earticular time. There is no uerer limit to the nuaber of
observations that may be used in the computations., Errors are estimated based ueon the
statistical limitations of the data, The method has been tested on radon daushter sameles
taken in yranium mines under conditions both of eauilibrium and extreme diseauilibrium and
conpared to the commonly emploved Tsiveslou method. Filters were counted in the mines
using @ congination of ZnS phosehor, photomuttimlier tube, and scalar. The concentrations
of radius A, B, and C were calculated with both methods. The results of this comparison
indicate mijor advantases of the new techniaue in research arplicationss including sreater
accuracy and clearly defined astimats of errors.

263,

Raghavarvas foo Joness J. H,

A wire screen-filter parer combination for the measurement of fractions of unattached radon
daushters in uranium mines

HEALTH PHYS, 26% 417-429, 05/--/7A.

ABSTRACT: Lack of current actual field data on such factors as radon daushter
equilibrium ratios and fractions of unattached radon daushter atoms and the relationshir of
the measured working Jevels to actual luns dose has caused auestioning of the workins level
concert as the basis for mine radiation control work. MWe descride a simple techniaue for
measuring enuillbrium ratios and the fractions of unattached radon daushter atoms 1n air
using a wire screen erefilter to collect unattached atoms. Values obtained by this method
in several United States uraninz mines ae Presented,

264,

Rashynath, B., Koirarpa, P,
Bitfusion coefficients of decav Products of raden and thoron,

J. AEROSOL SCI. 10(2): 133-133, 03/--/79.

ABSTRACT: The diffusion of the decav products 4f radon and thoron have relevance in
the evaluation of inhalation hazards in uranium and thorium processine industries. @
recentiy developed diffusion sampler, based on Mercer’s theorv of diffusional desasition
between the concentric circular plates, has been used for determining the diffusion
coefficients of the unattached decav products of radon and thoron (Raf, RaC and ThR).
Experiments were conducted at different ventilation rates (6 and 60 chanses/hour) at
different relative humidities {10 and 9071 and both in air and arson atmespheres.
Diffysion coefficients were found to intrease with increasing ventilation rates and were
found to decreace at hisher relative humidities, the effect heins more marked at lower
‘entilation rates. Both of these effects were less pronounces in arsen than in air
Results are discussed in tisht of the known properties of these decav eroducts.

263,

Ramsav, W.
Radon from uraniue mil) tailingst A source of sisnificant radiation hazard?

ENVIRON. MANAGE. (213 139-145, 1976.

ABSTRACT: Caiculations resarding the lons-term hazards to health from the radicactive
9as radon which emznates from the tailinss of milled uranium ores are presented here, The
absolute and relative risks to the porulation From nill tailings, as well as techmal
solutions ty the problem of diseosal methods which would eliminate or minmimize luns cancer
risks are discussed. Since the emission of radon from tailinas will occur thousands of
vears after the projected benefits from nuclear-fission power have been obtained. the
vroblsn o: present and future hazard from mill tailinss calls for increased resulatory
consideration.

266,

Ransarajan, C.. Datta, S.

A computor prosram for theoretical and exrerimental studies on raden and thoron daushter
product activities. B,A.R.C./1-438 33 p.» 1978,

ABSTRACT: The report describes a computer Fi-oaram RADIUM written in FORTRAN lansuase
for CDC-3600 and BESM-6 computers. The prosram is for theoretical and exrerimental work
with radon and thoron daushter products but parts of it can be used for other decay chains
also, It has five ortions, the first three for theoretical calculations and the tast two

52



for experimental work. Ostion one calculates the build-ym of activity in a decay chain
startine with an initial activity of the First member onlvy. The build-ue is calculated for
two cases> the First. for sinele exponential decay startins with the initial activity of
the first mesber and the second> for the accumulation of the firsi wedber at 3 constant
rate, into a system. The omtion includes provision of non-radicactive deeletion constants
for both cases. The second and third orticns ave for calculation of activity durins
cotlection and after collection respectively into a svstem, of the members of the decav
chain existins in a proportion corresronding to 3 siven build-up time. Ostion four is for
cajculating radon and thoron activities in the atmosehere from the measured counts on the
collected Filter assumine ewyilibrinm between radon-thoron and their daushters, Oetion
five is for the weishted least-swuares resolytion of the individual activities of Rafd, Rab,
Ral, ThB and ThC from a series of measurements on the collected filter raver. The erosram
can be adopted for other decay chains and other sroblems like srowth of radicactivity of
oress build-up of radicactivity in reactor water. 22:, It is also Possible to shorten the
program by removing the urwanted ortions.

27,

Rangarajans C., Goealakrishnan, S. S., Earen, C. D.

The application of least squares analysis for the estimation of low atmosrheric
concentrations of short-lived radon daushters and studies on their disesuilibrium.

FURE APPL. GEOPHYS, 115: 913-522, 1977.

ABSTRACT: The arrlication of the weishted and unweishted least-squares methud te the
analysis of the individual concentrations of short-lived radon daushters in the open
atsoseheres where, ynlike in the mines the levels are low, 1s discusted. The method can be
optimnized to sive sinimum counting errors by proper cheice of collection times and counting
periods. Br analvsing a large number of samples it is shown that the least sauares method
sives better accuracy than the simultaneous equations method senerally in yse. The
calculation can be simplified by using the unweishted least-sauares analvsis without
significant loss in accuracy. The levels of Rafs RaB and RaC in surface air at Bombar
durins the period Januarv-June 1975, calculated vsing the least-square methodr are
presented, The activity radios of RaC/Rab are shown to have an averase value around
0.6-0.7 even at 18 m heisht, The Rab/RaA activitr raties however show a much larser
scatter than the RaC/RaB values. The possible reasons for these differences are discussed.
The ap:lacatxon of the least~squares method to the analvsis of Th-B and Th-C is alse
described.

268,

Renoux, A., Barzicy J. Y., Madelaine, 5. J.» Zettwoos, P.
Characteristics of uranium mine air
NUCL, TECHNOL. 27(3): 313-327, 03/--/78,

ABSTRACT: The radon content in the atmosphere of a uranium mine, 183 pli/liter, was
found durina the varied rhases of the excavation (drillins, blastins, and clearing) to varr
between 43 and 3600 pCi/liter. Rudioactive eavilibrium was not found to be reacted for
rador and its daushter products, By means of a seven-stase Andersen cascade imPactor, the
Particle size distribution for the aerosels of the mine was determined as well as the
alpha-rarticle activities an each disk of the immactor and on the miliirore filter rlaced
behind each stage, This vielded the infermation that the laJor portion of alpha activity
in the test mine is connected with aerosols having a radius of less than 0.4 micrometers.
Buring excavation more than 90U of the radicactivity is located on aerosels with radius
smaller than 0.15 micrometerss this radioactive aerasel is the smallest #-d after
blasting, In all cases, the aleha radicactivity associated with tarse rarticles (R sreater
than 1 micrometer) is very small (less than 3%). This indicates that if the Andersen
impactor is used carelesslv, it may vield an erroneous distribution of the radicactivity in
a uranium mine,

269,

Robinson, M.
A modified Deutsch efficiency equation for electrostatic erecipitation,
ATMBS. ENVIRON. % 153-204, 1967.
ABSTRACT: The Deutsch efficiencr equation of electrostatic preciritation 15 modified
to take into account the er¢sion of collected dust and the nen-uniformity of dust

concentraiion over the preciritator cross section, Recent attemets to obviate serious
fallacies in the DBeutsch esvation have led to rather serhisticated and complex analvses.
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The present areroach, however: represents an effort to retain the simelicity of the
original exmonential relation, vet at the same time to meet, in some measure; some of the
nore serious obiections to the old theory,

270.

Robinson, M.. Brown. R. F.
Electrically surported 1iquid coluans in hish-pressure electrostatic precipitators.

ATMO3. ENVIRON. 53 895-896, 1971.

ABSTRACT: It has been reported that an electric field aeplied normal to the surface
of certain tiauids causes a liauid column to rise cut of the surface. This effect has
lmePtint commercial consequences in that it limits the voltase that can be applied in the
reRova ta: suspended 1iauid rarticles from hish-pressure gases br electrostatic
precipitation,

2.

Rock» R. L., Lovett, B. B.. Nelsems S. C.
Radon-daushter exposure measurement with track etch films.
HEALTH PHYS, 16(5)3 617-621, 05/—/63.

RBSTRACT: The resistration of aleha particles in ceiluluse nitrate dielectric films
serves as a basis for an exrosurg intesrating device to measure the individual worker’s
exposure to aleha Particle irradiations from radon and radon daushter products in mine
atraseheres, These films are insensitive to beta, samsa and lisht radiations and to alrha
activity pjated-out on its surface. Tests in mine atmoseheres indicated sood correlation
between fllm track densities and measurements of the mine atmosphere by standard filtered
air samples.

272,

Rocks R. L.» Dalzells R, W.. Harris, E.

Controlling emplovee exegsure to alFha radiation in underaround uranium miness Volume 2 of
two voiumes (aprendixes for the use of radon- daushter control seecialists). 180 p.y 1971

273,

Rodgers, J. C.
Radon srosenv exposure measurement using lead-210, &4 a.» 10/--/74,

27,

Roessler: C. E.; Kautz, R.» Bolch W. E.s Jr.y Wethingtons J. A.. Jr.

The effect of minina and land reclamation on the radiclosical characteristics of the
terrestrial environment of Florida’s phosehate resions. P

ABSTRACT: Studies were performed to evaluate the extent and nature of the
redistribution of uranium-series radioactivity in phosphate mining, reclaration and land
develorment, Radium-225 was measured in waste materials that enter into land reclamation
Radium-226 surface soil concentrations and depth profile, soil surface radon flux and samma
radiation above the surface were rerorted for unmined and mined, rectaimed and otherwise
altered lands. Minins, land reclamation, and construction site preparation can increase
the near-surface seil radium and related characteristics. There is a gseneral pattern with
fand tyre, The impact was evaluated in terms of effact on actual and potential indoor
radon proseny concencrations in structures. 1t was concluded that debris lands, resulting
from 3 former mining practice, reresent the sreatest imPaci on existina structures.
However, 3 fraction of the lands eroduced by current eractices may exceed criteria for
unrestricted use 1f such criteria are based on limitine predicied indoor radon proseny
concentrations in future structures to the lower Timit of the Surgeon General’s Guidelines
Procedural modifications were identified for producing lands likelv to meet criteria for

unrestricted use.

275,

Roesslers C. E.» Swith, Z. A.» Belchs W. E.» Prince, R. J.

Uranium and radium~226 in Florida phosehate materials.
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HEALTH PHYS. 37: 269-277: 09/—/79,

ABSTRACT: Input materjals: products and by-products from a number of Florida
rhosphate mines and chemical plants were analvzed for Ra-226 and U-238 by hish resejution
samea srectrometrv. Concentrations were distinctly lewer in North Florida than in Central
Florida, In the matrix, the two nuclides were essentially in radioactive esuilibrium
(North Florida, 8 FCi/9s Central Florida, pCi/g), Fqllowing beneficictions
concentrations in rock products waste clavs and sand tailings were approximately 100~300%
100% and 10-25%, respectively, of those in the matrix. Radieactive eauilibrium is
markediy disrupted in phosphoric acid production; uranium follows the phosehoric acid while
Ra-226 aprears in the bv-rroduct svpsum (North Fl rlda. 14 pCi/gs Central Florida, 26
#Ci/g) and also in sediments and scales, Awmoniated rhosphate fertilizers had relativelv
lou levels of Ra—226 but sispificant U238 (North Florida, 25 eCi/as Central Floridas 70

1/39), On the other hand, trirle superphosehate had sisnificant concentraions of both
Ra-226 {North Florla. 12 #Cifat Central Florida, 20 vCife) 2nd U-238 (North Flevida, 26
rCi/93 Central Florida, 56 rCi/s). In the electric Furnace Process, radioactivity is
transferped to the slas {Central Florida, 61 pCi/s of each nuclide). Within either resion
nearly all sample types showed a considerable range of concentrations.

276,

Rogers, V. T,
The environmental impact of uranium mill tailinas senerated between 1975 and 2030.
TRANS. AM. MUCL. SOC. 30t 31-92, 1978,

ABSTRACT: The environmental impact of uranium mill tailinss senerated {v meet
projected Tisht-vater reactor demands to the vear 2030, 15 estimated. Br 2030 the total
annual population dose rate from the tailinss is estimated to be 5.4 x 10{sur)(5) man-rem
per vear, The Nuclear Resulatery Comgission is considerins limitino radon exhalation from
tailings to tuice backoround. If imelemented this would result in a reduction of the
aredicted porulation exposures br a factor of about 300,

Rolles Ru
Rapid workins level menitering,
HEALTH PHYS. 22(3): 233-233, 03/--/72.

ABSTRACT: Aspects of efficient Working Level monitorins are considered ip
recommendir- =rocedures ond instrumentation for different specificativns for the total
monitoring error, A ie.ible procedure of hish sepsitivity resuiring only a single
aress-aipha measurement and based on completely general limits of radon-daushter ratios in
air, is presented. It is sussested that ortimisation of the sinsle sross-alpha measurement
procedure to mininise the total monitorins error in this fashion leads to methods which
couid supplant both existing sinsle measurement methods and those multiele measurement
pethods in which the overall error exceeds 257 of the Workina Level,

278,

Rolles R.
Raden daushters and ase of ventilation air.
HEALTH PHYS, 23{1): 118-120, 07/--/72.

ABSTRACT: In the ventilation of wranium mines a kncwledse of the distribution of
radon daushters throushout a ventilation svstem is of ronsiderable ameertance, The concent
of radioactive "ase” of air can be valuable in estimating the relative distributions of the
daushters., The usefulness of this concept may be increased if the deviations from ysual
distributions that misht eccur could also be determined,

279,

Roseme: G, D.» Berk: J. Vi» Boesel: M. L.: Halsevs H, I., Hollowell, C. D.» Resenfeld, A,
H.» Turiels L.

Residential ventilation with heat recovery! Improvins indoor air sualitv and savins
enersy. LBL-9749 27 p.. 03/--/80,

ABSTRACT¢ Interest in conservins enersy is metivatins homeowners and builders to

55



reduce natural infiltration to verv Tow levels. This larae reduction in ventilation can
lead to indoor meisture problems and: more imeortantly in terms of human health, increased
Tevels of indoor mollytants such as nitrosen dioxide, formaldehvde, and radon, This paeer
rerorts resxdegtxal atr-auality measurcments conducted by Lawrence Berkeley Laboratoery and
seecificallv, discusses the use of mechanical ventilation systems with air-te-air heat
exchangers as a eromising means of rollutant control. A rarticular advantase of &

control stratesy is that the heat exchanser peraits rfcoyerv of a large portion of the heat
that would normallv be lost in a simrle exhaust ventilation system, and therefore maintains
the enersy efficienty of the house. An economic analysis is presented showing tha
installation of these systems in newly constructed homes is cost-effective in no:t regions

of the countrv.

o
&

280,

Rundo, J.» Markun, F.» Shas Ja Y.

Posterandial chanses in the exhalation rate of radon produced in vive.

SCIENCE 199(4334): 1211-1212, 03/17/78.

burdens I0CTevses sbout Mold RV AFbon s BeEle IR Sacpeaot i3, shortc) ot mnd

“normal" values are resained in 1.5 to 2 hours. The effect mar account in eart for the
poor reproducibility in estimates of the freely enanatxns Part of the radium Zontent.

281,

Rundo, J.» Markuns F.» Piondkes N. J.
Observation of hish concentrations of radon in certain houses.
HEALTH PHYS, 3514)3 729-730, 04/~-/79

282,

Rupps E. M.» Parzvck, D, C.. Walsh, P. Jov Booth, A S.» Raridons R. J.» Whatfields B. L.

Comeosite hazard index for assessina limiting exposures to environmental pollutantst
Arplication throus'i a case study,

ENVIRON, SCI. TECHNOL. 12(7): 202-807, 07/--/78.

2

283.

Rutherford, E.
pdsoretion of the radio-active ppanations bv charcoal,
NATURE (LOMDON) 74(1930) &34, 10/25/04,

284,

Satterly,
Some experiments on the adsorrtion of radium emapation by coconut charceal,

PHILOS, MAG. 20(118)¢ 778-788, 10/~~/10.

285,

Saunderss A. Woi Jr.: Pattersons R, L. Jr.: Lockharts L. Biy dr., Naval Research
Laberatory, HWashinaton. D.C.

The filtration of rarticles of atomic dimensions, WRL-7047 24 »., 05/12/70.

ABSTRACT: Particles of atomic dimensions, az trrified by the erimary decav products
of radon, are readily removed from an air stream by rassase throush cearse fibrous f1lters
or even throush screenss while the radon arent is unaffected. e inverse relationship
betwzen the efficiency of removal and the air velocity indicates the diffusion is the
mechanism primarily responsible for the derosition of these small rarticles, However, if
the rarticles become attached to aerosols: their collection dePends both on filter
characteristics and air vetocity, These particles are readilv collected on aerosol
rarticles and provide a radioactive tas by which aeroso) or filter behavior mav be studied.
Such measurements can be extended to size ranges and concentration levels below those
convenient for other techniaues.
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236,

Saunderss A, M., Jr.+ Patterson, R, L.» Jr.. Lockharts L. B.s Jr., Naval Research
Laboratary. Washinsten, 0.C. 20390,

The interaction of radon decar products with aerosols. NRL-6802 24 p.» 12/31/68.

ABSTRACT: An instrumented plastic chamber with a 1,2 cubic meters camacity has been
constructed and used to study the stability of some submicron dioctvl rhthalate (ILO.P.)
agrosels and their interaction with the short-lived radicactive ﬂecav products of radon

Rn=222).  The desree of attachwent of the radon decay eroducts to the D.0.P. aerosols in
this chamber has been shown to be a function of the relative areas of the aeroso) and wll
surfaces, At hish aerosol concentrations {ES rarticles/cubic meters). 90% or lore of the
short-lived decay Products are attached to gerosol particles, At lower aerose
conceptrations and particularly when convection increases the availabitity of the wlls for
derosition, the airborne radicactivity is much less. Under the proper conditions
aepreciable suantities of unittached radon descendants wil) remain airborne, A few
preliminary studies with these “free" atoms or simele molecules have shonn that ther are
effectively retained by fibrous filters. Thev thus provide a useful tool for evaluating
the retentivity of filter media toward extremely smll particles and for studving the
mechanise of particle carture throush diffusive srocesses.

7.

Schaefer: H. J,
Radiation exrosure in air travel.

SCIENCE 173(3999): 780783, 08/27/71.

288.

Scheibels H. Gov Porstendorfers J.» Wicke, A,
Radon apsorption in a =35 flow by activated charcoal.
HEALTH PHYS. 38: 83-85: 0f/—/80.

289,

Schiager, K. J.» Savisnac: N. F.

Radiation monitorins of uranium minerss A comparison of bicassav, TLDL and the Kusnetz
determinations of current exposures. C00-1500-21 237 p., 05/—/72.

250,

Schizsers ¥, Jo
Analvsis of radiation exposures on or near uranium mill tailings piles.
RADIAT. DATA REP. 15(7): 411-425, 07/—/74

ABSTRACT: Potential radiation expgsures from abandoned uranivm mill tailings piles
mav be predicted in a seneral manner using minimal inPut data. [f the averase radium
concentration in the tailinas CRa is known: the external samma exrosure rate over the
tailings can be estimated. The radon emanation rate can also estimated. The reduction of
exposure rates that can be achieved by covering the tailinss with earth or concrete also
are discussed. Radon Progseny imhalation exposuces depend upon the dismersion rate of raden
in the atmosphere and the time available for proseny ingrowth, Meteorological data for the
site are reauired for makins reliable predictions of inhalation exeosures, It is shown,
however, that contributions to the averase annual outdoor radon rroseny concentrations
exceeding 0,003 WL are very unlikely on or near any tailings rile. The methods used to
:na}vze Pot;ntlal radiation exrosures are illustrated by a case studv on one abandoned

ailings pile,

r:28

Schiagers K. J.

The 2R-WL air samelins workine level survev meter: Calibration and evaluation Prosress
report for the period May I, 1976 - December 31, 1976, CO0-292b-1 54 puy 12/~-176

ABSIRACT: The desion and operation of a direct-reading sampler for air-borne radon

57



progeny are described. The instrument was desisned for use bv ventilation personnel in
yranium nines and is small, rugsed lisht-weisht and ezsily carried and operated. Direct
reidout of the raden proseny concentration in units of working levels, in the range of- 0,01
to 10 WL, is accomeiished by counting the 3leha rarticles from Po-218 and Po-214 with

single detector and two eneray discrimination channels. Uniave features include a
fixed-volume, oravity-operated puse requiring no power source and minima) calibrations
autonahc decav. counhn% and dlSP]iY sequencing, caracity for more than 50 sameles on a
sinsle roll of membrane llter- and provisions for recording all data directly on the
filter tape. For the prototype as built, calibration asainst the Z-count alrha
spectros:nw method of measurins WL indicated an averase error of less than 1% in the ranse
from 0.25-25 W, However: the standard deviation of measurements made with the 3R-WL meter
increased Fron 74 above 10 W to 710 at 0.25 W.. Sources of error and variablility are
analrzed and sussestions for imerovina the epecision of the measurements are included.

292,

Schiagers Ko Jo
The 3R-M. workina level survey meter.
HEALTH PHYS. 33: 595-604, 12/--/77.

ABSTRACT: The desisn and operztion of a direct-readins samrler for airborne raden
progeny are described. The instrument was desisned for use by ventilation personnel 1n
vranium mines and is small, russed, 1isht-weisht and easily carried and operated, Direct
readoyt of the radon progeny concentration in units of working lvels, in the range of

=10 B, is accomplished by countins the aleha rarticles for Po-218 and Po-214 with a
smsle detector and tuo enersy discrinination channels, Uninue features include 2
fixed-velume, sravity-gperated pump iequiring no power source and miniral calibrations
aytomatic delavs counting and display sequencines capacitr for more than 50 samples on a
sinpale roll of membrane filters and provisions for recordins all data directly on the
filter tare, For the prototyre as built. calibration asainst the 2-count alrha
spectroscopy method of measurine ML indicated an averase error of less than 1% in the ranse
from 0,25 to 29 WL. However, the standard devumm of measurements made with the 3R-WL
neter increased from 74 above I0WL to 71% at 0.25 WL. Sources of error and variabilitr are
analvzed and cussestions for improving the Preusmn of the measurements are included,

293,

Schroeders G. L.o Evans, R. D.: Kraner, Ho W,
Effect of aprlied pressure on the radon characteristics of an undersround mine environment.
TRANS. SOC. MIN. ENG. AIME 233: 91-98, 03/--/66.

294,

Schroeders Go L.o Evans, R. D,
Some basic concerts in uranium mine ventilation.
TRANS, S0C. MIN, ENG. AIME 244t 301-207, Q9/--/69.

ABSTRACT: Advanced technisues for control of raden (Rn) daushter product
concentrations (working levels, WL) in the uranium mines are discussed. Understandins the
ehysical laws which sovern the flux of radon into a mine. the srowth and decav of the radon
daushters, and the rarticulate nature of the daushters uhen suspended in air allows
ventilation personnel to improve the cvality of mine air with no increase in ventilation

rate.

293,

Schroeders G. L.
Falling barometer nullifies rock sealant effectiveness,

MIN, ENG. (N.Y.) 29(8): 3839, Ob/-~/T7.

2%,

Scott, A, 6.1 Gordons 6. W, S..
Radon diffusion throush concrete. 4 .

58



297.

Sevmere, F. Ho» Rvan: R. Moo Corelld, J. C,
Raden and raden daushter levels in Howe Caverns,
HEALTH PHYS, 38t 958-859, 05/--/80.

298,

Sharire, H. H.o Melvim Jo D.» Coppinss N. A.s Tombrellos T. A.» Whitcombs J. H.
Autcmated radon-thoron monitoring for earthauake prediction research, 15 p.

ABSTRACT: We describe an automated instrument for earthauake prediction research
which monitors the emiszion of radon and thoron from rock, The \nstrument enrlovs aerosol
filtration techniques and beta counting to determine raden and theron ievelsi a
prograneable aicrocomruter which controls mechanical operations, collects data, and
monitors condition of kev comronents} and a cali-ue telemetrv svstem for the transmission
af data fo a central location over standard telephone lines, Data from the first vear o
operation of a field prototvee suagests an annual crcle in the raden Tevel at the site that
is related teo thermoelastic strains in the crust. Two anomalous increases in the radon
ievel of short duration bhave been observed during the first vear of operation. Ope of
these anomalies aprears to have been a precurepr for 3 3.1 ¥ earthsuake nearbr, while the
seco:d]?av have been associated with chansing hvdrolesical conditions resulting from heavy
rainfa

299.

Sharire, M. H.

Exrerimental tests of turbulent diffusion models by hish-resolution samma rav srectroscory
of radon daushters. 17 e,

ARSTRACT: Hish-reselution samma~rav spectroscoPy has been used to carry out two
serjes of measurements of atmospheric Bi-214/Pb-214 ratxos at Fullertons CA (33 deorees 52
feet north, {17 desrees 55 feet westl, at a heisht of 20 m. In both series of measurements
a wide range of Bi-214/Ph-214 raties was observed including, on 3 number of occasions
abnormal ratios, Most of the abnormal rafios were associated with the advection of
agritime ajr into the sampling location. The results of this work have teen used to test
the sredicions of turbulent diffusion models with and without advection.

300.

Shearers S. D.. Jr., Sifly C. W,
Evaluation of atmoseheric radon in the vicinity of uranium mill tailines.
HEALTH PHYS. 17(1)% 77-88, 07/--/49.

ABSTRACT: A field studv is currentiv beins concluded at Grand Junction and Durango,
Colorado, and at Monticello and Salt Lake City, Utah, to evaluate the public health aspects
of atmosehere Rn-222 in the vicinity of vranium tailinss piles. Air is collected
continuously for 48 hour reriods from each station in order to averase out diurnal
Huctuations. The intesrated sample is then amalvzed for Rn-222, 4 total of 57 stations
is in operation, Each station is re-samrled every three weeks for one calendar vear to
include seasenal fluctuations and to permit 3 more realistic estimate of the vearly dose to
peorle in the imeediate vicipity. This paper presents data and conclusions from the | vear
studv, Of the 123 stations direct)y over tailinas, averase radon concentrations ransed from
3,5 pCi/liter to 16 pCi/1iter, Of the 44 stations pot ovzy tailinss, only two averages
areater than 1 pCi/liter. The results indicate neslisible radiation exposure of the
surrounding Porulation from this source.

301,

Shleien, B.

The sinultaneous determination of atmospheric radon by filter parer and charcoal adsoretive
techniaues.

AM, IND, WYG. ASSOC. J. 2442} 180-197, 03/—#63.
ABSTRACT: A method is described for the simultaneous collection of raden and its
daushters From environmental air samples bv a two-stase sawpling device. The radon

daushter products are separated from the air stream by means of 3 membrane filter and radon
itself is then adsorbed on activated charcoal in the saweler’s second stase. Subseaueni to
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collection: raden daushter activity is measured by alpha scintillation techniaues and
sasecus radon concentration is determined by gamma spectrometry of the charcoal adsorrtion
bed. Samples were taken under varving external environmental conditions, as well as
indoors. Results are presented comParing atmoseheric radon concentrations determined br
direct and filter raper techniaues.

302,

Shreve: #, B.. Wachtel, L. W.» Pelleus G. B.o Jr,

Air cleanina devices for reduction in nuwber of airborne bacteria,

J. DENT. RES. 49(5): 1078-1082, 0%/--/70.

cvalustad For eFHact Lvemets in”relocins concentoatiomnob aevosolzed Boca s Suptilis

spares in a closed space. It was found that air cleanine devices were effective as forced
ventilation at the same airflow rate.

302,

Silkers W, B.. Wosman, N. A., Theaas, C. W.» Carr, D. B., Heasler, P. C.
Measurement of radon diffusion and exhalation from uranium mil) tailinss piles

ENVIRON, SCI. TECHNOL. 13(8): 942-94, 08/--/79.

ABSTRACT: The concentrations of Ra-226 and Rn-222 (Ph-214) were measured as a
function of derth within a uranium mil) tailinss pile by in situ samma-ray srectrometry.
Radon diffusion and exhalation rates were determined from the concentration sradients br
enrlovins an intesral solution of the diffusion esuation that accommodates 2 nonuniform
derth distribution of the rarent radium. Radon diffusion coefficients of 0.0002 and 0.0017
square_centimeters/second and exhalation rates of 60-275 atom/square_centimeter/second were
determined for two lTocations with differins 50il moisture content. This method evajvates
d:Ffusxon and exha]at:on rarazeters from radon concentration chanses that have occured over
time periods of several davs. It: therefore. intesrates short-term variations due to
changes in atmoseheric and meteorolosical conditions that would ordinarily be measured br
methods invelving surface radon coliection or accumulation techniques commonly appiied to

field studies.

Smith, D.
Ventilation rates and their influence on equilibrium fractien. 4 p,

Snihs, o (.. Ehdwall, H.» National Institute of Rediation Protection. Fack, S-104 Ot
Stockholm Sweden.,

Supervision of radon daushier exposure in mines in Sweden. SSI: 1976-023, 1976,

306,

Spitzs H, Bu: Wrenns M. E.. Cohens N,

Divrnal variatien of raden measured indoors and cutdeors in Grand Junction, Colorade and
Te:neck. Ng: Jersey and the influence that ventilation has upon the buildue of radon
indoors, P,

ABSTRACT: “Continuous" measurements of Re~222 were performed indoors and outdaors in
two Tocalities which differ erimarily in the amount of radon source material witiin, under,
and around buildins foundations. Grand Junction represents an area where uranium mili
tailings have been incorrorated into several residential and commercial structures. There
is also a uranium mil) tailinss pile within the boundarv of the city. The radon
concentration measured in the basement of a residential structure in Grand Junction keoun
to have no uranium mill tailinss within or around the foundation {i.e., a “centrol” house)
vas 0,9 plus or minus 0.2 pCi/liter (mean £lus or minys 1 S.D. of the mean), Results of
continuous measurements of radon in other structures in Grand Junction indicate that the
presence of uranjum mili tailings increased the averase indoor radon concentraion by at
least a factor of tan comeired to the structure without tailinos. The outdeor raden
concentration averased 0.7 rCiftiver with a ranse of 0.3 te 1.6 pCi/Viter
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307,

Stehnv, A. F.» Norriss W, P> Lucas, H. F.s Jr.o Jdohnston, W, H.
A nethod for measuring the rate of elimination of radon in breath.
AM, JJ, ROENTGENOL., RADIUM THER. NUCL. MED. 73(S): 774-784, 05/--/55.

ABSTRACT: Eouirment and erocedures are described for measyrins the time rate of
elimination of radon in exhaled air, The accuracy and sensitivity of the analvsis are
isproved by samrling larae volumes of exhaled air from which radon is adserbed on charcoal,
["terference with normal breathins is nesligible, because subjects breathe throush lapge
diameter tubing into a flexible bas from which the samele is drawn throush the cellection
arraratus under 3 small vacuum, Sareling eeriods of thirty minutes’ duration are common.
The radoen is measured in a_low backsround Prorortional counter or in an ionization chamber
which 15 conpected to an electrometer. The feasibility of extendina radon analvses to
nermal body burdens of the order of E~10 sram Ra is discussed.

308,

Stein, L.
Ionic radon selutions.
SCIENCE 168t 3b2-364, 04/17/70.

ABSTRACT: Radon is oxidized between ~195 dearees and 25 descees C by chiorine
fluorides, bromine fluorides: igdine heptafluoride, and NiF4(2-) ien in hvdregen fluoride
with the formation of stable solutions of radon fiuoride. Electromisration studies show
th?trthe radon is present as cations Possibly Rn(24) or RoF{i+). in several conducting
selutions.

309,

Stein, L.
Chemical methods for removins radon and radon daushters from air,

SCIENCE 175: 1463-1465: 03/31/72.

ABSTRACT! Liquid bromine trifiueride and the solid complexes CIF2SbFés BrF25bFé,
BrF45b2Fll, IF4(SbF8)3. and BrF2BiF6 react seontaneously with radon and radon daushters at
25 desrees C, converting the radicelements to nonvolatile ions and compounds. The_reagents
can be used in sas-scrubbing units to remove radon and raden daushters from air. The
halogen fluoride-antimony pentafluoride complexes mav be suitable for purfving air in
uranium wines and analvzing radon in air, since ther have low dissociation pressures at 25
desrees C and are Jess hazardous o handie than lisuid halosen fiuorides.

310.

Steiny L.
Removal of raden from air by oxidation with bromine triftuoride.

J. INORG. NUCL. CHEM, 35¢ 39-43, 1973,

ABSTRACT: An oxidation method for removins radon from air with liquid bromine
trifluoride was tested with samrles of ambient air containing 0.098-0.189 pCi/1 of Rn=222,
954 of the radon was removed in 3 two-stage gas-scrubbing unit {20 milliliters liauid
volume) at a flow rate of 130 milliliters/minute, and sma)ler percentascs were removed at
hisher flow rates (winimum of 767 at 640 milliliters/minute). The possibility of Purifring
air in uranium mines with bromine trifiuoride and other oxidants is discussed.

311,

Stein, L.

Removal of xenon and radon from contaminated atmosrheres with dioxvsenvi
hexafluaroantimonate, 025bFé.

NATURE (LONDON) 30-32, 05/04/73.

312,

Stein, L,
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Atnaf;?ere purification of radon and radon daushter elements. U.5. Patent No. 3,778:49%% 3
Pus N

ABSTRACT: A method for purifrins ap atmosphere of radon and radon daushter elements
which may be contained therein by contacting the atmosehere with a fluorinating solution.
uhereby the radon and radon daushters are oxidized to their respective fluorides. The
fluorides dissolve in the fluorinating solution and are removed from the atmoseheres which
aay then be recirculated.

Steir L.

Atmosphere purification of xenon, radon & radon daushter elements. U.S. Patent No.
,029:551 4 5., 08/13/7A.

ABSTRACT: # method of Purifvins an atamoschere of xenon. radon and radon daushter
elements by Passing the atmosehere containins these elements throush a reaction ed of
dioxyseny] hexafluorcantimonate, which oxidizes the xemon, radon and radon daushte
elements to their resrective fluorides which remain in the reaction bed and are hus
removed from the atmosehere, and recirculating the pupified atmosphere. The methed is also
useful for serarating the before-named elements from krypton

3t4.

Steinhausler: F.: Hofman. W.» Pohl, E.» Pohl-Relins, J.

Local and temporal distribution Pattern of radon and daushters in an urban environment and
deternination of argan dese fresuency distributions with demoscorial methods. P.

i ABSTRACT: In a norsal urban environment inhaled radon and its decav products cayse an
imrortant part of the human radiation burden not onty for the respiratory tract but aise
for severa) other organs, Measurements of the aip activity are, however, compiicated by
the fact that large local and temeoral fluctuations occur outdoors and even more indeors
where an yeban sorulation mainly lives. In order to obtain proeer information concerninz
the dose distribution within an urban porulation it it necessarv to use demoscopical
methods which means to select testeersons and determine their individual mean annua) doses
for the most immortant orsans and tissues. e made such a studv in Salzburs town, Austria
(150,000 inhabitants), with 729 testpersons. From each of thea the living activity was
inauireds i.e. their mean times spent on the individual sleepins~, ivins- and workins
rlaces and their corresprondins physical activities. strongly influencing the reseiratery
ninute volume and consesuently the inhaled radioactivity. At al) rlaces and additienally
also in other buildinas and outdoors; annual means of the external sanes radiation as well
a5 of the air content of Rn-222 and its short-lived decay products were determined

Because of the sreat short- and lons~time fluctuations of the air activity we develored a
special method to obtain sisnificant annual mean values with 3 limited number of
neasurementsi At five "control situations® (in different buildinas) measurements were made
once or twice a dav to receive information on the temroral variations. This surPlies
correction factors for all the other sites where only grab-sameline (four times a vear) was
done, RaD, Rn-220 and ThB were determined onlv at the control stations and outdoors, From
all these measureaents (more than_8,000) and information ingyired we calculated mean annual
organ doses of each testeerson. The doses due to cosmic radiation, 40K and other
cadionuclides incorporated were added, Dose freauency distributions for eisht orsans and
tissues are given in the paper, The ranse of the mean annual doses in mrem for gonads is
only 73 to 126, amounts to 70 te 335 for the kidnevs and finally reaches 117 to 10,700 for
the basal cells of the bronchial epithelium.

315,

Steinhausler, F.

Lons-term measurements of Rn-222, Rn-220, Pb-214, and Pb-212 concentrations in the air of
private and public buildings and their demendence on meteorclesical parameters.

HEALTH PHYS, 29t 705712, 11/--/T5,

ABSTRACT: The concentration of Rn=222, Rn-220 and their short-live¢ Jaushter products
were aeasured simvitaneously inside public and private buildinss in Innsbruck. Austria.
Aerroximately 750 measurements were carried out with two double-filter devices, 2
single-Filter device and air saseline in specially desisned air-bass for a Perxod of almost
1 vear. The buildinss were made out of bricks concrete, stone, and woed, At all test
stations the rooms were not ventilated. The concentration data. tesether with 24
meteorolovica) variables, were used for a comprehensive resression anaivsis with a stepwise

elimination of variables. [t was mossible to determine those variables which account for
the time variation of radioactivity in the air of 1 oiven {nonventilated) room as there are
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the chanses of (3) the barometric mressure, (b) the soil temrerature, (¢} the daily mean
temserature in the open atmosphere, {d) the daily mean wind seeed, (e) the relative
humidity: and (F) the daily ranse of the teweerature in the omen atmosehere and the
absolute value of the vertical temrerature sradient outdoors.

314,

Steinhavsier, F.

Lons~term measurements of Rn~222, Rn-220, Pb-214 and Pb-212 concentrations in the air of
private and public buildines and their dependence on meteorolosical rarameters.

HEALTH PHYS. 29t 705-713, 11/--/75,

ABSTRACT: The concentration of Rn-222) Rn-220 and their short-lived daushter products
were measured simitaneously inside public and private buildinas in Innsbruck, Austria.
Approximately 750 measuresents were carried oyt with two double-filter devices, a
single~filter device and air sampling in specizlly desisned air-bass for a period of aimost
1 ye, The buildings were made out of brick. concretes stone and wood. At all tests
stations the rooms were not ventilated. The concentration data, tosether with 2%
metecrolosical variables, were used for a comprehensive resression analvsis with 3 sterwise
elimination of variables. It was possible to determine those variables which account for
the time variation of ridelctxvltv in the air of a siven (non-ventilated) rook as there
are the chanses of {a) the barometric pressyre, (b) the soil temperature, {c) the daily
sean temperature in the open atmosphere: (d) the daily mean wind speeds (e) the relative
humiditys and (f) the daily ranse of the teseerature in the open atmosrhere and the
absolute value of the vertical temeerature oradient outdoors.

317,

L7:57

Strain, C. D.: Watsom J. Ei» Jr.s Fonss S,

An evaluation of Ra-226 and Rn-222 concentrations in sround and surface water near a
rhosphate mining and wanufacturins facility,

SYSTEM TIME CANCELLED...SYSTEM WILL REMAIN UP TORIGHT....

HEALTH PHYS. 37t 779-733: 12/—/79.

318,

Stranden, £., Berteis, L., Usletveit: 7.
A studr on raden in dwellinas.

HEALTH PHYS, 36(31: #13-421, 03/--/79.

ABSTRACT: Values of the radon and radon daushter concentration in different tvees of
Norwegian dwellings are rerorted. The mean radon concentrations found were 1.3 eCi/liter,
2.0 pCi/liter and 1.0 pCi/liter for buildinss mth outer walls of wood: concrete and brick,
cespectively. An esuilibrium facter o wis found to be representative for the
dwellinss. The variations of the radon concentrahon due to ventilation and atmospheric
pressure were investisated by continuous measurements with an 1onization chamber inside a
roon with very poor ventilation and a room with strong artificial ventilation. A daily
decrease of 1 maHa was found to give an increase in the radon concentration of about &% of
the mean value. The porulation averase dose to the bronchial erithelium from inhalation of
radon’s short-lived daushters was found to be about 220 mrad/vear in Norwar.

9.

Stranden, E.
A tus-count filter method for measurement of Rn-220 and Rn-222 daushters in air.

HEALTH PHYS. 38t 73-76, 01/--/80.

Stranden, E.
Radon in dwellinas and lung cancer: A discussion
HEALTH PHYS, 38: 301-306, 03/--/80.
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ABSTRACT: A discussion of the Juns cancer risk associated with radon exposure inside
duellings is presented, The risk factors found for miners are discussed and modified
according to the Tower meqn breathing rates inside dwellings and the differences in
atmosehere. Statistical incormation on the lung cancer incidence in the Norwesian
porulation indicates that a "doubling exposure rate” of raden daushters inside dwellinss
mav be about 2-3 WM/vr. This corresponds to a radon concentration of about 10-15 eCi/l.
These values are used in a discussion of the consequences of a future reduction of the
mean ventilation rates in sodern houses.

Steanden, E.
Theron and radon daushters in different atmospheres.
HEALTH PHYS. 38: 777-785. 05/--/80

ABSTRACT: The raden ind thoron daushter concentrations in different atnnspheres are
discussed in this eaper, 1f the daushter concentratidns are exeressed in
cafculations show that the thoron daushter concentration mav well exceed the radon
daughter concentration. This has alse been verified by a few exrerimental resuits in
basements, In dweilings, linine materials on walls and floor act as a shield for the
thoron exhalation, but even in such houses, exeeriments show that the thoron davshter
concentration may be sisnificant

z,

Stringer, C. W,
Removal of radioactive radon daushters from air. U,S. Patent No. 3,853,501 7 e,. 12/19/73,

ABSTRACT: An imeroved mrocess for controlling radicactive radon daushters in the air
in a working environment in a mine or durina ore processins is described. The described
process involving a filter for water contaminated with radon daushters is used in
condunction with air cleanins systems which emplovy water as a trap for radon dayshters.
The filer medium involves use of sranular substrate which has been dried and oil-wetted
with a normallv-liquid hvdrocarbon material,

323,

Stromwold: D. Co

Monitorins of the airport calibration rads at Walker Field, Grand Junction: Colorado for
Tong-term radiation variations. GJBX-99{73} 35 ., 08/--/73.

ABSTRPACT: Monitorins of radiation from the U.S, Derartment of Enerav Lalibration Pads
located at Walker Field Airport, Grand Junction. Colorade has been initiated to detect
possible lons-term variations in the radioactive character of the eads. A Nal detector is
being used to collect srectral data over the enersy ranse 0.5 MeV to 2 Mel. For the first
7 months of the monitoring. the period covered br this reeort, an increase of approximatelv
10 percent_in the arparent uranium concentration of the rads was detected durins the vinter
of 1978, This increase is attributed to radon buildur in the pads due te meteorolical
effects, Information is also presented ons the ehvsical descrietion of the rads, their
rad:a:etrlc concentrations and uniformity, and the effects of rainuater on observed
radiation.

324

Strona, Ju C.v Duggan, M. J.

The effect of the presence of thoron daushters on the measurement of radon daushter
concentrations.

HEALTH PHYS. 25t 293-300, 09/--/73.

325,

Stronss Ju C.» Dussan: M. J.

The effect of the presence of thoron daushters on the measurement of radon daushier
cancentrations.

HEALTH PHYS, 25: 299-300, 09/--/73,
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326,

Strongs K. P.o Leving D, M.
Drnamic adseretion of radon on activated carbon.
PROCEEDINGS OF THE FIFTEENTH DDE NUCLEAR AIR [LEANING CONFERENCE 627-639, 02/—/7%.

ABSTRACT: The adsoretion of Re~222 from air onto activated carbon was studied over
the range 0-35 desrees C. A sharp rulse of radon was injected into an air stream that
flowed throush a bed of activated carbon. The radon concentration in the exit from the
coluan was continuously monitored using a zinc syifide almha~scintillation flow cell
Elution curves were analysed to determine the dvnamic adsorrt:on coefficient and the nuaber
of theoretical stases, Five tvpes of activated carbon were tested and the dvnanic
adsorption coefficient was found to increase linearly with surface area in the ranse
1000-1300 sauare leters/srin. The adsoretive caracity of activated carbon was reduced by
up to 30 Pe; cent if the enterins 9as was saturated with water varor and the bed was
initially dry, If the bed was alluwed to esuilibrate with saturated dir, the adsorstive
capacity was too low to be of practical use. The minimum heisht eauivalent to a
theoretica] stase (HETS) was about four times the rarticle diameter and cccurred at
superficial velocities within the ranse 0.002-0.02 meters/second. For superficial
velocities above 0.05 meters/second, the HETS was determined by the rate of mass transfer
The aeplication of these results to the desisn of activated carbon systems fer radon
retention is discussed.

327,

Subba Ramu: M. C.

Cilébr%tion of a diffusion sameler used for the measurement of unattached radon daushter
products.

ATHOS, EMVIRON. 14 145-147, 1980,

ABSTRACT: A diffusion sameler for the collection of unattached radon daushter
products has been calibrated and found to have an efficiencr of about %0% at a flow rate of
1 liter/minute. Previous lower effiviencies appear to have been caused by insufficient
precautions in exciuding aerosols from the calibration svstems. Studies show that
diffusion samelers can conveniently be used for investisation of the formation of
radiolvtic aergsels in filtered 9ases and air, and of the attachment of radon daushter
atoms or 10ns to aerosols.

Sundell, J.

Eneray vs. indoer air quality in Sweden. 7 p.

329.

Suomela, M. Kahlos H,

Studies on the elimination rate and the radiation exposure followins insestion of Rn2Z2
rich water.

HEALTH PHYS, 23(5): 641-432, 11/—/72.

ABSTRACT: Radon-222 and its daushter in drinkine water causes a radiation dose to the
stomach of the order of Maximum Permissible Dose if water containing 100 nCi Rn-222/1iter
is consumed resularly. Te evaluate the radiation dose in real conditions two tyres of
experinents ugre rerformed with 2 whole-bodv counter. In the first series of measurements
the elimination of Bi-214 rrom the body was fellowed in test subjects who hid insested
radon-rich water in & siniec intab=. A one-component expenential function with a
bioleaica! half-tife varvine from 30 to 5O minutes w35 Found to describe the ellaxnatlﬂn of
radon, Special attertion was paid to the escare of radon from the water and its effect or
the state of disesui-iorium between radon and its daushters after intake. In the second
series of measuremsits  orouP of persons who had consumed radon-rich vater dailv was
studied. The daily radon intake of these persons was estimated at &0 nCi. obtaired 1n two
or thrae portions. From the results of the experiments the doze eauivalent of 240-440
aren/sicrofi Rn-222 was derived and the saximum daily intake was set at 0.1 microCi for

Rn=222 in drinkine water.

Swediemarks G. A,
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Radiation dose increase associated with enersv conservation attributable to reduced
ventilation, SSI: 1978-014 8 p.. 07/--/78.

331,

Suedjemarks G, A.
Ventilation requirements in relation to the emanation of radon from buildins materials.

INDOOR CLIMATE: ETFECTS ON HUMAN COMFORT, PERFORMANCE, AND HEALTH IN RESIDENTIAL,
L IGHT-INDUSTRY BUILDINGS. PROCEEDINGS OF THE FIRST INTERNATIONAL INDOOR

COMPERCIAL, AND
CLIMATE SYMPOSIWM,. 1973,

twediemark: G, A.
Rgdio%&lvih' in houses built of aerated concrete based on alum shale, S51:1980-14 & ey,

ABSTRACT: The highest activities in commonly used Swedish buildino materials are
found in acrated concrete based on alum shale. The enhanced activity leve| is dug to the
hish cnnfent of radiua-226, The averase activity concentration of radiun-226 varigs

etween different producers of aerated concrete based on alum shale from 20 eCi/s "¢ 65
eli/9, Houses built in the same war with the same amounts of aerated concrete can
therefore have verv different oamea fevels and verv different concentrations of radon in
the ajr with the same air exchange rate. Aerated concrete based on alum shale was used as
a building material in Sweden from 1930 to 1975. The averase concentration of radon
davshters found in houses built of aerated concrete based to a maior extent on alum shale
is about 2,7 pCi/1. The hishest radon concentrations have been found in houses built
entirely of aerated concrete based on alum shale. A sroup of 9 houses with ratural drausht
ventilation svstens has been investisated with resard to the concentration of radon, the
equilibrium equivalent concentration of radon (EEC) and the samma dose rate. The air
exchange rates varied between the houses f~om 0.21 to 0.43/hour and the radon concentration
from 15 pCi/t to 31 #Ci/1s The values siven are averages for each house

§ueg.ielark, G. A.» National Institute of Radiation Protection. Fack S-104 01 Stockholm
Sueden.

Radon in dwellings in Sweden. SS[: 1978-013 24 e., 04/--/78.

ARSTRACT: Studies on the seecific activities in buildino materials, the
gasma-radiation Tevels in dwellinss, the concentrations of radon and daushters ip the aip
indoors and the concentration of radon in tae water are in prosress in Sweden. in basis of
these investisations and of the investisation of Hultavist from the besinnins of the

93075, an attemet has been made to show how the radiation doses in dwellinss have chansed
by huean activities anu what these chanves imply in teras of collective dose. The arnual
collective absorbed dose in the basal cells of the critical bronchial resien have increased
from t1 x £3 manGr for the occurants of dwellinss existins in 1950 to 25 x E3 manfv for
duellinss existing in 1975, 1f the building of houses continues as at present it can be
estimated that the annual collective dose will be between 25 and 31 x EI manbv for the
dweliines of 15835,

334,

gueddjemark. G. A.» National Institute of Radiation Protection. Fack. 3-104 01 Stockholm
weden.,

The ionizing radiation in dwellinas related to the building materials. 381t 1977-004 9 p.

v

Tanisuchi, H.» Vasudevs P,
Radon and radon daushters due to natural uranium occurrences in a rural Ontaric community.
12 p

ABSTRACT: The results of a syrver of radon-222 and its short-lived raden daushters in
343 homes in the rural community of March Township, near Ottawa, Canada, are reported.
Aerial samma-ray seectrometry carried out over the %0 sauare kilometer area had shown the
presence of up to 5 pev uranium.  The arithmetic average value of the radon dayshters in
the basement of these howes was 0.014 plus or minus 0.0256 WL. Thirteen percent of the
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homes had radon daushter concentrations exceedins an arbitrary reference valve of 0.02 WL
and the hishest was 0,19 WL._ The most fresvently observed radon sas values for the hones
in this catesory was in the 5 to 10 PCi/Titer interval. From these measurements. the
aquilibrium Factor between radon and its daushters was shown to be 0,33 plus or minus 0.1%.

Taniguchi. H.

Present practices of the Department of National Heaith and Weifare for the arex monitoring
of radon and daushier products,

PRUEDH&-» OF THE SPECIALIST MEETING ON PERSONAL DUSIMETRY AND AREA MONITORING SUITABLE
RADON AND DAUGHTER PRODICTS, 251-254

337,

Tanoers A. B.» Adams, Jo A, S. fed.y, Lowder, W, A, led.)
Charter 9. Radon migratien in the sround: A review.
THE NATURAL @ JIATION ENVIRONMENT. 161-190, (964,

338.

TarpPan, J. T.

Fhase 1I demonstration of electrostatic filtration system as a uranium mill tailinss
remedial action, 27 p., 02/09/75.

Tell, W,

Measures taken by the buildina authorities in order te reduce radiation risks in huildinss.
3 .y 03/06/80.

339,

Thomas: J.

A method for caleulation of the absorbed dose to the epithelium of the respiratory tract
after inhalation of davshter products of radoen

AN, OCCUP, HYG, 7(3): 271-284, 09/—/54.

.

Thomas, 4. Y., Lelares P. C.
A studv of the two-filter method for raden-222.
HEALTH PHYS. 18(2): 113-122, 02/--/70.

ABSTRACT: A basic esuation for calculating radon concentration in the two-filter
method from aleha counts of the exit Filter has been develored: eliminating the need for
calibrations, The equation takes inte account the sawplino time, countina time, flou rate
tube lenath and volume. and includes a correction factor for diffusion loss in the
two—filter tube. An experimental confirmation of the eauation was pbtained over a wide
ranse of variables bv coararine radon concentrations with a National Bureau cf Standards
sources when the diffusion rate of radium-A was taken to be 0.085 ssuare centimeter/second.
This value is considerably hisher than the values cited in_the Titerature which. however
were gbtained with older radium-A atoms, Variations in relative humidity did not affect
results in the 20-90% ranse, The two-filter method having the important advantase of
simplicity, not resuiring specialized instrumentation or elaborate sas handling techniaues
i5_also accurate as shown by the verified hasic euation develored in this work.
Calculations have indiiated that the sensitivity of the methed is in khe range of 0.1-1C
pCifiiter of radon, depending on tube size, sameling time and countins Fime,

342,

Thoras» J. H.

Modification of the Tsiveslou method for radon daushters in air.
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HEALTH PHYS. 19(5): 691, 11/--/70.

343, Thomas, J. W.
An automated atmospheric radon sampling svstem.
ATMIS, ENVIRON. 4¢4): 285, 1972,

244. Thomas, J. W
Measurement of radon daushters in air.
HEALTH PHYS. 23(6): 783-783, 12/--/72.

ABSTRACT: A simpte method for determ:natxon sf RaA, RaB and RaC has beer developed
which has a sensitivitv of the order of | #Ci/liter for each nuclide, An air samele is
obtained and the total aleha disintesrations in three selected time intervals after the end
of air sarPling determined, The concentration of each nuclide is then obtained from an
equation invelvine the alrha disiptesrations, the samelins flou rates and known numerical
coefficients, Sinrle equations sivins the standard deviation of the nuclide concentrations
have alsy been derived. The method was optimized for accuracy by investizatine a laree
nusber of sampling times and countins intervals, ,and it is recommended that 5 minute air
sameling be used, followed br alrha counts from 2 to 5, & to 20 and 21 to 30 minutes after
the end of sameline.

245, Themas, Jo He
Neohle gas absoretion process. U.S. Fatent No. 3,890,121 9 p., 06/17/75.

ABSTRACT: The method of removins a noble gas from air comerising the use of activated
carbon filters in stases in which absoretion and desoretion sters in succession are
conducted in order to increase the capacitr of the filters.

346, Thomas: J. W.» Fisenne, [. M.
Continuous monitoring of urban raden-222 concentrations. HASL-298
HASL ENVIRONNENTAL QUARTERLY. 1 2-I 4, 01/01/74.

ABSTRACT? An environmental radon monitor (ERM-2) has been used to continuously
measure variations in Rn-222 concentration in New York Citv. The averase eraund feve!
concentration was found to be about 100 PCifcubic meters with very Tittle diurnal
variation.

347, Thomas: J. H.
A svstem for continuous radon determination. HASL~327 14 p.. 07/--/77.

ABSTRACT: A system for continupys radon determination based on aleha countina has
been develored which takes into consideration deposition of radon daushters in the radun
detecting volume, The radon concentration is calculated from the total number of aleha
counts cbtained in successive 2000s time intervals, the detector velume and counting
efficiencys an an experimetally determined radon daushter deposition factor.

348, Thomas, J. W.» Countess, R. Jd.
Continvous radon monitor.
HEALTH PHYS. 34(b): 734-738, 0b/--/79,
349, Themass J. W.» Health and Safetv Laboratory. U.S. Atomic Enersy Commission, MNew York NY
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10014,
gs?su;§gent of radon daushters in air by alrha counting of air Filters, HASL-256 24 ».»

ABSTRACT: A simrle method for determination of Raf: RaB and RaC has been develored
which has a sensitivity of the order of 1 eCifliter for each nuclide. An air sample is
obtained and the total alpha disintesrations in three selected time intervals after the end
of air saweling deterwined. The ciacentrations of each fuclide is then obtained from an
eauation invelving the 3isha disintesrations, the sameling flow rite, and known numerical
coefficients. Simele euations givine the standard deviation of the nuclide concentrations
have alse been derived. The wethod was optimized for accuracy by investisatine a larse
nuaber of sameling times and counting intervals, and it is recommended that 5 minute air
samplina be useds followed by alrha counts from 2 te 5, 6 to 20, and 21 to 30 minutes after
the end of sameling,

Thomass J. W.» Health and Safeiy Laboratorv, U.S. Atomic Enersy Commission. New York NY
?f;er?égation of radon Progeny in air from alpha activity in air samples. HASL~202 27 p..

i,

Toth, A, Feher, I.. Novotny Lakatos: S., Koszoros, L., Keszthelvi B.

Fitting normal disteibutions of the observed thoriums radium, emanatins radium: potasium
and emanating power data for the concretes and bricks in Hungary, P,

ABSTRACT: Natural radioactive isotore concentrations and emanation factors were
measured on concrete and brick sameles produced in different Parts of Hunsary. The natural
activity pardneters measured on sameles produced in a oiven factory within a period of 1-2
vears show normal distribution at a confidence level of 0.05 in 95 of the cases. Samples
received at different times from all the building factories upder investisation (mixed
distributions) showed about half and half normal and losnormal distributions of natural
activity parameters at s confidence leve) of 0,05, Calculating with the arithmetical means
obtained for each of the natural activities substituted inte simele models it was found
that the radon and thoron activity is exnected to increase by about 25% while the burden
from external radie*san #n decrease by a factor of 2.3 in the new prefabricated arartments
aade of concrete : th the conventiona) arartments with brick walls and concrete
ceilins, The dat. s the masurenents were used to establish reference levels
for the radiolos .a r concrete and brick produced in Hungarr

352,

Toth, A,

aeterninins the reseiratory dosase from Raf, Rab. and RaC inhaled by the ropulation in
ungary.

HEALTH PHYS, 23t 281-289, 09/--/72,

ABSTRACT: The rerort describes the determination of short-lived radon decay products
found in unventilated livino rooms in Hunsarv, Altogether BAl analvses were carried out in
18 different towns and villases of our country. In 92% of the investisations the rooms had

not been aired for at Teast 8 hours prior to taking the air sample. The buildins materials
making uP the walls and the distances of the rooms from around Tevel were different in oqur
studies, The characteristics of the relative frequency distributions of the concentratxnnt
tan senerally be said to have been losarithmic-normal. The arithmetical averase: of t

Radium &, Radxum B, and Radium C concentrations_obtained throush the 941 measurements uere:
3.03, 2.64, and 2,49 pCi/fliter, respectivelv, The standard Zaviatiors of the individual
concentration determinations with reference to the RaA- Rab- and Ral-concentrations were:
Plus or minus 3.66, Flus or minus 3,38 PlUs or Ainus 2.27 ¢Cifliter, On the bas sis of
these radon daushter product concentrations and of certain assumetions elaborated in the
text, the followina weishted averase airha-dose-rates were obtained for the Hunsarian
ropulation: bronchial eritheliumt 800 mrad rer annums while for the whole of the lunas:
120 mrad per annum,

333,

Travis, C. C.. Watscn, A, P.o McDowell-Bover: L. M., Cotter: S, J.. Randolphs M, L.,
Fields, 0. E.

Natural and technolosically enhanced sources of raden-222.
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NUCL. 8F. 20(6): 722723, L1/--/79.

ABSTRACT: fAn assesswent of An=222 releases (turdessvear) from major natyral and
technologicaliy enhanced sources in the United States is presented. The resulting
inhalation porulation_dose commitments to the bronchial erithelium of the luns {Juns-rem)
are also estimated. The sources of radon considered are natural soil, evapotranseiration
rotable water supplies, building materials, natural bas, uranium mining and miliing, coal
and phosphate mining, phosphate fertilizer, tiauefied petroleun aas, seothernal power
facilities, coal-fired power plants, and sas and oil wells. The most important natural
source of Rp=222 is decay of Ra-226 in the soil and rocks of the earth’s crust. This
source results in approxlnitelv A0% of the total population dose from all sources of raden,
The larsest technolosicaily enhanced contributor to ropulation dose is airborne Rn-222 in
buxldxns interiors, which is estimated to contribute 55% to the total porulation exrosure
to Rn-222, Each of the other seurces is estimated to contribute less than 3% of the total.

354, Tremblay, R. Jov Leclerc, A.- Touwnsend, M., G.o Mathieus C.. Perin, R
Measurement of raden proseny concentration in air by alrha-particle spectrometric counting
durins and after air samplins.
HEALTH PHYS, 36(3): 401-411, 03/-~/79,

ABSTRACT: A procedure is presented for calculatine air concentrations of the
short~lived progeny of radon-22z by the use of a alpha-particle spectronetrv. The
procedure, essentially an extension of those of Kerr and Martz, allous the determination of
the concentrations of Rafs RaB and RaC from one intesral aleha-count of Rah and tw
intesral alpha-counts of Ral’ with counting intepvals during and/or after air samelins, A
computer proseam is presented which calculates the concentrations of Rad, RaB and RaC in
air and the accuracies in these calculated concentrations, for overlappins or
nar-overlarping counting and sameling intervals. The advantases of counting during
same}ing are discussed and the counts comrared with those taken after the termination of
samrie collection,

358, Tsiveglous € Gy Avers Ho E.o Holaday, 0, A,
Occurrence of nonesuilibrium atmospheric mixturas of radon and its daushters,
NUCLEONICS 11(9): 40-45, 09/--/53,
336. Van Cilla, M. A.y Tarsum B H,
Scintillation counter for assar of raden sas
NUCLEONICS 13{2): 68-69, 02/--/55,
357, Vivyurka, A,
Assessment of subfloor ventilation systems. 8 e,
358, Waller: M. D,
Radon and its daughters products in mine atmospheres: An introduction to its wccurrence,
de‘ection and rontrel.
CAMBORNE SCH, MINES J, 77: 28-42, 1977,
339, Walsh, P. J.» Killoush, G. G., Rohwer, P. S

Composite hazard index for assessins limitir. exeosures to environmental pollutants:
Formulation and derivation.

ENVIRON. SCI. TECHNOL. 12(7): 799-802, 07/--/78.
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ABSTRACT: A calculationa} andex x:*hodelosy is developed for 1imitine lLuman exrosure
to environmental moilutants. Hazard index is defined 3s O/l where @ is 4 Aeasure o
exPosures such as an orsan’s burden of a pollutant €rem all envxronnenta rathuavs, ang 0L
is a corresponding Jinit that should not be exceeded because of health risk to husan
beinss, Mathematical formulations relatins hazard indices to envirormental pollutant
concentration are develored for each sameline medium correspending te each effluent mode.
These formulations are used to derive Timitina pollutant concentrations such that the
resultant measure of exposure will not exceed the heelth risk limit. Mathematical
formulations for comrosite hazard indices for multirle pollutants are presented.

Walsh, P 4,
Dose conversion factors for radon daushters
HEALTH PHYS. 35(5): 601-609, 05/--/79.

ABSTRACT: Dose conversion factors that are consistent with present epidemislosical,
toxicolosical and theoretical evidence about radiesenic Juns cancer are suggested for
short-Tived radon daushters, These dose conversion factors are based uyron risk estimates
derived from eridemiolosical studies that have demonstrated ap association between exrosure
of the luns to ionizing radiation and lune cancer, Various risk estimators are compared
including absolute risk: relative risks percent increase in excess cases» and excess cases
a5 a fraction of observed cases. The nature of risk per unit exposure as a function of
exrosure is shoun to be dependent on the risk estimator used. The hvpthesis is supported
in the range of available data. The nature of exposure response relationshies at low
exrosures is uncertain because of uncertainties in individual exposure estlmates. Risks
couid be overestimated or underestimated depending on the cisk estimator used when
exposures approach backsround cxrosures. especialy if backaround exposures are not included
in exPosure estimates

361,

Ward: W, Jos 111, Fleischers R, L.+ Mosro~Camperos A,
Barrier technisue for separate measurement of radun isotores.
REV. SCI, INSTRUM, 42(1{}: 1440-(44%. §1/—-/77.

ABSTRACT: Lonser-lived radicactive isotoees of elements can be serarated from s
nixture of isotoees in passing from one volume to a second bv the use of an seeropriate
intervening barrier so that the shorter-lived isotores decav before reachins the detectar.
The seraration can most effectivelv be created bv use of a membranes a surelv diffusional
barpier is also effective. The technisues are demonstrated in experiments with 2,8-dar
Rn-222 and 36-s An-220.

362,

Washinstons R. A., Chi: W.. Resan R.
The use of vermiculite to contro) dust and radon daushters in undersround uranium mine air.

TRANS, CAN. INST. MIN. METALL, 74¢ 52-60, 1973,

ABSTRACT: In yranium mines, the purification of undersround mine air can be
accomelished by the removal of dust earticles and radon daushters using filters
Full-scale statiscally desisned experiments with Flow rates up to 10,000 cfm have been
conducted at Denison Mines Ltd. on mine air filtration with vermiculite as a filter
materdal. Various filtration bed thickaesses were chosen, with different face ve]urxtxes
through each bed thickness. HResults on total dust, reseirable dust and radon daushter
collection efficiencies were analvsed statistically. It is shown that these collection
efficiencies are directiy related to the filter bed thickness. However, the different
face velocities seem to affect onlY the cottection of radon daushter. Optimun collectian
efficiencias for a clean bed of about 30% were found for respirable dust and radon
daushters, and about 40% for total dust, using an & inch thick bed and a face velocitr
500 fem, Dust build-ur on the filter bed durins oreration led to an increase in colXectlon
efficiency, reaching 40 to 60X after tuo weeks

Werners Jan

Redon 1n Swedish buildinss.
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SWED, BUILD. AES. NEWS 1979420t 1-24 05/—/79,

364,

white, 0., Jr., Health and Safetv Laboratery, U.S. Atomic Enerov Commission. New York
Operations Office.

fAn evaluation of six radon dosimeters. HASL Technical Mesorandus é9-22A. 21 ., 10/29/43.

ABSTRACT: 3ix different tvees of dosimeter were evaluated for suitability in
monitoring the exrosures of uranium miners. are sufficiently coaract te be worn
continuouslv by miners while performing resular work. Four of the dosimeters are intended
for the measurement of raden daushterss two zre intended for radon. The performance of
three af the dosimeters was failr to sood in the laboratory in a series of exwppsures to
sinulated uranium mine atmosrheres. None of the dosimeters were satifactery in month-'one
periods of actual use in two uranium mines.

Hhite, 0., Jr., Health and Safetv Laboratory. U.S. Atomic Enerar Commission. New York
Operations Office,

Evaluation of MIT and ORM. radon daushter dosimeters. HASL Technical Memorandum 70-3 23 p.
» 07728470,

ABSTRACT: Tuwo radon daushter dosimeters desisned at Massachusetts Institute of
Technolesy and Oak Ridse National Laboratorv. reseectivelv, for measuring the exposures of
uranium miners were tested in the laboratory and the field. In laboraterv tests, responses
of both instruments correlated well with exrosures but were relatively imerecise. In
tuo-veek use-tests in a yranium mine, neither dosimeter save reliable indications of
exrosure, the ORM. unit being in error by as much 2s @ factor of three and the MIT wnat by
as much as a factor of thirty. The Tatter instrument’s poor reseonse data are attritutable
1 larse rart to one or more malfunctions that affected nearlv everv instrument durins the
rleld tests. Deficiencies in the air-flow systems, which were investisated in detail,
contributed to poor Performance in both instruments. Preparation and amalvsis of detectors
were performed at MIT and ORML and hence, were not examined as pessihle sources of error.

366,

whites O.» Jr.» Health and Safety Laboratory. U.S. Atomic Enersr Commission. New York
Operations Office.

Eval?afég77?F MOD and ORNL radon daushter dosimeters. HASL Technical Memorandum 71-17 23
F.s 3/71,

367,

Kilkening, K.
Radon transeort processes below the earth’s surface. 17 p

ABSTRACT: Proces:es by which Rn=222 is transported from the soi! to the earth’s
surface are reviewed. RN-222 formed in the earth’s crust by the decav of Ra-2% ic
free to move only it the Rn-222 atoms_find their wav into soil pores and capillaries, The
mechanisms effective in transeorting Rn- o the curface are related to the size and
configyration of the seaces eccupied by the_soil sas Jhich mav varv from melecular
interstices to large urdersround caverns, The near-surface transeort processes are divided
into_two categories: a microscoric one which includes melecular diffysien and viscous flow
in fine capillaries. and macroscoric flow in fissures and channels. Molecular diffusion is
divided into fwo cases, one called Knudsen diffusion where the mean free Path is lons
compared with the diameter of an equivalent capiilary by which the phvsical structure of
the soil is approximated, and the other is ordinary bulk diffusion in the soil where the
mean tree path 15 short with reseect to the dimensions of the pore spaces. Poiseuille flow
is 3_third concert useful where transport can he accomrlished by laminar Flow throush
carillaries where pressure sradients exist, Undersround air rich in Rn-f22 can alse reach
the surface throush cracks, fissures and undersround channeis. This tvee ut transport is
demonstrated for 1} a horizontal tunnel penetrating a fractured hillside, 2) a tarse
underaround caver and 2) velcanic activity, Pressure differentials havine various ratura!
orisi?s and thermal sradients are shown to be responsible for the transeort in these
exanples.

32,

Wilkening, M. H.
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Natura) radieactivity as a tracer in the sertina of aeresols dccording to mobility,
REY. SCI. INSTRUM, 23{1): 13-16, OL/~~/S2

ABSTRACT: Natural radisactivity in the atmosehere is used as 3 “tracer” 1n the studv
of_aerosol Particle size distribution in the submicroscoric ranse. Particulate matter 15
collected by a device which First ionizes the pacticles and then serarates thes according
to their mobilities. The results indicate that most of the natural radivactivity in the
atmosehere attaches itself to articles havina diameters in the ranse 0.00] to 0.04 micron,
[ Predomnant arouring of _the activity occurs in the vicinity of two particle diameters:
0,009 and 0,018 wicron. The relationshir between the distribution of radicactivity and the
abundance of rarticles in different size ranges is discussed.

349,

Witkening, M. H.. Watkins, D. £,
Air exchange and 222-Rn concentrations in the Carlsbad Caverns.
HEALTH PHYS. 31 139-14S, 08/--/76.

ABSTRACT: Radon 222 concentrations in th air in Carisbad Caverns have been measured
at different times of the vear in order to define certaln features of the ratural
circulation of the cave atmosrhere and to ostimate the internal radiation exeosure to
vistors and Park Service personpel, Concentrations averase 48 pCi/liter in the summer when
the temperature lapse rate provides 3 stable cave atmosehere, In the winter nonths air
from outside having a Ra-222 concentration of onlv about 0.2 #Ti/iiter mixes with the cave
air reducing radon levels to about 15 pCi/liter. A sirle mode) obtained by envatips the
ineut of Rn=222 atoms from the rocks and soils of the cave’s interior surfaces to the sum
of terms for radiocactive decav and dilution of the cave atmosphere by outdoor air emables
one to eredict, for steadv-state conditions, the areroximate levels of activity to be
expected for all months of the vear. If it is assumed that the short-lived daushter
rroducts of Rn-222 are present in equilbrium amounts, Park Service Personnel sPending mest
of their time undersround apreroach the 4 WM/vear (workins level months per vear) exposure
linit established for the uranium industry. A visitor on a 3 hour trip throush the Caverns
uould receive only a few per cent of the exposure suides for the meneral population.

aan.

Williams, R. H.s Ross, M. H.
Brillins for ¢il and 9as in our houses.
TECHNOL. REV. 24-3%, 03/--/80,

1.

Windham, $. T., Savase: E. D.v Phillirss C. R,

The effects of home ventilation svstems on indoor radon-radon daushter levels.
EPA-520/5-77-011 24 p.» 10/--178,

ABSTRACT: A studv was conducted in 3 house in Polk Coustys Flerida: to determine the
effects of normal home ventilation methods on radon» raden prosenv. and workinm levels,
Three ventilation conditions were studied which aeeroximate these found during rormal
occurancy. The effects of the central air conditioner, the central blower witheut air
conditioning and outside air ventilation were studied, with radon. raden proZeny, and
vorking level measurements made sequentially until sisnificant chanses ceased to he
observed, In a}l three experiments, radon, radon Prosenys and working levels decreased.
with the decreases corresponding to estimated increases in house ventilatien rate,

372

Wrenns M, E.. Rosen, J, C.» Van Pelt W, R,
Steady state solutions for the diffusion eavations of radon-222 daushters,
HERLTH PHYS. 16! 647-656, 1969,

ABSTRACT: A matheratical mode! describins steadv state diffusion of Rn-222 daushters,
based on a ynifors distrioution of radon has been develored. Solutions are gemerated for
four courled> non-homosenous differential eavations satisfrins the boundarvy conditions that

ihe concentrations of a)) daushters vanish at the walls For cylindrical seometry. The
solutions of these eauations give the concentration of Raf, RaB. RaC and RaD as a function
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of the distance from the center of the containing vessel in terms of the diffysien
coefficients the radioactive decav constants, and the dimemsions of the containment vessel,
The results, intesrated gver the volume of the container and expressed as a fraction of the
radon concentration, vield parent-daushter eauilbrium values For cvlinders of various
dimensions. When the cvlindrical sesmetrv is used to aeproximate a vranium mine tunnel
with 3 diameter of § feet, the model indicates that a sisnificant earent-daushter
disequilibrium exists using a value of the diffysion constant characteristic of unattached
1ons or atoms, Under non-static conditions. convective or turbulent mixing would further
decrease the daushter concentrations relative to radon due to an increase concentration
sradient at the walls however, the precence of aerosols would tend to reduce the rate of

diffusion to the walls,

urenn, M. €., Eisenbud, M., Costa-Ribeiro, C.. Hazle, A. J., Siek, R. D.
Reduction of radon daushter concentrations in mines bv rapid mixins without makeve air,
HEALTH PHYS. 17: 405-414, 1989,

ABSTRACT: Measurements of radon daushter concentrations and their relative states of
equilbriun were made in closed sections of two uranium mines to investisate the remova! ot
radon daushters from the atmosehere by rapid mixins., Recirculation of the air within the
enclosed space once per minute reduced the workina level by a tacter of 20. This reduction
was associated with extreme disequilbrium amons the radon daushters, The lowest ratie
observed between Ra-A and Ra-B was 0.06. In this samele Ra~C was not measurable. The
mechanise involved mav be convective or turbulent diffusion to the walls of the mine.
Because the atmesphere sanpled became extremely clean {less than 200 particles/cubic
centimeter measured with a condensation nuclei counter) the diffusion constant was erobabiv
that associated with free atoms, The state of eauilbria measured indicates that removal of
Ra-B and Ra-C was more efficient than that of Ra-A, probably because the Ra-B and Ra-C have
Tonger mean lives, It apeears that with adesuate stirrina 1t mav be rossibie to remove
radon daughters from mine atmossheres without the introduction of burdensomelr large
amounts of Fresh air. These results mav not be applicable to atmospheres with hisher
particle concentrations, These results stronsly susgest that further research sheuld 2o
into methods of ventilation in which large amounts of makeur air are not required.
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Wrenns M. E.y Spitz, H. Cohens N
Desian of a continuous disital-output envirenmental raden monttor.
IEEE TRANS. NUCL. SCI. N3-22: 643-647, 02/--/7S.

ABSTRACT: A new freld instrument for the continuous measurement of radon
concentrations has been develored to investisate the masnitude and varjability of
environmental levels of Rn-222. Passive diffusion of radon, but net 1ts Jaushters, cecurs
throush an open rore Polvurethane foam into a sensitive volume where a static electric
field directs the positivelv ionized radon daushter products to a central collecting
electrode, Pulses in a Ins(fs) scln(xllator, resulting from the alpha emission of Po-21&
and Po-214, are observed with a rhotomultir)ier tube and counted usine standard NIM
electronics. The detector unit has been fabricated inte a small, convenient packase for
indoor air saopling without the use of air~ movers or Pumps. The unit 15 uncbtrusive and
accertable into @ dailv routine without disrueting normal family or business activities
The monitar can detect as little as 0.3 oCi/liter for a 40 minute count (alpha = .05). The
equilibrivm detection efficiency of the instrument is 0.7 cem/pCi/liter,
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Wraght: £. S.» Couvess C. M.
Radiatten-induced carcinoma of the luns: The St. Lawrerce trasedy
J. THORAC. CARDIOVASC. SURG. 74{4): 495-498, 10/--/77.

ABSTRACT: This parer reviews the problem of radiation-induced carcinoma of the 1ing
in the fluorsear mines of Newfoundland. Zeventy-eisht workerc have died From this dizease
since commercial operation commenced in 1933, In 1959 the source of the radiation was
identified as radon, and its daushter nucleotides present as contaminants in water seepins
into the mines. Heavv-smokino is probably a syneraistic cocarcinesen, The histelesv in
this grour of patients with radiation-induced lung cancer is unusualy since sauanous cell
carcinoma accounts for 90 percent of ali cases. There have baen four patients with second
primary lung cancers. Radical radiotherapy has been the primary mode of treatment based on
the reluctance of the miners to underso operation. Surprisingly scod results have been
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sbtained, with an averase survival time of 34 months after treatment, Institution of
inrroved ventilation has reduced radiation te safe levels, but an estimated 120 miners from
the pre-1940 era are still at risk.
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Yashita, S.» Lebers R, E.
Searching for volatile surerheavy elements, LBL-4575
MUCLEAR SCIENCE: ANNUAL REPORT FOR THE PERIOD JULY 1, 1974-JMNE 30, 1977, 35-3%
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Yeates, D. B.» Goldin, A. S.» Moeller: D. W,
Natural radiation in the urban environment.
NUCL. SAF. 13(4): 275-286, O7¢--(T2.

ABSTRACT: Matural radiation is the largest source of ropulation dose and is imrortant
as a base Vine with which radiation-protection standards wav be compared. In this article
previous work on natural backsround radiation levels is summarized; and some new data from
Boston, Mass,. are reported, Gamma dose rates. corrected for cosaic radiation. were
weasured with larse ignization chambers: dose rates inside wooden singsle-famnily dwellings
were 25 to 50X lower than those outsides in masonry multirle-familv dwellings, ther were
about 10% lower, Concentrations of radon daushters in the air were measured bv predecay
and rostdecay aleha spectrometry: concentrations in dwellinss were comparable with cutdoor
concentrations, but concentrations in basements were hisher bv a facter of about 5.
Conzentrations in office buildinas were quite low, the radon daushters beina removed by the
ventilation svstem. Effects of buildins type, construction materials, and ventilation on
human dose are discussed, as are possible wvs of reduci.s ropylation dose,

378,

Yuan, Y. C.» Roberts, f, J., Momeni: M, H,
RadioYosical assessment methodolosy for uranium mills.
TRANS. AM. NUCL. SOC. 30: 94. 1978.

ABSTRACT: The Uranium Dispecsion and Dosimetry (UDAD} computer code has been
develored to provide estimates of potential radiation exposure to individuals and to the
seneral population within a 80-Tem radius of a reference mill site, The code i5 based on a
nodel which includes s sources of radicactive releases, the ore storase pad, ore crushing
and orinding operztions, vellowcake drying and rackaging: and the stored mill tailinss.
Only transrort throush the air is considered.
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limmerman, B. W., Rhyners C. R.. Camerons J. R.
Thermal annealing effects on the thermoluminescente of LiF,

HEALTH PHYS, 12(4): 525-531, 04/--/bb.

ABSTRACT: Isothermal annealing before or after irradiation is found to have a
definite affect ueon the thermoluminescen' alow curve of LiF (TLB-100}, Post-irradiatien
annealing: by thermally releasina electrons from their traps, reduces the size of each peak
in the slow curve, The two main dosimetry peaks each have a simple exronential decar
consistent with the model of Randall and Witkins, indicating trae depths of 1,19 »nd 1,25
eV respectively with frequency factors between E11 and £12 sec-l. Pre-irradiatio.
lnneilxns at 80 desrees C for 24 hours reduces the arex of the low_temmerature Peaks br a
factor ~f 10, while annealing at 125 desrees C, 145 desrees C or 175 desrees C for 3 hours
reduces che area of the main dosimetry peaks by a factor of one and one-haif-3. The rate
of cooling from temreratures sreater than about 150 desrees C affects the slow curve also.
Rapid cou'ins tea times of the order of seconds increases the heishts of the low
tesreratur, veaks um to a factor of 4 compared to coeling in several minutes or more.
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