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RADON; A BIBLIOGRAPHY 

The Lawrence Berkeley Laboratory, with the 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 instructions 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 Program 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 

to 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, 

1 



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 environment. 
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I . finerican National Standards Institute, Inc. (Neu York* NY) 

USA standard: Radiation protection in uranium lines and ni l Is (concentrators), USAS 
N7.M960 31 P „ 1961. 

2. American National Standards Institute* Inc {Neu York. NY) 

American national standard: Supplement to radiation protection in uranium Mines and mills 
(concentrators). ANSI N7.U-1969 \h P „ 1970. 

3. American Nat ion! Standards Institute, Inc. (New York, NY) 

American national standard: Radiation protection in uranium mines. ANSI N13.1-1971 54 p, 

ABSTRACT: This standard covers the mining* transporting and refining of ores to 
produce uranium concentrates. liorksrs in uranium nines and mills are exposed to external 
gamma and beta radiation and to airborne dust and gas containing a l l of the elements in the 
uranium series, Hhen inhaled? these elements mar build UP in deposits which H Y then 
deliver significant radiation doses to bodv tissues. This standard presents minimum 
requirements for the protection of workers from overexposure to radiation and radioactive 
dusts and gases from the uranium mining and milling industry. I t also suggests procedures 
for proper control and examination of workers in order that the desired protection be 
maintained. I t is intended that this standard Hil l serve as a guide to management and 
regulatory agencies having responsibility in this f ie ld of act iv i ty . 

4. Arsonne National Laboratory. (Arsonne, I D 

Radiological and Environmental Research Division Annual Report' Center for Human 
Radiobiology, July 1978 - June 1979. ANL-79-65, Part I I 229 p., 1979. 

5. Atomic Energy Commission. 

Part 12: Grand Junction remedial action criteria. 

FED. REGIST. (WASH., B.C.) 37: Mn- i lo , 12/31/72. 

6. Bureau of Mines. (Washington. D.C.) 
Alpha radiation exposure levels in underground uranium and other mines. 
RADI&. HEALTH DATA REP. 9(12): 719-723. 12/-/68. 

7. Bureau of Mines. (Washington, D.C.) 
Continuous measurement of working level exposure of uranium miners. 
TECHNOL. NEUS(60> 1-2, 02/-/79, 

ABSTRACT: A continuous working level monitor has been developed. A constant flow 
pump draws mine a i r through a fiberglass f i l t e r on which radioactive particles collect and 
decav. releasing alpha, beta and gamma rays. A portion of the beta panicles are detected 
by a Geiser-Mueller tube, and create electrical impulses which feed to a central monitor 
which has both analog and digital outputs. From these outputs the uorkin? level is 
calculated. Laboratory and f ie ld evaluations have demonstrated a working level accuracy of 
plus or minus 10X The unit was shown to be durable in the several months of n iw tests. 

8. Bureau of Nines. (Washington. D.C.) 
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Radon daughter dosiaeter. 

TECHNOL. NEWS 61: 1-2, 0 2 / - / 7 9 . 

Department of Energy. Division of Environmental Control Technology. (Washington, D.C.), 
Department of Energy. Grand Junction Office. (Grand Junction CO). Colorado Department of 
Koalth. (Denver, CQI. C. E. HcGuire, Inc. (Greeley. COl 

Progress report on the Grand Junction Uranium Hi l l Tailings Remedial Action Program. 
DOE/S/-O033 5 P.. 0 2 / - / 7 9 . 

ABSTRACT: This report is on the uraniiw • i l l ta i l ing remedial action program at 6rand 
Junction. Colorado. I t provides a history of the program, an analysis of the current 
status of the prosrai! prohleis encountered and Masures being taken to solve the*, and a 
forecast of future effort required. From the start of m e d i a l efforts in 1973 throu9h 
September 30. 1978. remedial action has been done on 325 individual structures, including 
289 private residences. 14 schools, and 22 coMercial business/church locations. As 
recently as one year ago. the total number of structures requiring reiedial action was 
estimate* to be about 600. However, continuing measurements of radon daughter 
concentrations in structures which previously showed only slightly elevated gamma radiation 
have resulted in identification of additional structures exceeding the Surgeons General's 
guidelines for radon daughters. Because radon daughter concentrations in structures are 
highly variable depending on the season of the year and the level of activity, annual 
averages are used for determining e l ig ib i l i ty under the guidelines. Based on this recent 
experience the estimate of the total number of structures which wil l eventually quality for 
remedial action has been increased frou $12,670,000 to $16,960,000. 

10, Department of Health, Education, and Welfare. Public Health Service. (Rockville, HD), 
Atomic Energy Commission. 

Evaluation of radon 222 near uranium tailings piles. DEft 69-1 67 p., 03/—/69. 

Departaent of National Health and welfare. Radiation Protection Bureau. {Ottawa, Ontario, 
Canada) 

Appendix F: Radiation survey of Lon9 Harbour. Newfoundland. 

FINAL REPORT: CANADIAN PUBLIC HEALTH ASSOCIATION TASK FORCE ON RUORIDE. 117-137,1978. 

12. Dilworth, Secord, Meagher t> Associates, Ltd. (Toronto. Ontario, Canada), Acres Consulting 
Services Ltd. 

Development program for radon reduction, Report 5i Radon diffusion barrier tests on 
commercial paints. DSHA Report 1095/1033 6 p., 0 4 / - / 7 9 . 

13. Dilworth. Secord, Keuher and Associates Ltd. (Toronto, Ontario, Canada), Acres Consulting 
Services Ltd. 

Development Prosraa for Radon Reduction. Report 2: Condensation nuclei concentration in 
occupied buildings. DSHA-1012/1009 3 p., U / - / 7 8 . 

14. Dilworth. Secord, Keasher and Associates Ltd, (Toronto, Ontario, Canada), Acres Consulting 
Services Ltd. 

Development Prosrai for Radon Reduction, Report 4: Radon production rate of El l iot Lake 
soils. DSW-1012/1024 9 P. , 0 1 / - / 7 9 . 

15. Dilworth, Secord. Heasher and Associates Ltd. (Toronto, Ontario, Canada), Acres Consulting 
Services Ltd. 

Developaent Prosraa for Radon Reduction, Report 7: Natural radioactivity in Ontario sands. 
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DSHA-1095/1044 11 p., 06/-/79. 

Diluorth. Secord. Heasher and Associates Ltd. (Toronto. Ontario. Canada). Acres Consulting 
Services Ltd. 
Development Program (or Radon Reduction. Report k: Variation of radon concentration in 
soil gas. DSHA-1095/1045 9 p., 06/--/79. 

17. Dilworth. Secord. Heasher and Associates Ltd. (Toronto. Ontario. Canada). Acres Consulting 
Services Ltd. 
Elliot Lake Technical Note No, 10: Estimating RaA concentration and UL by the modified 
Narkov-Rolle method. DSMA-1095/1054 4 p., 08/-/79. 

18. Dilworth, Secord. Measlier and Associates Ltd. (Toronto. Ontario. Canada). Acres Consulting 
Services Ltd. 
Elliot Lake Technical Note No. 9: Use of the Rolle method for UL estimates in houses, 
DSNA-1095/1052 2 p., 08/-/79. 

19. Oiluorth. Secord. Meagher and Associates Ltd. (Toronto. Ontario. Canada). Acres Consulting 
Services Ltd. 
Development Program for Radon Reduction. Report 8: Thoron interference with UL 
=»asurements. DSMA-1095/1053 3 p., 08/-/79. 

20. DilHorth. Secord. Meagher and Associates Ltd. (Toronto. Ontario. Canada), Acres Consulting 
Services Ltd. 
Elliot Lake Technical Note No. 6: 'Exact' Kusnetz factors for the Elliot Lake sampling 
technique. DSMA-1012/1022 3 p.. 01/-/79. 

21. DSNA Atcon Limited (Toronto. Ontario. Canada). Acres Consulting Services Limited 
Development program for radon reduction, Report IU Concrete block filters, DSHA Report 1095/1078 10 p., 12/-/79. 

22. International Commission on Radiological Protection. Committee 4. (Sutton, UK) 
Radiation protection in uranium and other mines: A report of Committee 4 of the 
International Commission on Radiological Protection. ICRP Publication 24 28 p.. 03/—/7t. 

Keith Consulting. (Uranium City. Saskatchewan. Canada) 
Reducing airborne radiation in duellings using make-up air ventilation. 21 p.. 1979. 

24, Keith Consulting. (Uranium City, Saskatchewan. Canada) 
Summary of investigation and remedial work. 4 p.. 1979. 

Keith Consulting. (Uranium City. Saskatchewan. Canada) 
Radon infiltration in a house with concrete block walls. 14 p., 1979. 
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26. Keith Cor.su! tins. (Uranium City. Saskatchewan, Canada) 

Concrete porosity and radon migration. IS p., 03/—/79. 

27. Laurence Berkeley Laboratory. Energy and Environment Division. (Berkeley. CA) 

Enersy Efficient Buildings Program. LBL-7842. 1977. 

28. National Council on Radiation Protection and Measurements. (Washington, D.C.) 

Inhaled radioactivity. NCRP-45 

NATURAL BACKGROUND RADIATION IN THE UNITED STATES. 75-89, 11/15/75. 

29. Nuclear Enersv Asency. (Paris. France). Organisation for Economic Co-operation and 
Development. (Paris, France) 

Personal dosimetry and area monitoring suitable for radon and daughter products: 
Proceedings of the NEA Specialist Meeting. 270 p. 

30. United Nations. 

Report of the United Nations Scientific Committee on the Effects of Atomic Radiation. 40 
(A/32/40) 34 p., 07/05/77. 

31. Abu-Jarad, F., Fretilin, J . H. 

Track etch detectors for radon measurements inside houses and for building material. 7 P. 

ABSTRACT: Cellulose nitrate (LR-115 Kodak and CR-39) has been used as detectors to 
study the airborne alpha-activity inside houses by tso different techniques (a ir sampler 
and can techniqe). I t has been used also to study the emanation from different building 
materials and the efficiency of different paints in reducing the emanation. Uhile the 
counting projector and screen sere used for counting the tracks from each type of detector. 

32. Adams, J. A. S. (ed . l , Lovder, U. A. (ed.) 

Appendix 4: Properties of the uranium and thorium series. 

THE NATURAL RADIATION ENVIRONMENT. 1033-1036, 19M. 

33. Alter, H. U. 

Track Etch radon ratios to soil uranium and a nem abundance estimate. 9 p. 
ABSTRACT: Equilibrium values of the radon content of soil 9as are most precisely determined by the time-integrating Track Etch technique. This method, extensively used as a uranium exploration tool, detects radon gas using dielectric detectors uhich record alpha particle emission from the gas. The detectors are placed in inverted CUPS uhich are buried in shallow hoies on a grid over the area to be explored. The CUPS are left in the ground for three to four seeks. This period of time is essential to integrate the signal and eliminate the large fluctuations in radon signal strength which occur with time. Integrated radon values, corrected to a standard exposure time of 30 daYS. are conveniently expressed as the number of alpha tracks per square millimeter, T, of the solid state track detector. 

34. Altshuler, B., Nelson, N., Kuschner. II. 
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Estimation of lung tissue dose froi the inhalation of radon and daughters, 
HEALTH PHVS. 10(12U 1137-llW, 12/-/W. 

ABSTRACT: The radon hazard is presumed to be luns cancer induced by alpha irradiation 
of basal cells in the bronchial epithelium. The effective dose is calculated bv a 
relatively complete anaWsis which includes (1) the distribution of atmospheric activitv by 
size and daughter, (2) the prediction of alpha decay in the bronchial regions from a model 
of mucus flow superimposed on calculated regional deposition? (3) measurements of 
epithelial thickness to determine accessibility of basal cells, and (4) classification of 
dose by inhaled daughter, size* alpha particle, region, and tissue depth. The 
cancer-related dose, taken as the largest dose to exceptionally shallow basal cells, 
associated with one working level of radon daughters is estimated to be 20 rads/yr for nose 
breathing at 15 I./nin., and it nav be higher. Comparison with animal experiments suggests 
that the working level may not be safe and that 30 PC/1. of daughters (0.1 ML) IHY not be 
too conservative for the MPC, 

35. Anderson* D. E. 
Efficiencies of filter papers for collecting radon daughters. 
AM. IND. HYG. ASSOC. J. 428-429, 1960. 

36. Aprilesi, G.. Uria* A., Magnoni. G.. Marseguerrai N.> Horelli, S., Rivasii M. R. 
Absolute estimation of radon daughter concentrations in air by alPha-SFectrometry. 
NUCL INSTROH. METHODS 143(11: 187-194, 01/01/78. 

ABSTRACT: A method for the estimation of the concentrations of radon daughters in air 
is given. The method is based on alpha spectroiietric counting measurements performed 
either during or after the dust collection with an electrostatic precipitator. The 
relations between measured counts and concentrations in air of the collected n.jcHdes (RaA, 
RaB and RaCI are obtained assuming a constant collection rate and a linear collection rate 
and a linear collection rate model. It turns out that the less sophisticated model gives 
more satisfactory estimations of the parameters. 

37. Archer, V. E. 
Epidemiologic studies of lung disease among miners exposed to increased levels of radon 
daughters. 7 P. 

ABSTRACT: Mortality of uranium miners from both lung cancer and other respirator, 
disease is strongly dependent on exposure to radon daughters, cigarette sacking and height. 
Lung cancer among 15 different minins croups (uranium, iron. l<sid> . I L ) was analyzed to 
determine what factors influence incidence and the induction-latent ^ r i o d . At low 
exposure and/or exposure rates, alpha radiation is nore efficient in inducing lung cancer, 
producing an upward convex exposure-response curve. The induction-latent period is 
shortened by increased age at start of mining, by cigarette smoking and bv high exposure 
rates. For followup periods of 20-25 yearsi the incidence increases with aae at start of 
mining, with magnitude of exposure and with amount of cigarette smoking. Instead of 
extrapolating downward from high exposures to estimate risk at low levels> i t is suggested 
that i t might be more appropriate to use cancer rates associated with background radiation 
as the lowest point of the exposure-response curve. 

38. Archer, V. E.. Lundin> F. E. 

Radiogenic lung cancer in nan: Exposure-effect relationship. 

ENVIRON. RES. 1(4): 370-383. 1 2 / - / 6 7 . 

ABSTRACT: Comparisons are made of lung cancer data from five groups of miners exposed 
to a wide range of levels of air-borne radioactive particles. Partly because of variable 
quality of the data for the different groupsi alternative estimates of lung cancer risk are 
used: incidence or mortality rates, ratio of observed to expected rates and proportion of 
lung cancer to all deaths. These three criteria agree that lung cancer in mining groups 
tends to be directly proportional to mean radiation exposure. After assuming linearity «f 
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this relationship and absence of a dose-rate effect, it is estimated that out rad to the 
bronchial mils of one Billion persons produces about one lung cancer per Yean and that 
the average integral dose reiuired to produce one lutis cancer is 1.3 E5 9* rad. An 
exposure of 120 MLH (estimated to equal 360 rad) appears to double the lung cancer 
incidence characteristic of the general population. 

39. Archer. V. E., Hasoner. J. K., Lundin. F. E. 
Uranium lining and cigarette smoking effects on (an. 
J. OCCUP. NED. 15(3): 204-211. 03/-/73. 

4X1. Archeri V. E., Wagoner, J. K., Lundin, F. E. 
Lun9 cancer among uraniui liners in the United States. 
HEALTH PHYS. 25(4): 351-371, 10/-/73. 

ABSTRACT: Excess respiratory cancer has been demonstrated among all groups of uranium 
liners who have had lore than 120 Uorking Level Ffonths of radon daughter exposure. Lung 
cancer incidence rose Kith increasing exposure. Factors which light distort the 
exposure-response relationship Here reviewed. Exposure to other agents such as cigarettes 
probabW contributed to the excess, but these factors should not be considered in setting 
permissible levels. Respiratory cancers art continuing to appear at a high rate a»ng the 
Study Group even though radon daughter levels have been sarkedly reduced and lost of the 
Study Croup have stopped lining. 

41, Austin, S. Ft.. Droullard, R. F., Denver Mining Research Center. Special Studies Group. 
Bids 20. Federal Center. Denver CO 80225. 
Radon eianation froi doiestic uraniui ores determined by lodifications of the closed-can, 
Sana-only assay Mthod. BuHines RI 8264 82 p., 1978. 

ABSTRACT: Eianation coefficients of 950 samples of doiestic uraniui ore were 
successfully and rapidly determined with fair precision by modifications of the closed-can. 
gaima-onlv assay method, using commercially available or similar equipment. Coefficients 
range from < U to 91t. Emanation varies considerably within each mine and area, but 
distinct differences among major lining areas were found, ranging from 7.5X for Hoss Back 
Hemb., Chinle F«., SM Lisbon Valley, Utah to 56.52 for Ft. Uion Fi. (?), Powder River-
Basin, UYO. Coefficients also vary with: (1) uranium mineralogy: (2) radium mineralogy: 
(31 lithology of host rocks; (4) grain size of uraniui and radium minerals: (5) comminution 
of ore: (6) estimated porosity and permeability; (7) moisture content; (8) ore grade, (91 
supposed mobility of deposits; age of deposits is unknown but liiited by (10) age of host 
rocks, which shows only doubtful correlation with emanation. Data obtained may be used to 
evaluate effects of investigate*) parameters on radon concentration in mines, and thus to 
select efficient control measures. Drill-core emanation data allow estimates of probable 
radon problems in undeveloped deposits. 

42. Auxier, J. A., Becker, K., Robinson, E. K., Johnson, D. R., Boyett, R. H., Abner, C. H. 
A new radon progeny personnel dosimeter. 
HEALTH PHYS. 21(1): 126-128, 07/-/71. 

43. Auxier, J. A., Shinpaugh, W. H., Kerr, G. D., Christian, D. J. 
Preliminary studies of the effects of sealants on radon eianation from concrete. 
HEALTH PHYS. 27(4): 390-391, 10/-/74. 

44. Auxier, J. A. 
Respiratory exposure in buildings due to radon progeny. 
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HEALTH PHYS. 3112): 119-125. 08/-- /74. 
ABSTRACT: The si phi radiation dose to the I TOSS of perple uho l ive in buildings 

constructed of some granites, low densitv concretes, and SYPSU*. boards i s higher than for 
residents of most other types of dwellings due to the airborne progeny of radon, There i s 
evidence that sealing the interior surfaces Kith epcxv paint, for example, can reduce the 
alpha dose to the lung significantly without a compensating ..urease in wl»le-bodv exposure 
to the gamma ravs froi radon progeny. Based on the incidence rates for luns cascer ir, 
uranium eiiners. a concentration of radon of the order of 1-5 pCi/Uter appears to te a 
reasonable limit for "lifetime" exposure indoors for "typical" home ventilation conditions. 

Axeiscn, 0 . , Edling, C. 

Health hazards from radon daughters in duellings in Sweden. 6 p. 

4t. Axelson. 0. 

Interaction between smoking and exposure to radon daughters. 4 p. 

17. Aver, H. E. 
Control of radon and its daughters in nines by ventilation. AECU-2858 20 p.. 03/15/54. 

48. Barnabv, U, 
Verv high radiation levels found in Swedish houses. 
NATURE (LONDON) 261= 6. 09/04/79. 

49. Bates, D. V., Fish, B. ft., Hatch, T, F., Hercer, T. T., Morrow. P. E. 
Deposition and retention models for internal dosimetry of the human respiratory tract. 
HEALTH PHYS. 1212): 173-207, 02/--/64. 

50. Bates, R. C . Franklin. J. C. 

Uramuift mine radon control research, 

TRANS. AH. NUCL. SOC. 27: 150-151, 1977. 

51. Bates. R. C. 

Rock sealant restricts falling barometer effect. 
KIN. ENG. (N.Y.I 29(12): 36-39, IV—IV. 

52. Bedrosian. P. H. 
Photographic technique for monitoring radon-222 and daughter products. 

HEALTH PHYS. 14(41: 800-802, 0 6 / - / 4 9 . 

53. Bedrosian, P. H., Sensintaffar, E. I . , Gels, 0. L.. Norwood, D. L., Culver, A. A. 

Sealants for sources emanating Rn-222. 
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HEALTH PHYS. 27(4): 387-390. 10/--/74. 

54. Behounek, F. 
Ustory of the exposure of liners to radon. 
HBtTH PHYS, 19(1): 56-57, 07/—/70. 

55. Black. S. C.. Archer> V. E,, Dixon, V. C , Saccomanno, G. 
Correlation of radiation exposure ir.d leid-210 in uranium liners. 
HEALTH PHVS. 14(2): 81-93, 02/-/68. 

ABSTRACT: Bone samples from thirty-two uranium Winers and eight non-miners were 
analyzed for Pb-210 content. An estimate of emulative radiation exposure to radon decay 
products in uraniin nines was made for each Mn and correlated with Ms bone Pb-210, both 
before and after adjustments for excretion were Hde. There is a definite correlation 
between exposure and bone Pb-210 as Measured, but the correlation is somewhat better ?hen 
adjustment for lead excretion is tade. The concentration of Pb-210 in the bone of uranium 
•iners is related to emulative exposure (expressed as working Level Months) by a power 
function: pCi/9 - 4.27 E-5 (HJ1H1.439). By using a nuiber of reasonable assumptions, i t 
was possible to calculate back f ro i the bone Pb-210 to detenine the aiount of rado, 
daughters inhaled and retained, and f ro i this to calculate radiation dosage dtlivereJ to 
bronchial tissue. These calculations indicate that one Uorkins Level Month delivers 
arproxiaately 2 rad to bronchial tissue. 

S6. Bluszcz, A., Pazduv, A. 
Sole physical probleis of very low Rn-222 concentration measurements with the proportional 
counter. 
NUCL. INSTJKH. METHODS 167: 299-303, 1979. 

ATTRACT: Deposition of radon atois on the detector walls has been shown to occur 
during measurements by leans of a proportional counter filled with a Rn-222 - C02 lixture. 
This paper describes studies of the phenomenon in a range of temperatures. A quantitative 
model based on the assumption of condensation of radon atois on the CG2 fill adsorbed on 
the detector walls is considered. Further expedients to verify this hypothesis are 
proposed. 

57. Bolch, U. £., Desai, N., Roessler, C. E., Kaut2, R. S. 
Determinants of radon flux froi coiplex media: Virgin and reclaimed lands of Florida's 
phosphate region. 13 P. 

ABSTRACT: Mathematical models for the transport of radon through tuo strata media is 
described. The bilaver model reduces to a transport equation for a sinsle layer of finite 
depth when the upper layer does not exist. The finite model approaches a simpler 
expression, an infinite modeli when depths exceed several meters. The models utilize a 
number of media parameters that can be measured independently or estimated froi media 
characteristics. The paper summarizes the media parameters for several land types found in 
the west Central Florida Phosphate region. Measured flux values by land type are coipared 
to predicted flux values for the respective land type. The bilaver lodel is usf'd to 
demonstrate reclamation management to reduce radon flux at the soil surface, 

58. Breslin, A. J. 
Summary discussion of monitoring instrumentation in the uranium lining industry. 5 p., 
02/ - /72. 

59. Breslin, A. J. 
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Honitorins instrumentation in the uranium mining industry. "& r.. 021—172. 

60. Bresiin, A. J., Guggenheim, S. F., Oeorse, A, C . Oraveson, R. T. 

A working level dosimeter for uraniun miners. EH.-3S3 l i r>.> 12/—/77. 

ABSTRACT: A workinm level dosimeter for uranium miners I.J5 beer, developed and 
thoroughly tested. Detection is by an alpha-sensitive thermoluminescent phosphor 
positioned directly in front of a membrane filter throush which saiple air is drawn 
continuously at a rate of 90 cubic cen';i*eters/*imrte. Response is linear over siyersl 
decades of cumulative working level exwsure and the li»it of sensitivity is aiwit !,4 
Ul-h. Attainment of a critical design objective! reliable operation in the adverse 
environmental conditions of a uranium nine, has been verified bv extensive fie'd tests. 

41, Bresiin. A. J.i George, A. C , Ueirstein, H, S,, Health and Safety Uborata-y. U.S. Atomic 
Energy Commission. New Vorfc NY. 

investigation of the radiological characteristics of uranium nine atmospheres. HASL-220 63 
p., \2t-W. 

ABSTRACT: Radiological characteristics of the environien»: uf nine representative 
uraniusi mines were studied bv survey teams equipped to co iUu ad analyze samples 
underground. Spatial and temporal variations of radon concentration, workin level, and 
radon d?.jglvter ratio were investigated for three of four days in each Bine iiv obtaining 
cons", utive measurements at typical locations and operations. Additional measurements 
included gamma radiation, ore dust concentration, temperature, relative huniditv-
barometric pressure, and ventilation rate. Data are summarized and discussed ir, the te-'t, 
and detailed in three appendices. 

62. '• Bres l in , A, J . (ed) 

Radon Workshop, February !97 ' . HASL-325 166 P. , 0 7 / - / 7 7 . 

ABSTRACT: In February 1977, a third workshop on studies of the natural radiation 
envirotment was held at the Health and Safety Laboratory. Its theme uas radon with 
specific emphasis on iiethods for measuring radon and radon daughters and on tne application 
of those methods in investigations of normal and enhanced radon exposures. The 30 
presentations and a summary of discussions in an open session are contained in this rerort. 

63. Brinck, W. I . , Schliekelman, R. J.. Bennett, B. L., Bell, C. R.. Karkwood, I. H. 

Determination of radium removal efficiencies in water treatment processes. Technical Mote 
ORP/TAB-76-5 13 P., 12/--/76. 

ABSTRACT: Numerous well-water supplies for public water svstems contain naturals-
occurring radium-226. Methods for removing radium from drinking water must be identified 
so that drinking water treatment Plants say meet the limit set in the EPA drinking <*ater 
regulations for radium in drinking water, 5 pCi/liter. Studies were performed b.' State 
agendas at 14 cities in Iowa and Illinois to determine the radium removal efficiency of 
four water treatment processes. Populations served by the water treatment plants ranged 
from 235 to 25,000. The radium-226 concentration in the raw water was greater than 5 
pCi/liter at 13 of the supplies and ranged from 3 to 49 pCi/liter. Radius removal 
efficiencies at plants utilizing reverse osmosis and sodium ion-exchange processes were 
generally about 927,. A much wider range of removal efficiencies, 757, to 957., «as found at 
plants utilizing the line-soda ash softening process. Plants utilizing iron removal 
processes only were found to have radium removals ranging from 117, to 537,. Pilot elar.* 
studies at the USEPA Cincinnati laboratory indicated that radius removal in the lime 
so.'teritng process is related to the f>H used in the process. Higher radium removal 
efficiency accompanies higher PH values. It is concluded that water treatment processes 
are available for removing radium from drinking water to meet the 5 FCi/liter limit. 

64. Budnitz, R. J. 

Rsdon-222 and its daughters: A review of instrumentation for occupational 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 developed for measuring Rn-222 and its daughters in various udia. The Min 
emphasis is on measurements for su.-veillance and protection n occupational and 
environmental situations. Measurements in specialized research applications are not 
treated in detail. Overviews are first Provided of the Phvsical characteristics of Rn-222 
and its daushters! of the sources of and typical levels of concentrations in the natural 
environment and in occupational exposures; and of the radiation guides. The various 
measurement techniques are then discussed. 

65. Bursess, U. A.. Shapiro, J. 
Protection from the daus-hter products of radon through the use of a powered air-purifyin9 respirator. 
HEALTH PHVS. 15: 115-121, 1968. 

ABSTRACT: The protection afforded bv a powered air-purifvins respirator against radon daushters has been evaluated under physiological working conditions in air concentrations of daughter products in excess of E-S Ci/1. The tests demonstrated that this device could reduce the exposure to the radon daughters by factors of greater than 1000. Since the respirator filter did not remove the radon the actual degree of protection afforded by the device in a radon-radon daughter atmosphere was evaluated. Several different methods for calculating dose were used and the results compared. It is suggested that a conservative protection factor of 20 be utilized for such devices until the critical rsgions of the lung affected by exposure to radioactivity in mines are identified. 

66. Busisin, A., Nathwani. J. S., Phillips, C. R. 
Attenuation of radon flux from uranium mil? tailings by consolidation. 
HEALTH PHYS. 36: 393-399, 03/-/79. 

ABSTRACT: A method is developed for predicting the effectiveness of consolidation of 
uranium mill tailings in reducing the releases of radon derived from decay of radium. The 
method is based upon a model of the diffusion process in terms of emanation coefficients 
and diffusivities, and provides for easy experimental evaluation of these parameters. From 
the model, the minunium effective depth of consolidated tailings can be predicted. 

67. Busisin, A., van der Vooren. A., Phil l ips, C. R. 

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

HEALTH PHVS. 37: 659-667, 11/-/79. 

ABSTRACT: Continuous monitoring of radon concentrations can yield substantially more information than grab sampling in situations where concentrations vary significantly with time. Although several continuous monitors have been designed, calibration is usually difficult and not completely rigorous. In this work a simple and rigorous method is developed for the calibraion and operation of all types of continuous flow-through instruments. Theoretical and experimental verification of the method is Provided. 

68. Busigin, A., van der Vooren, A. U., Phillips, C. R. 
Collection of radon daughters on filter media. 
ENVIRON. SCI. TECHNOL. 14(5): 533-536, 05/-/80. 

ABSTRACT: Filters commonly used in the collection of radon daughters are compared in terms of surface collection and overall collection efficiency. Alpha spectroscopy is used to determine the magnitude of penetration of unattached and attached radon daughters to determine the surf-:-:? collection efficiency of 20 different filters. Collection efficiency was found to be et' '.ively 100X in all filters. However, surface collection varies 
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widely, with implications for recoil loss and for measurement of alpha spectra. 

69. Cam G.i Tappam J. T. 

Phase I demonstration and study of ventilation/filtration techniques as a uranium mil 1 
tailings remedial action. 74 p.. 09/--/76. 

70. Carson. D. U. 
CanalPh-3: A portable three-channel alpha sFectrometer for neasuring the daughter products 
of radon and thoron. MRP/MSL 79-108 (TR) « P . . 07/--/79. 

ABSTRACT! A portable three-chanel alpha spectrometer for the measurement of radon and 
thoron daughters in uranium mines or homes is described. The computer programs for 
analYsins the data to give the working levels of radon and thoron by both the alpha 
spectrometric and modified Kusttetz (wthods are included along with some typical results. 

71. Caruthers, L T., Waltner, A. W. 

Need for standard; for natural airborne radioactivity (radon and daughters) concentrations 
in modern building;. 

HEALTH FHYS. 29(5): 814-817. 11/--/73. 

ABSTRACT; A survey of radon 222 concentrations in the buildings of the North Carolina 
State University and surrounding homes is discussed. It uas found that high air activities 
mere not necessarily correlated with large concrete structures. Ventilation and desree of 
tightness of buildings were found to be dominant factors in indoor air radiation levels. 
Increased ventilation of one campus building significantly reduced radon levels. It is 
suggested maximum permissable concentrations or other radiation standards be mandated for 
building and homes. 

72. Cehn, J. I. 
Comments on "Rapid measurements of Rn-222 concentrations in water uith a commercial liquid 
scinti l lation counter." 

HEALTH PHYS. 35(6): 363, 12/- - /78. 

ABSTRACT: In this letter to the editor, Cehn crit ic izes the paper by Prichsrd "Rapid 
measurement of Rn-222 concentration in water uith a commercial liquid scinti l lat ion 
counter." (Health Physicsi 33; p 577.1 In question is the reported 1 otter limit of 
detection obtainable with Prichard's method of radon measurement. 

73. Chamberlain* ft. C Dyson, E. D. 

The dose to the trachea and bronchi from the decay products of radon and theron. 

BR. J. RADIOL. 29(342): 317-325, 06/--/5&. 

74, Chapuis, A., Dai 1evict D., Duport. P.. Soudain. G., Commissariat a 1'Enersie AUrnwue. 
Department de Protection, Service Technique d'Etudes de Protection et de Pollution 
Atmospheriiue. Section Dosimetric Physique. 

Radon dosimetry. 5 p. 

75. Clements, U. E.. Wilkening, M. H. 

Atmospheric pressure effects on 222 Rn transport across the earth-air interface. 

J. GEOPHYS. RES. 79(33): 5025-5029, U/20/74. 



ABSTRACT! The effect of large-scale atmospheric Pressure changes on the Rn-222 flux 
across the soil-air interface is investigated. Field data collected during 1972 and 1973 
show that pressure charges of 1-22 associated with the passage of frontal svstens produce 
changes in the Rn-222 flux from 20 to 40X> depending t»on the rate of change of pressure 
and its duration. A simple model of molecular diffusion combined yith pressure-induced 
transport in the soil has been confirmed by.laboratory experiments using a vertical column 
of Ra-226 bearing sand. On the basis of this model, pressure changes of 10-20 mbar 
occurring over a period of 1-2 days produce Barcv velocities of the order of E-4 cubic 
teters 5-1 near the surface i>f a soil having a permeability of E-8 cubic meters. The 
corresponding variations in the Rn-222 flux predicted bv the lodel are in asreeient with 
those observed from valley all mum » centra Nev Mexico, 

76. Cliff, K. D. 

A radon daughter nonitor for use in the general environment and in lines. 9 p. 

Cliff, K. D. 
Radon daughter exposure of the U.K. population: Effects of energy conservation and possible action to reduce exposure. 13 P. 

Cliff, K. D. 
Assessment of airborne radon daughter concentrations in dwellings in Great Britain. 
PHYS. HED. BIOL. 23(4): 696-711, 1978. 

ABSTRACT! Calculations of the activity concentration RaA (Po-2181 in ths air within living rooms and in the outside air mere made at 87 dwellings in England and Scotland. From thesi measurements together with a determination of the ventilation rate existing in the room at the tine of the measurements, the rate at lahich Rs-222 is emanating from room surfaces into room air in pCi/1 iter/hour can be calculated. Foi the duellings studied the mean emanation rate is 0.54 pCi/liter/hour and on the basis of a mean ventilation rate of one room change per hour throughout the Year and assuming an occupancy factor of 0.8 the population exposure rate for the population of Great Britain to the short-lived daughters of Rn-222 is estimated to be 0.15 Siorkiits Level (tenths per Year. 

Cliff, K. D. 
The measurement of low concentrations of radon-222 daughters in air, with emphasis on RaA assessment. 
PHYS. (ED, BIOL. 23(1): 55-65, 01/-/78. 

ABSTRACT! A number of methods exist for the measurement of the activity concentrations of radon-222 daughters in air but in most cases interest is centred on determining the Working Levels. In those instances where individual daughter activity concentrations are assessed the precision of the assessment ov RaA (Po-218) is poor unless spectrometry is used. In environmental monitoring the measurement of RaA activity concentrations is a reliable indicator of radon activity concentrations as lou as 0,05 pCi/1 (50 pCi/cubic meter) of RaA to be measured with simple readily transportable equipment. The method presented here also measures RaB (Pb-214) and RaC (Bi-2141 activity concentrations and Storking Levels with improved precision compared with established methods. 

Cliff, K. D. 
Population exposure to the short-lived daughters of radon-222 in Great Britain, 
RADIOL. PROT. BULL, (22! 18-23, 01/-/78. 

ABSTRACT: A survey of the concentrations of radon 222 daughter products in and surrounding 87 English homes 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 sean of 0.54 pCil (SUPI l-U h <su?l M l u s found for alt hows except those 
using hish radius content granite. Using a mean ventilation rate of one air change per 
hour throughout the Year and based on an estimated occupancy factor of 0.8* the population 
exposure rate for Lhe population of Great Britain is estimated to be 0.15 ULH V (SUP) (-1). 
Ventilation reduction imposed by risins fuel costs is expected to raise the present 
exposure levels. 

81. Cliff. K. D.. Davies, B. L > ReissJand, J. A. 
Little dan9er fro* radon. 
NATURE 27?: 12, 05/03/79. 

82. Coheni B. I. 
Radon! Characteristics, natural occurrence, technological enhancement, and health effects. 

63 p., 08/-/78. 
ABSTRACT: Reviews the general properties of radon, its health effects and its various 

sources. Includes discussion of the following topics' 11 treasuring techniques? 2) the 
working level unit; 3) radon behavior in the atmosphere, 4) radiation dose front inhalation; 
5) health effects in miners and in the general public! 6) evaluation of the linearity 
hypothesis of dose-effectsJ 7) uranium mil1 tailings as a source of radon" 81 health 
effects from mill tailings, ?) reduction of emissions from mill tailings, 10) use of mi 11 
tailing? in construction; il) uranium mills and nines as sources of radon! 12) radon 
exposure reduction through uranium mining" 13) and other radon sources such as coal, 
natural gas, phosphates, and water supplies. 

S3. Coleman, R. D.< Kusnetz, H. L , Wool rich. P. F.> Holaday, D. A. 
Radon and radon daughter hazards in mine atmospheres: Investigations on supplemental 
control. 
AM. IND. HYG. ASSOC. Q. 17: 105-410. 12/-/56. 

64. Colle, R. ted.), HcN&U. P. E., Jr. ted.) 
Radon in buildings: Proceedings of a roundtable discussion of radon in buildings held at 
the National Bureau of Standards. NBS Special Publication 581 84 p., 06/--/8O. 

ABSTRACT: This is the proceedings of a Roundtable Discussion of Radon in Buildings 
held June 15, 1979 at the National Bureau of Standards in Gaithersbyr-g, Maryland. The 
fleeting brought together a number of participants with diverse interdisciplinary interest 
in radiation protection, radiation measurement and building technology, provided a forum to 
exchange information! and dreu attention to some of the problems and research needs 
associated uith radiation exposure due to radon in buildings. Emphasis was placed on ill 
the characterization of the sources and pathways of radon in buildings, (2) the biological 
and health effects! (3) measurement considerations' and (4) strategies and control 
technologies to ni»ini2e indoor radiation exposure. 

35. Colle. R. (ed). McNall, P. E.. Jr. (ed) 
Radon in buildings: Proceedings of a RoundtabU Discussion on Radon in Buildings held at 
the National Bureau of Standards, Gaithersburs, Maryland. June 15, 1979. NBS Special 
Publication 581 84 p., 06/-/8O. 

ABSTRACT: This is the proceedings of a Roundtable Discussion of Radon in Buildings 
he'd June 15i 1979 at the National Bureau of Standards in Gaithersburg, Maryland. The 
meeting brought together a number of participants uith diverse interdisciplinay interests 
in radiation protection, radiation measurement and building technology, provided a forun to 
exchange information, and drew attention to some of the problems and research needs 
associated uith radiation exposure due to radon in buildings. Emphasis was placed on (1) 
the characterization of the sources and pathways of radon in buildings; 12) the biological 
and health effects, (3) measurement considerations! and (4) strategies and control 
technologies to minimize indoor radiation exposure. 
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86. Costa-Riteiro, C . Thomas. J . , Drev. R. T, , Hrenn, M. E., Eisenbud. H. 

A radon detector suitable for personnel or area monitoring. 

HEALTH PHYS. 17: 193-198. 1969. 

ABSTRACT: A radon detector is described uhich can be used to measure integrated radon 
exposure. Radon but not i ts daughters in the atmosphere to be sampled diffuses through a 
porous medium into a charter uith a sensitive volume of 28 cubic centimeters. A 60 V 
potential is maintained between a hemispherical screen and an aluminized mylar film 
covering a zinc sulfide (ZnS(Asl) coated lucite light Pipe. When Rn-222 decays. Po-218, 
uhich is generally produced as a positively charged ion, is electrostatically collected on 
the aluiinized mylar surface. Decay of Po-218 (T 1/2 = 3.05 mini produces scintillations 
in the zinc sulfide* which are recorded on a photographic f i l n selected because of i ts 
sensitivity to the 4500 A radiation emitted bv ZnSlAg), The film is then developed and the 
exposure read bY conventional densitometry, in this paper* the design of the device is 
described* and the results of f ield and laboratory tests are presented. The instruient has 
a capability of monitoring atmospheres ubich average between 40 pCi/1. and 550 pCi/1. of 
radon during a period of 170 br. 

87 Cote. P.. Carson. D. U.. Lederc, A., Tovnsend. H, C , Tremblay, R. J. 

Optimisation of radon and thoron daughter counting Procedures. MRP/HSL 78-201 (0P6J) 17 p. 
, 1 0 / - / 7 8 . 

ABSTRACT: A general procedure for counting total alpha-particles in air containing 
mixtures of radon and thoron is introduced that allous estimation of radon and thoron 
daughter WL's to plus or minus 20X. A general procedure is also proposed for a 
3-enersv-channel alpha-spectroieter to evaluate RaA. RiB. RaC, ThB and ThC. Thcron 
daughter W-'s uere found to be about half those of radon dausliter WL's in a uranium line in 
Canada. 

88. Countess. R. J. 

Rn-222 flux measurement iiith a charcoal canister, 

HEALTH PHVS. 31(51: 455-156, U / - / 7 6 . 

ABSTRACT: A simple method for measuring radon 222 emanation from surfaces has been developed. It consists of placing a U.S. A m y gas canister containing activated carbon over a source to adsorb radon gas. Analysis of the daughter products formed from the adsorbed radon is Performed by gamma spectroscopy. This process differs from earlier methods in that there is no need to transfer the carbon for gamma analysis, thus there is less possibility for radon loss. The canisters have the advantage of being reliable, reusable, convenient, and inexpensive. Counting errors as lou as seven rer cent are possible uith 100 minute counts. 

89. Countess. R. J.. TlraRs. J. U. 
Radon flask monitor. HASL-330 17 p.. 08/-/77. 

ABSTRACT: A continuous monitor for radon in air based on scintillation alpha counting has been developed for measurement of concentrations over 1 pCi/l. The monitor draus air through a scintillation flask and the operation is automated such that the total alpha counts are printed out every 2000s. Radon concentration is calculated uith use of a correction for daughter activity deposited in the flask during previous sampling. 

90. Countess, R. J. 
Measurement of 222-Rn in later . 

HEALTH PHVS. 34: 390-391, 04/—/78. 
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91. Cox, F. H. 
New solid lithium fluoride thermoluminescent dosimeters. 11 p. 

92. Cross. F. T., Stuart* B. 0.. Palmer, R. F.> Gaven. J. C , Upton. K. C. 
Inhaled radon daughters and uranium ore dust in rodents. PNL 2850 (Pt. I) 
PACIFIC NORTHWEST LABORATORY ANNUAL REPORT FOR 1978 TO THE DOE ASSISTANT SECRETARY FOR 
ENVIRONMENT. PART I: BIOMEDICAL SCIENCES. 3.55-3.57. 1978. 

ABSTRACT: Groups of male SPF Histar rats were exposed to several levels of radon 
daughters and uranium ore dust. These studies were designed to elucidate the dependence of 
pulmonary disease states on radon daughter exposure rate with concurrent exposure to ore 
dust. Clinical and histopatholosical data to date indicate no significant differences 
among exposed animals when compared with controls. 

93. Crozier, W, D., Biles. N. 
Measurements of radon 220 (thoron) in the atmosphere below 50 centimeters. 
J. GEOPHYS. RES. 71(201: 4735-4741, 10/15/66. 

ABSTRACT*. Direct measurements of radon 220 (Thoron) have been made from the ground 
surface to a height of 50 cm. using apparatus adapted from that of G.H. Israel. Activity 
profiles are sisilar to those calculated t>Y Jactbi and Andre and by Wormell. this supports 
their assumption that in the 50-on height range a linear increase of diffusivitY with 
heisht proper)Y describes the turbulent diffusion of radioactive emissions from the soil 
surface, at least for turbulence of moderate intensity. The maximum activity at ground 
level, as expected, occurs at night during intervals of very low wind speed, it reaches 
values 75 to 150 times as high as the typical activities at 50 cm and 1 a. The radon 220 
flux through the soil surface at our site is approximately 2.1 E-15 curie/square 
centimeter/second, or 0.006 atom/square centimeter/second. The activities of radon 220 
plus polonium 216 observed under conditions of very low turbulent diffusion are capable of 
yielding an ion production rate of about 250 ion pairs/cubic centimeter/second in thr 
'.owest 10 en of the atmosphere over appreciable time intervals, this seenis adequate J 
explain the presence jf the shallou stratum of relatively high space charge density 
previously reported to exist under the conditions. 

94. Crozier. W. D. 
Direct measurement of radon-220 (thoron) exhalation from the ground. 

J. GEOPHYS. RES. 74(17): 4199-4205. 08/15/69. 

ABSTRACT: A method has been devised for direct measurement of Rn-220 ftux through the 
ground surface ('exhalation'), and measurements are reported for six sites. At one site 
comparisons are tkade betueen the measured exhalation and those exhalations deduced from 
Rn-220 profiles in the air above the si te ' agreement is good with lou intensity of 
turbulence. The discrepancies with higher turbulence are discussed. 

95. Culot, M. V. J . , Olson. H. G.. Schiaser. K. J. 

Effective diffusion coefficient of radon in concrete, theory and method for f ield 
measurements, 

HEALTH PHYS. 30(3): 263-270, 0 3 / - / 7 6 . 

ABSTRACT: A linear diffusion model 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 walls after 
application of an impervious radon barrier. A resolution of certain discrepancies noted 
in the literature In the use of an effective diffusion coefficient to nodeI diffusion of a 
radioactive gas through a porous medium is suggested. An outline of factors expected to 
affect the concrete physical structure and the effective diffusion coefficient of radon 
through it is also presented. Finally, a field method for evaluating effective radon 
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diffusion coefficients in concrete is proposed and results of measurements performed on a 
concrete foundation wall are compared with sinilar published values of gas diffusion 
coefficients in concrete™ 

96. Culot, M. V. J., Schiager, K. J., Olson, H. G. 
Prediction of increased gamma fields after application of a radon barrier tr. concrete 
surfaces. 
HEALTH PHYS. 30: 471-478, 06/-/76. 

ABSTRACT: A sizable reduction of the indoor radon progeny exposure level is 
anticipated in structures fro* the application of a radon barrier to the indoor surfaces of 
concrete foundations* behind or in which uranium mill tailings exist. The predicted 
accumulation of radon and gaMa emitting radon pro9enY behind the barrier was studieJ. 
Radon accumulations were modeled by application of linear diffusion theory to a 
multilayered system of porous media. A comparison of the gamma exposure; associated with 
concentration profiles prior to and after application of a radan barrier resulted in the 
prediction of sufficients low fractional increases to justify field testing of the 
barrier. 

97. Culot, M. V. J.> Schiager, K, J., Olson, H. G. 
Development of a radon barrier. 
HEALTH PHYS. 35(21: 375-380, 03/—/73. 

ABSTRACT: High radon progeny exposure exist in structures where uranium sill tailings 
have been improperly used as a concrete aggregate constituent and a leveling or backfill 
material. The application of a rado>i barrier on the indoor face of these structures' 
foundations is considered a potential leans U reduce the radon progeny exposure to the 
occupants. Presented here are the methods used and the results obtained in the search for 
a material capable of inhibiting or entirely blocking diffusion of a noble radioactive gas 
such as radon; a material which would simultaneously offer soot! durability and be 
practical. Demonstration of the method's applicability is shown by successful reduction of 
radon concentrations to sub-background levels in an experimental building built atop 
uranium nil] taitinss. 

93. Damon, P. E., Hvde, H. I. 
Scinti l lation tube for the measurement of radioactive gases. 

REV. SCI. IKSTRUM. 23(121* 7«>, 1 2 / - / 5 2 . 

99. Decker, H. M., Buchanan, L. K., Hall, L. B., Goddard, K. R. 

Air f i l t ra t ion of microbial particles. 

AH. J . PUBLIC HEALTH 53(12): 1982-1988. 12 / - /A3. 

ABSTRACT: A review of the problem of cleaning air to remove microbial particles is 
presented with particular attention to the kinds of equipment available for this purpose. 
The potentialities and limitations of various f i l ters and other devices are discussed. 
Recommendations are made for different situations. 

100. Douglas, R. L.» Hans, J. H.> Holff, T. A., U.S. Environmental Protection Agency. Office of 
Radiation Programs - Las Vegas Facil i ty. P.O. Box 15027. Las Vegas NV 89U4. 

Horkins level screening survey of structures constructed of materials containing pumice. 
ORP/LV-78-6 25 P., 0 5 / - / 7 8 , 

ABSTRACT: This report describes the results of a screening survey conducted in 
several northern New Mexico communities to estimate the levels of radon progeny (working 
levels! in building, constructed of materials containing pumice. This localv-produced 
material is used as a Hsbtmuht igsrraate in concrete blocks- and contains slightly 
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elevated levels of natural radionuclides. The screening survey results indicate that the 
use of pumice block HY increase the working level in the structure* although the effect is 
so snail that it is difficult to separate it fro* background variations and from the 
variability caused by other parameters. 

101. Drem> R. T., Eisenbud. fl. 

The natural radiation dose to indigenous rodents on the florro Do Ferro. Brazil. 

HEALTH PHYS. 12(9): 1267-1274. 09/ - - /66. 

ABSTRACT: The feasibility of studying the dose trots natural radioactivity received br 
indigenous rodents in remote areas has been demonstrated on the Horro do Ferro, a large 
hill in Ninas Gerais> Brazil. The abnormally high ambient gamma radiation. 1 m above the 
ground! ranges from 0.05 to 3.2 nR/hr, and is due to the presence of thorium in the soils 
and rocks. Estimates were made of the dose from external gamma radiation, internally 
deposited Ra-226 and Ra-22S. and inhalation of Rn-220, Rn-222 and their daughter products. 
The techniques used to attain these data in the field and laboratory are described. 
External gamma exposure was measured by releasing trapped rodents into which fluoroglass 
rod dosimeters had been implanted subcutaneous!v. The dosimeters were removed after 
retrappins abjut 5 weeks later and indicated that the average dose over a several ueek 
period ranged from 0.15 to 0.76 mrad/hri equivalent to 1.3-6.7 rad/yr. The bone dose from 
Ra-228 has been estimated bv radiochemical analysis, the preliminary results of which 
indicate concentratios *f 0.7 to 2.B PC/9 bone ash leading to a dose in the order of 3 
ren/rr. Estimates of the dose from inhalation of the radioactive noble gases were made 
using field measurements of the Rn-222 and Rn-220 content of air aspirated from rodent 
burrows. It was found that the Rn-220 concentrations vary from near normal levels to E-4 
microcuries/ml. The problems involved in calculating the dose to the lung and other organs 
from Rn-220 and Rn-222 inhalation are discussed and preliminary data are given. Using 
alternative methods of calculation the dose to the lung tissues is estimated to be in the 
range of 3 x E-3 to 3 x E-4 rem/vr. 

102. Dussan. fl. J., Howell. D. It 

The measurement of the unattached fraction of airborne RaA. 

HEALTH PHYS. 17(3): 423-427, 09/--/69. 

ABSTRACT: The significance of the unattached fraction, f. of airborne RaA m 
assessing the hazard from the inhalation of radon and its daughter products is discussed, 
and reference made to some of the measurements of f which various workers have carried out 
in mine atmospheres. A method developed bv the authors fw measuring f is described, Th» 
method entails sampling the atr.»5Phere through a pair of filters positioned side by side. 
One of the filters is preceded by a diffusion battery designed to remove most of the 
unattached daughters but hardly any of t'*» attached ones, and the difference in activities 
collected on the filters is therefore a measure of the unattached daughter product 
concentration. Since f if concerned only with RaA atoms it is necessary to distinguish the 
gamma-activitr on the filters due to Raft froih that d -e to RaC" this distinction was made 
by a alpha-spectrometrv. Furthermore, because of the short half-life of RaA n the one 
hand, and the desire for hish sensitivity on the other, it was found necessary to measure 
the activity while sampling was in progress. The method has been used to measure f in the 
open air and it has been found that only when both f and RaA concentration are unusually 
low does the sensitivity become inadequate for a meaningful determination of f. 

103. Duncan, D. L , BcYsen, 0. A., Grossman. L , Franz. G. A.. Ill* U.S. Environmental 
Protection Agency. Office of Radiation Programs. U s Vegas Facility. Las Vegas NV 
891J4. 
Outdoor radon study (1974-1975): An evaluation of ambient radon-222 concentrations in 
Grand Junction, Colorado. Technical Note ORP/LV-77-I 24 P., 04/-/77. 

104. Durkin. J. 
An electronic instrument for radon daughter dosimetry. Report of Investigations 8255 22 P. 
, 1977. 

ABSTRACT: Owing to the daily exposures of uraniu* lining personnel to Rn-222 
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daughters, a device is needed that will continually noniior individual exposure, Such a 
device has been built and tested by the Bureau of Mines and is known as a radon daughter 
dosiieter. This is an electronic instrument using a solid-state detector and circuitry. 
The concept of the instrument. which is a personal device worn throughout the working 
shift* is to evaluate an individual's emulative exposure to airborne radon progeny, 
expressed :n units of working level hours. Since the instrument is in close proximity to 
the miner and measures continual exposure, it avoids the errors caused bv the present 
tecnniiue of spot checking of the environment and provides a more accurate account of total 
cumulative exposure. 

105. Durkin. J. 
Electronic radon daughter dosimetry. 
HEALTH PHYS. 37: 757-764, 12/--/79. 

ABSTRACT: Daily exposure of uranium ninins personnel to Rn-222 daughters has 
established the need for a device that will continually monitor an individual's exposure. 
Such a device has been built and tested with promising results. The device is an 
electronic dosimeter using both a solid-state detector and circuitry, and is a personal 
instrument worn throughout the working shift. Since the instrument is in close proximity 
to the niner and measures continually, it provides a more accurate account of total 
cumulative exposure and avoids the errors caused by the present technique of spot checkin3 
the environment. The system permits the irieasurement of cumulative exposures to airborne 
radon progeny, expressed in units of Working Level Hours (WLH1. 

106. E1lett, U. H. 
Exposure to radon daughters and the incidence of lung cancer. 
TRANS. AM. NUCL. SOC. 27: 148-149, 1977. 

ABSTRACT: Inhalation of radon 222 daughters by miners is known to increase the risk 
of lunr caacer. Recent data suggest there may be a linear relationship between exposure to 
radon 222 daughters and risk. Further study of the effects of age, sex and smoking habits 
is needed to further quantify the risks. It is suggested that ihe risks of lung cancer tor 
the working force as a whole extends to levels below current occupational guidelines. 

107. Ellett, H. H. 
Recent advances in understanding the risk due to the inhalation of radon daughters. 
HASL-325 
RADON WORKSHOP: FEBRUARY 1977. 102-104, 07/-/77. 

ABSTRACT: Reviews recent advancements in assessing the risks due to absolute and 
relative risks to U.S. uranium niners are revised upwards by a factor of two. to 2 excess 
iung cancers per E6 organ rem per year at risk, and to a doubling dose of about 40 CHLM 
respectively. 

103. Evans. R. D. 
Engineers' guide to the elementary behavior of radon daughters 
HEALTH PHYS. 17(21: 229-252, 08/--/69. 

109. Fitzgerald. J. E., Jr.. Guimond. R. J.. Shaw. R. A.. U.S. Environmental Protection Agency. 
Office of Radiation Programs. Washington, D.C. 20460. 
A preliminary evaluation of the control of indoor radon daughter levels in new structures. 
EPA-520/4-76-018 62 P.. 11/-/76. 

ABSTRACT: As part of its assessment of the radiological impact of the phosphate 
industry in Florida, the U.S. Environmental Protection Asency has surveyed residences built 
atop uraniferous reclaimed phosphate mining land. These surveys have shown elevated radon 
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daughter levels to exist in structures built on this land. In order to allow safer use of 
this land for residential construction* various state-of-the-Art radon daughter control 
technologies »jre evaluated by the Agency. These included forced ventilation, polymeric 
sealants, excavation* crawl space construction, and improved slab quality. From a 
cost-effectiveness evaluation, crawl space construction was determined to best satisfY the 
cri teria for "optimal" radon daughter control. These criteria u-re established as: (1) 
operative passivity ( i . e . . requiring no occupant responsibilities-)? Q\ uniform 
effectiveness over the lifetime of a structure; (3) a one-time reasonable cost upon 
implementation; and (4) not bavins a significant iipact on the lives of future occupants. 

110. Fleischer. R. L . Mogro-Campero. A. 

Techniques and principles for napping of intesrated radon carnation within the earth. 
7SCRD093 6 P.. 0 5 / - / 7 8 . 

ABSTRACT: Radon signals fro* within the ground are employed in locating subsurface 
uranium deposits and are of potential use in sensing Upending earthquakes. Several 
factors are documented that affect the reproducibility and re l iab i l i ty of radon 
measurements* and new methods are described that make current state-of-the-art radon 
ireasurements much improved over those obtainable in the past. 

l i t . Fleischer, R. L.. Mogro-Campero. A. 

Happing of integrated radon emanation for detection of Jong-distance migration of gases 
within the earth* Techniques and principles. 

J. GEOPHVS. RES. 83(B7): 3539-3549. 07/10/73. 

ABSTRACT: Integrated measurements of radon concentrations within the ground M close 
to the surface are being used extensively in searches for pr*»onitorv signals from 
earthquakes and in exploration for uranium. We present a description of the different 
components of the radon signals that may be present and describe methods for separating 
them. We also show quantitatively what signals the different radon-in^irating devices are 
sensitive to* how readinss in a siven geometry can be related to actuai concentrations tn 
the soil sas under conditions of diffusions! equilibrium, and what some of the effects of 
water in soil are. This knowledge allows the magnitude of the local contributions to be 
measuredi so that distant signals can be recognized as departures from these values. The 
importancee of recognizing where upward transport of soil aas occurs is emphasized. 

112. Fleischer. R. L.. iVjgro-Camperoi A. 

Radon enhancements in the earth: Evidence for intermittent upflows? 

GEOPHYS. RES. LETT. 6(5): 361-364. 0 5 / - / 7 9 . 

ABSTRACT: fin-222 neasurements at 60cm in the earth show background patterns that can 
be remarkably reproduciole over time. At a site in Hew Mexico the readings taken at 
monthly intervalr over a 13-month period for a set of 55 positions give different, but 
nearly constant monthly readings at each position, the typical standard deviation being 
222. Superimposed on that stable pattern have been three periods during which spatially 
grouped radon readings increased by a factor of 2 or more over their normal values. The 
simplest description of the source of the increases is sporadic puffs of upflowing ?as. 
originating at as Yet unknown depths. Alternative, less l ikely interpretations are 
considered. Separate periods of mostly low radon values may be due to downfloa of gas. 

113. Franklin. J . C . Kever. T. 0 . , Bates. R. C. 

Barriers for radon in uranium mines. 23 Pv 

ABSTRACT: Water-based epoxr sealants were examined during a 2-vear period to 
determine their effectiveness as barriers to radon release in uranium nines. Radon 
emanation rates from uranium ore samples were monitored for extended periods in the 
laboratory before and after sealant application. Reduction of radon flux due to the 
coating of laboratory samples was approximately 80 percent. Test chambers in a dormant 
uranium mine were monitored to determine both short and long-term barrier effectiveness. 
These f ie ld studies of the sealaitts indicated radon flux reductions exceeding 50 percent 
relatively soon after amplication and nearly 75 percent about 1 year later. An unexpected 
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complication to early monitoring in the fori of a large radon emanation increasei believed 
due to added uisture> is discussed. 

114. Franklin. J . C . Nuzum. L. T.. H i l l . A. L. 

Polymeric materials for seating radon gas into the walls of uranium nines. Report of 
Investigations 8036 26 p. 

ABSTRACT: The Bureau of nines conducted extensive laboratory and Hiited field tests 
to determine whether a polymeric material could effectively reduce the emanation rate of 
radon gas from uranium ore. In the laboratory 46 different single-coat materials and 14 
tuo-coat applications uere tested. The laboratory tests showed that UP to 100 percent of 
the radon sas could be sealed into the rock. Materials tested in the laboratory were 
polyesters, furan resins* epoxies* latices. and totally inorganic coatings. From the 
laboratory work six different materials were selected for field testing The first test 
was single-coat materials in five static chambers; k\\t second test used tuo-coat 
applications in an open chamber. Both tests were conducted in the Dakota mine at Grants. 
N. Hex. During the second test, the emanation rate of radon sas was reduced UP to 62 
percent. 

115. Frenlin, J. H., Abu-Jarad, F, 
Alpha-emitters in the environment I: Natural sources. 
NUCL. INSTRUrt. METHODS 173: 197-200. 1980. 

ABSTRACT: The tain natural alpha-activities arise from uranium and thorium. There 
are 4 < E9 t of uranium in the ocean with perhaps E12 t in the top kiloieter of the earth's 
solid crust, uith rather more thoriu*. These activities are not dangerous unless inhaled 
or ingested and the main risk to humans arises from the inhalation of Rn-222. a decay 
product of U-23S. Radon concentrations have been measured in a nu&ber of ordinary rooms 
and the emission of radium from the walls has been seasured by means of Kodak LR1I5 plastic 
detectors. Rate of chans<.> of air in each roc* has also been measured bv releasing a ssall 
quantity of freon and observing the rate of loss. Figures suggest that in Britain radon 
may be responsible for around 100 deaths per year from lung cancer. 

114. Fu-Chia. V.. Chia-iong, T. 
The <jeneral formula for the measurement of concentrations of radon and thoron daughters lr. 
air. 

HEALTH PHYS. 34(5): 501-503, 0 5 / - / 7 S . 

117. Oaunaae, R. B., Kerr, G. D., Huskev, L. 
Exploratory study of the use of TSEE dosimeters in radon iwnit&rins. 

HEALTH PHYS. 30(1}: 145-143, 01/-/76. 

US. Ge:sert E. L. 

Operating experience with equipment for continuous tfonitoring of rad r̂ 3*s and radon 
daughters. 

119. Geiser* E. L 

Ftadon fita badge. 

HEALTH PHYS. 13(4): 407-411, 0 4 / - / 6 7 . 

120. Oeorse, A., Breslin. A. J. 
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Depostion of radon daushttrs in humans exposed to uranium tine aimospheres. 
HEALTH PHYS. 17(1): 115-124. 07/--/69. 

ABSTRACT: Uranium mine and laboratory experiments are Ascribed for the destination 
of total respiratory deposition of radon daugHers together with the effect of particle 
size, tidal volute, respiratory *muencY» na,;al deposition and growth of radon daughter 
particle 5i?e. Total respiratory deposition ,if radon daughters Measured in nutans exposed 
in uranium tines H S found to rang* frot 23Z ta 4EZ. Frot the m?ie and laboratory 
eweri&entsi both particle size and tidal volute were found to influence deposition* 
fractional deposition increasing with decreasing particle size and increasing tidal 
volute. Particle size differed with location within a tine. Ho dependence of deposition 
on respiratory frequency or tinute volute was discerned. In laboratory experimentsi nasal 
deposition of attached and unattached radon daughters was fwnt! to be 2% and til, 
respectively and evidence was developed indicating the rapid srowth of radon daughter 
particles in the respiratory tract. 

121. George- A. C. 

Radon and radon daughter field measurements. 9 p. 
ABSTRACT: Practical tethods for measuring the concentration of radon and radon 

daughters in air are review^ and procedures and instruments are recommended for reliable 
field iwasu re tents, 

122. George. A. u . Breslin. A. J. 
The distribution of atbient radcn and rado>i daughters in residential buildings in the New 
Jersey-New York area. 36 P. 

123. George. A. C. 
Scintillation flasks for the determination of low level concentrations of radon. 
PROCEEDINGS OF NINTH MIDYEAR HEALTH PHYSICS SYWOSIUTI. 

ABSTRACT: Siiple, inexpensive scintillation flasks that are easier to maintain an'j 
are tore sensitive than flasks of convention?' design have been fabricated for teisurira 
environment*) radon. The flasks which are of two sizes 13 inches and 4 and a half inches 
diameter), are constructed of plastic tubins and sheet, fitted with brass valves for 
flow-through sample collection, and are coated internally with silver-activated zinc 
sulfide phosphor. When counting background becomes excessive through use. the flasks can 
be easily cleaned and resphosphared. The sensitivities of the stall and large radon flasks 
for 1 PCi/liter of Rn-222 are about 0.7 cpt and 2 era. respectively, when counted after the 
daughters have grown into eiuilbriut with the radon, compared to about 0.5 CPt for standard 
Lucas flasks. 

124. Georse. A. C . Hinchliffe. L. 
Measurements of uncotbined radon daughters in uranium mines. 
HEALTH PHYS. 2 3 W - 791-803. 1 2 - / 7 2 . 

ABSTRACT: Uncotfeined fractions of radon daughters were measured in several locations 
in each of 6 uranium tines with a diffusion- type sampler adapted frot an instrument 
developed by Kercer. Simultaneous measurements were obtained of radon gas concentration, 
working level and particle concentration. Expressed in accordance with the ICRP 
definition of uncombined fraction, f. values obtained ragged frot 0.002 to 0.12 with more 
than half being less than 0.03. The higher fractions were found in fresh ventilating air 
uncontatinated by diesel engines or dustv operations. An inverse relationship was noted 
between uncotbined fraction and particle concentration, which ranged frot 3 E3/cubic 
centimeter near ventilation inlets to more than E7/cubic centimeter in tain haulaseuafs 
and working stores. 
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125. George. A. C , Breslin, A. J. ted.) 
A passive environmental radon monitor, HASL-325 
RADON WORKSHOP. FEBRUARY 1977. 25-30, 077-/77. 

126. Geseli, T. F. 
Occupational radiation exposure due to Rn 222 in natural gas and natural gas products. 

HEALTH PHYS. 29(5): 681-687, 1 1 / - / 7 5 . 

ABSTRACT: The potential hazard of occupational exposure to the radiations of Rn-222 
and i ts daughters in the natural gas industry is examined. The results of a study of 
Rn-222 concentrations and external radiation fislds in nine geographical1Y diverse natural 
gas processing plants are given, and the results are interpreted in tens of occupational 
-exposure. I t is concluded that while both internal and external exposures to the radiation 
from Rn-222 and i ts short-!iv<J daughters do occuri the magnitudes of the exposures are not 
serious. The potential problem of exposure during maintenance operations to Ions-lived 
Rn-222 daughters which may build UP on the interior surfaces of gas processing eiuipwnt is 
recognized but not resolved. 

127. Gogolak, C. V.. Beck, H. L. 
Diurnal variations of radon daughter concentrations in the lower atmosphere. 33 P. 

ABSTRACT: A series of experiments has been performed in which the Rn-222 decay 
products Po-218. Pb-214. and Bi -2U have been measured simultaneously at 1. 10 and 2D 
meters above the ground to study the diurnal changes in the vertical concentration 
profiles, and the extent to which these changes depend on diurnal changes in radon 
exhalation rate and vertical turbulent diffusivity. The Bi-214/Pb-214 activity ratio was 
used to indicate the state of eiui l ibriun between radon and i ts daughters. These •lata were 
compared to numerical solutions of the one-dimensional diffusion equation* which were 
obtained for various time-deFendent diffusivity profiles and exhalation rates. 

128. Goldsmith, W. A.. Haywood, F. F.» Leggett, R. W. > Union Carbide Corporation. 

Transport of radon which diffuses from uranium mill tai l ings. 20 p. 

ABSTRACT: Considerable attention ha? been given recently to potential hazards of 
radon exposure in the vicinity of large piles of uranium mine tail ings. A procedure has 
been developed, using the results of numerous independent investigations, to describe the 
average annual behavior of radon which escapes from a tailings pi le . The radon source tern 
is developed from known profiles of Ra-226 in soil ar.d is treated as an area source. 
Dispersio: .;- calculated by usin? local meteorological data in a Gaussian diffusion model. 
A comparison has been made between calculated annual average radon concentrations 
attributable to the tailings pile in Salt Lake City, Utah, and a series of radon 
measurements which were made in the vicinity of the tailings pile over a period of one 
year. Population exposures were estimated and compared to those associated with exposure 
to background concentration Rn-222. I t was found that annual exposures to Rn-222 of 
tail ings pile origin are about 107. of those associated with background Rn-222 in the Salt 
Lake City metropolitan area. 

129. Goodwin, A. 

Problems and techniques for removal of radon and radon-daughter products from mine 
atmospheres. 

NUCL. SAF. 14(6): 643-650, U / - / 7 3 . 

ABSTRACT: Ventilation with fresh a i r has been, and will continue to be* the primary 
solution for controlling radon and radon-daughter activity in mines. However, procedures 
t'i make the ventilation process more effective and to reduce contamination have been 
proposed, such as sealing off of old workings, the use of coatings to reduce radon inflow, 
and mine pressurization. Air-cleaning techniques have proved successful in certain 
applications. For example, radon daughters can be removed by mechanical f i l ter ing and by 
electrostatic precipitation methods* both of which remove condensation nuclei to which 
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radon daughters become attached. The radon M S tl.at puses through continues to decay, 
out, in the absence of condensation nuclei, the daughters have large diffusion lengths and 
are trapped on the walls of air courses, thus inhibiting their growth. Radon gas r.as been 
Mccessfully removed, fro* air, although there are no known reports of this having been done 
in operating nines* It has been captured on activated charcoal and silica gel and 
chemically revived BY reacting with a halogen fluoride and a Betel fluoride. 

130. GotchY. ft. L.. Schiager. K. J. 
Bioassay methods for estimating current exposures to short-lived radon prosenv. 
HEALTH PHVS. 17(2): 199-218. 08r-/',9. 

ABSTRACT: Concentrations of Pb-210 (RaDI and Po-210 (RaF) mere measured in the urine, 
feces, blood, hair and whiskers from 25 people associated with the operation of a uranium 
•ine near Golden. Colorado. The concentrations of Pb-210 and Po-210 in blood, hair and 
uhiskers Here found to be correlated with occupational exposure by power function 
relationships. Blood levels nf Pb-210 provide reasonable estimates of »ean exposure levels 
in the range of 1-5 working levels (plus or einus 50% or better) for samples pooled for one 
or wore calendar quarters. Pb-210 or Po-210 activitY in either hair or whiskers can be 
used to estimate wean exposure levels in the range of 0.4-7 working levels (plus or minus 
50*4 or better) when samples are pooled for one or wore calendar quarters A decreasing 
exponential relationship was found between the Pb-210 to Po-210 activitY ratios in the 
blood of working uranium Winers and veaps of underground experience. Possible applications 
of these relationships to exposure monitoring and some of the inherent problems associated 
with bioassays for uranium liners are discussed. 

131. Groer, P. G., Keefe. D. J . , McDowell. U. P., Selaan, R. F. 

An instant working level meter with automatic individual daughter readout for uranium 
mines. 

PROCEEDINGS OF THE THIRD INTERNATIONAL CONGRESS OF THE INTERNATIONAL RADIATION PROTECTION 
ASSOCIATION. 950-954 

ABSTRACT: The Instant Uorking Level Meter IIULH) evaluates the Working Level and the 
individual Rn-daushter concentrators in an uranium mine atsosphere withi:. five minutes. 
The- instrument is portable and full? automatic. The UL and the RaA. RaB and RaC 
concentrations ( rC i / l i te r ) are displayed in digital fo*m. Calculation of these quantities 
is performed bY a Pre-programmed CMOS calculator chip usin3 the counts observed in the 
instruments' three channels (RaA. RaB + C. RaC'). The Rn-dajghters are collected on a 
membrane f i l t e r at a flowrate of 12 l iter/min. Alpha-spsctroscopy is performed with a 
silicon surface barrier detector, the beta + gamma-counts are detected with a plastic 
scinti l lator plus PH tube. No assumptions about Rn-daushter equilibrium are made. Only 
constancy of the Rn-daushter concentrations during the time of sampling (2 minutes) is 
assumed. The unit is entirely solid state Bith exception of the photosul t e l l e r . The 
range of the instrument is 0.01 - 100 UL. 

132. Groer, P. G. 

The accuracy and precision of the Kusnst2 method for the determination of the wtrkins level 
in uranium mines. 

HEALTH f W S . 2311): 106-109, 07/-/72. 

133. Groer. P. G.. Evans, R.. Gordon, D. A. 

An instant working level meter for uranium mines. 

HEALTH FWS. 24: 387-395, 04/--/73. 

ABSTRACT: The Instant Uorking Level Meter (IUU1I evaluates the Uorking Level (UL, in 
a uranium mine atmosphere within 4 min. Two minutes are needed to measure the background 
mostlY due to ambient samma radiation and two minutes are spent to measure background plus 
UL. It has two alpha channels (RaA and R a C ) and one beta + gamma channel (RaB and RaCI. 
The counts in the different channels are multiplied electronically by calculated weighting 
coefficients and combined to give the ML. No assumptions about Rn daughter equilibrium are 
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made. Only constancy of the radon daughter concentrations in the atmosphere durins the 
time of stapling is assumed. So far a total of 5 instruments of the type described in this 
report have been built and used in uranium nines. 

134. Grot, R. A., Clark, R. E. 
Air leakage characteristics and weatherization techniques for low incone housing. 28 p. 

ABSTRACT: Data are presented on the a i r inf i l t rat ion characteristics of approximately 
250 dwellings occupied by low-income households in 14 cities in the United States, The 
dwellings are located in a l l major climatic zones of the country. The a i r leakage 
characteristics of these buildings were assessed usins two types of measurements: t ) 
Uacer-ns decay technique using air sample baas, which was developed fay the National 
Bureau of Standards; and 2) fan depressurization test. The actual air inf i l t rat ion rates 
of this group of dwellings are presented. The induced air exchange rates obtained f ro i fan 
depressurizatioft tests are also giveni and i t is show that l i t t l e correlation exists 
between the latter results and the actual air inf i l t rat ion rates in these dwellings 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 tishtenins 
buildings is discussed. PreliiinarY estimates are presented of the reduction in induced 
air leakage that nay be achieved by applying building ueatherization techniques. 

135. Guggenheim, S. F.> George, A. C> Graveson, R. T.> Breslini A. J. 

A time-integrating environmental radon daughter monitor. 

HEALTH PHYS. 36: 452-455, 0 3 / - / 7 9 . 

136. Guimond, R. J . . Jr . , E l le t t , U. H., Fitzgerald, J . E.> Hindham, S. T., Cuny, P. A. 

Indoor radiation exposure due to radium-226 in Florida phosphate lands. EPA 520/4-78-013 
108 p., 0 2 / - / 7 9 . 

137. Hasi, N., Savani, N. K., Rao, P. V.. Wethington, J . A.. Jr. 

Statistical analysis of radon fhx measurements. 20 p. 

ABSTRACT: The radon energing front the Earth's surface can be used in classifying 
lands for development purposes, Radon flux is subject to diurual variation, weather 
variables, seasonal fluctuations etc. We have attempted to appfy statistical sampling 
procedures to this problem in order to ascertain the proper spacing of sampling points, the 
number of samples taken at each point per day. and the number of days in the sampling 
program in order to establish the exhalation rate at a knomii precision. Results from snail 
and larse pieces of land showed that reliable radon flux measurements require extensive 
sampling programs. For best results, preliminary measurements should be made, and the 
results should be used to determine the number of determinations needed in the final 
protocol. 

139. Hamilton, E. I. 

The relative radioactivity of building materials. 

AM. IND. HYG. ASSOC. J. 32(6): 398-403, 06/-/71. 

ABSTRACT: The concentrations of potassium, thorium, uranium, and radium, and the 
relative radioactivity of building materials used in the United Kingdom are described. 
Particular attention is paid to a potential building building material* namely, calcined 
gypsum prepared as a byproduct in the Manufacture of superphosphate fertilizers. The 
radioactivity of this gypsum material varies according to its origin but is likely to 
exceed that of any other building material. The wide scale use of this material has to be 
considered in relation to both somatic and genetic radiation dose of individuals and large 
populations. 
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139. H & M M i H. G.. Ernst. K. GaskilU J. R.. Newton. J. C , Horns, C. J. 
Developiient and evaluation of radon sealants for uraniui nines. UCRL-51818 67 p.. 
05/21/75. 

140. Hammon. H. G., Ernst, K.> Newton, J. C. 
Noble sis permeability of polymer filns and coatings. 
J. APPL. PQLYM. SCI. 21: 1989-1997, 1977. 

ABSTRACT! Permeabilities of noble gases, particularly arson, krypton, and xenon, were 
measured through a mimbar of polymer fills and coatings. Extrapolation of the log of the 
permeation coefficient versus the square of the gas molecular diameter was used to estimate 
radon permeability, An equation has been developed that can predict permeability to these 
noble gases as a function of the base polymer structure of the coating. 

141. Haque, A. K. M. H., Collinson, A. J. L, 
Radiation dose to trie respiratory system due to radon and its daughter products. 
HEALTH PHYS. 13(5): 431-443, 05/-/67. 

ABSTRACT: Annual radiation doses to the respiratory system due to radon and its 
daughter products have been calculated in various working environments of London (U.K.) 
area. The method is based on an accurate calculation of the energy dissipation of 
sauna-particles in the vulnerable tissue, 1 micro-diameter and located at various depths, 
from the daughter activity calculated from the deposition rates and the mucous movement. 
The proportions of the daughter activity present as free ions in air have been calculated 
from extensive published theoretical and experimental results. As a more realistic lung 
model, an extensive set of experimental data on aerosols and a more precise calculation of 
energy dissipation among other, have been employed in the present study, it is claimed 
that the aethod is an advance on those Altshuler, Nelson and Kuscner and Jacobi. The 
radiation dose is found to be highest in segmental bronchi: in comparison uith Altsjuler et 
al.'s results, the present calculation almost always i 

142. HarleYi N. H., Pastarnack, B. S. 
The rapid estimation of radon daughter workins levels uhen daughter equilibrium is unknoun. 
HEALTH PHYS. 17(1): 109-114, 07/-/69. 

ABSTRACT: A technique is described based on a method of Kusnetz which allous radon 
daughter working levels to be determined after a single alpha count on a filtered air 
sample. The value of dis/min/1. determined from this count is divided by a universal 
factor which covers any daughter equilibrium situation, to obtain the value for working 
levels. The error associated uith the working level value for this universal factor is 
less than plus or minus 257.. Factors also derived for specific ranges of daughter 
equilibrium to be used when the ranges are known. Whenever information is available 
concerning the range of equilibrium* the error associated uith this calculation is reduced. 
For example, when the range of RaA/RaB/RaC is known to be between 1/1/1 and l/O.L/0,01, 
the error associated uith the working level is no more than Plus or minus 13X. The 
technique requires one alpha count at 30 or 40 min after the end of sampling and for this 
reason is a highly practical technique for use in uranium mine monitoring. A table of 
values is included which allows the calculation of these factors for any desired 
concentration or range of concentrations. 

143. Harley, N. H., Pasternack* B, S. 
Alpha absorption measurements applied to lung dose from radon daughters. 
HEALTH PHYS. 23(6): 771-782, 12/-/72. 

ABSTRACT: In this study, experimental alpha attentuation data were obtained in 
polycarbonate which is essentially identical to tissue in ionization potential. Alpha 
transmission and stopping power data were developed for the radon daughters RaA (Po-218) 
and RaC (Po-214). The experimental stopping power measurements were found to be in 
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agreement with values calculated usitw the Btthe-Bloch equation and the Brass addivitv 
rule. Experimental alpha attenuation data were also obtained in a gas uith the s u e 
composition as ICRP tisse and were found to be identical with that in the solid tissue 
equivalent. The experimental data were then applied to determine the spatial distribution 
of alpha dose in bronchial epithelium when the alpha activity is present in mucus on the 
tracheobronchial surfaces. Dose curve* as a function of depth into the bronchial 
epithelium were developed for two different air war diameters. The alpha dose fron 
exposure to radon daughters was computed using the bronchial activities derived by 
Altshuler for a radon concentration of 100 PCI/1. The new dosimetry Yields results which 
are tower QY about 20%. An independent dose calculation for radon daughters was also 
performed incorporating more recent data on mine atmospheres. The alpha dose to bronchial 
epithelium using these factors was found to be considerably lower than any calculated 
previously for the same radon concentration, A few alpha doses were also computed in terms 
of working level units. It was shown that the alpha dose for one working level tav U 
widely different depending upon the ratios of the radon daughters. 

144. Harstad, J." B., Decker, H. H., Buchanan. L. M., Filler, M. E. 
Air filtration of submicron virus aerosols. 
AM. J. PUBLIC HEALTH 57(12): 2186-2193, 12/-/67. 

ABSTRACT: A new method is described for evaluating air filters with submicron 
aerosols. The method is unique in that the aerosols were viablei highly concentratedi and 
composed entirely of submicron particles (0.1 microti NMDl. Tests were conducted to compare 
air filters in removing submicron Tl phase aerosols and bacterial aerosols of Bacillus 
subtilis var niger spores (1 micron NMD). Architects, engineers, and research 
investigators concerned uith control of submicron paticles might consider filtration rather 
than other methods of air cleaning. 

145. Hausknecht, D. F., Rosozen. M. B. 
Residential radon levels from solar rockbed storage! Technical note 382-00-11. 
SAM-068-80-545 15 P., 01/11/80. 

14c. HaYuood. F. F.> Hawthorne, A. R.. Stone, D, R., Union Carbide Corporation-, 
Measurements of airborne pollutant concentrations inside a well insulated structure uith 
low ventilation rate. 3 P. 

147. Havucod, L. R. 
Selection of radon level corresponding to 0.02 iL. 11 P.* 02/--/80. 

148. Healv, J. W.. Rodsers, J. C. 
A preliminary study of radium-contaminateed soils. Informal Report LA-7391-MS 45 p.. 
1 0 / - / 7 8 . 

ABSTRACT: A preliminary study was made of the potential radiation exposures to people 
from radium contamination in the soil in order in provide guidance on limits to be applied 
in decontaminating land. Pathways included were inhalation of radium froa resuspension, 
ingestion of radium uith foods; external gamma radiation from radium daughters; inhalation 
of radon and daughter, both in the open air and in houses! and the intake of Pb-210 and 
Po-210 from both inhalation and ingestion. The depth of the contaminated laYer is of 
importance for external exposure and especially for radon emanation. The most limiting 
pathway was found to be emanation of the radon into buildings with limiting values 
comparable to those found naturally in many areas. 

149. Hess, C. T. 7 Cas^arius, R. E., Norton, S. A.. Brutsaert, W. F. 

The investigation of natural levels of Rn-222 in ground-water in Maine for assessment of 
related health effects. 29 p. 
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150. Hill, A. 
Rapid measurement of radon, decay products* unattached fractions, and working level values 
of nine atmospheres. 
HEALTH PHYS. 28: 472-478, 04/-/75. 

151. Hofmann, W.» Steinhausler. F., Pohl, E. 
Age-, sex- and weight-dependent dose distribution patterns for human organs and tissues due 
to inhalation of natural radioactive nuclides. 27 p. 

ABSTRACT: Dose calculations due to inhaled radionuclides are in general based on the 
lung node! of the ICRP Task Group on Lung Dynamics. All its parameters, including the 
pathways to other organs, refer to an adult "Reference Man", also averaging for the 
differences in sex and uieisht. At first we developed age-dependent lung models using 
feasible theoretical considerations as veil as the experimental data given on the postnatal 
growth of the respiratory tract. On the base of these age-dependent models «e then 
calculated the regional particle deposition for the short-lived decav products of Rn-222 
and Rn-220, as these radionuclides 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 responsible for the respirator* minute volme. The nean doses 
for the various parts of the respiratory tract as well as for other organs show a maximus 
at the age of about six rears. These are more than twice as high as uith an adult for most 
of the organs and tissues. We found the half-line of the clearance time for the absorption 
of decay products from the alveolar region into the blood to be about one hour in 
contradiction to ttn ICRP retention model. Furthenore it was shown that for precise dose 
calculations the differences in sex and weight have to be considered as uell. 

152. Holiday, D. A., Rushing* 0. E., Coleman, ft. D., F., Hoolrich P., Kusnetz, H. L., Bale, W. 
F.T U.S. Department of Health, Education, and Welfare. Public Health Service. Bureau of 
State Services. Division of Special Health Services. Occupational Health Program. 
Control of radon and daughters in uranium mines and calculations on biologic effects. PHS 
Publ. 494 77 P., 1957. 

153. Holleman, D. F., Martz, D. E., Schiager, K. J. 
Total respiratory deposition of radon daughters from inhalation of uranium mine 
atmospheres. 
HEALTH PHYS. 17: 137-192, 1969. 

154. Hcllouell. C. D., Budnitz, R. J., Case, G. 0., Traynor, G. W. 
Combustion-generated indoor air pollution: ]. Field measurements 8/75 - 10/75. LBL-4416 
23 P., 01/-/76. 

ABSTRACT: The indoor air quality of six hones uith gas and electric cooking and gas 
heating appliances uas characterized to determine <he level of gaseous and aerosol air 
pollutants from typical indoor combustion sources. Field measurements of S02. N0/N02, 03, 
and CO were determined on a continuous basis. Total aerosol samples were collected on 
filter media for laboratory a absis by X-ray fluorescence and ESCA techniques for the 
determination of aerosol elemental composition and ionic species such as S04, ,MQ3, and NH4. 
Results of the study indicate that levels of gaseous and respirable aerosol air pollutants 
in the indooi environment do frequently exceed those levels commonly found in the outdoor 
urban air. Such findings aav have a large impact on the future design of epidemiological 
studies, ?n energy conservation strategies for buildings, and on the need for more 
stringent control of air pollution from indoor combustion sources. 

155. Hollowell, C. D., Berk, J. V., Boegel, M. L., Ingersoll, J. G., Krinkel, D. L., Nazaroff, 
U. W. 
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Radon in energy-efficient residences. LBL-9560 11 P. , 03/—/80. 

ABSTRACT: Radon concentrations Mere measured in seventeen houses incorporating 
ener9Y-saving features* tost of which included specific measures to achieve low 
inf i l t rat ion rates. Ventilation rates in these houses ranged fro* 0,04 to 1.05 air chanses 
per hour; corresponding radon concentrations were found to range fro* 0.6 to 22 nCi/cubic 
meter. In generali radon concentration tended to increase with decreases ventilation 
rate. In one house, a techanical ventilation system with an a i r - to-a i r heat exchanger uas 
installed, and radon concentrations were measured at selected ventilation rates. The 
correlation between increasing ventilation and decreasing radon concentration uas 
confirmed, and i t appears that lechanical ventilation with air - to-air heat exchangers can 
•aintain air quality as well as energy efficiency in many houses where air quality problems 
exist. 

156. Holmgren* R. H. 

Working levels of radon daughters in air determined froi measurements of RaB + RaC. 
HEALTH PHYS. 27: 141-145, 07/-/74. 

157. Holoway, C. F.> Turner, J. E., Johnson. M. L., LoebI> A. S. 
Bibliography on the dosimetry of radon and radon daughters. ORNL-5284 76 p., 02/—/78. 

ABSTRACT: This selection of 479 papers through 1976, dealing with various aspects of 
the dosinetry of radon and its daughters* should be of interest to those concerned with 
assessing literature on problems associated uith uranium nines and nil 1 tailings and with 
developient of criteria for the disposition of sites contaminated with uranium and its 
decay products. Major topics include background levels* epidemiology* food chains, 
ingestion, inhalation, metabolic models, pathology, synergistic effects of sinoking plus 
inhalation of radon daughters, soil, standards, uranium mine and mill tailings and 
contamination of water. The principal elements covered are uranium, radium, radoni 
polonium, lead and bismuth. The papers are classified into 35 categories, ranging 
alphabetically from AIR to WORKING LEVEL* each containing UP to seven subcategories. 

158. Holub, R. F.. Droullard, R. F., Ho, U. L , Hopke, P. K., Parsley, R.* Stufcel. J. J. 
The reduction of airborne radon daughter concentration by pJateout on an air nixing fan. 
HEALTH PHYS. 36(4): 497-504, 0 4 / W 7 9 . 

ABSTRACT: A series of experiments have been made in the U.S. Bureau of Mines Radon 
Test Chamber to study the effects of condensation nuclei, humidity and turbulence on the 
rapid deposition or plateout of radon daughter activity on the chamber walls. Under low 
humidity conditions the presence of a snail fan reduced the working level by 412. The 
activity was not deposited on the walls by the turbulent flow from the fan but actually 
becate attached to the fan blades. High relative humidity (greater than 80X) totally 
inhibited this observed effect. A detailed mechanism for transport of the daughter species 
seems to be the critical factor in interpreting the experimental results. 

159. Hursh, J. B., Horken, D. A,, Davis, T. P., Lovaas, A. 
The fate of radon ingested by nan. 
HEALTH PHYS. 1 H 6 ) : 465-476, 06/--/65. 

ABSTRACT: Four experiments were performed in which two subjects on two occasions 
drank approximately 1 microcytic radon plus daughters in LOO 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-4 microcubic/millimeter for 
occupational exposure. This is based on the stomach as the critical organ but doses to the 
lung, kidney and liver are estimated. 

160. Irfan, H., Fagan, A. J. 
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Measurement of radon daughters in air using gamma spectrometry. 
NUa. INSTRUM. METHODS 166: 567-570, 1979. 

ABSTRACT: A method is given to determine relative values of concentrations of radon 
dausl.ters, RaA, RiB and RaCi in the atmosphere b\ measuring the samma activity of RaC 
collected on a filter through which air is saMled for a short time. The method is based 
on regression analysis of integrated count? observed in several time intervals of a feu 
minutes duration. A method of calibration enabling a determination of absolute values of 
concentrations of radon daughters is also proposed. 

161. Jacobi, U. 
The dose to the human respiratory tract by inhalation of short-lived Rn222- and Rn220-decay 
products. 
HEALTH PHYS. 10(12): 1163-1174, 12/--/61. 

ABSTRACT: The deposition of Rn daughters in the different regions of the human 
respiratory tract is derived from the particle size of their carrier aerosol in ordinary, 
unfiltered air. The resulting mean distribution of the radioactivity in the respiratory 
tract is estimated, taking into account the clearance from the alveolar tissue and the 
ciliary transport in the bronchial tree. The radiation dose distribution in the epithelium 
of trachea and bronchi is calculated, taking into account the alpha-absorption in the mucus 
layer and the variation of stopping power with alrha-energy. The resulting mean absolute 
«ipha-dose in different regions of the respiratory tract is given for each inhaki nuclide, 
especially at their natural level in atmospheric air and their maximum permissible level. 
The results indicate, that owing to the ciliary transporti a considerable fraction of the 
dose in the upper respiratory tract is due to the transfer of activity from the bronchioli 
and lower bronchi in the mucus stream. The highest dose should he expected in the lower 
bronchi. 

162. Jacobi, W. 
Relations between the inhaled potential alpha-energy of Rn222- and Rn220-daughters and the 
absorbed alpha-energy in the bronchial and pulmonary region. 

HEALTH PHYS. 23(1H 3-11, 07/—112. 

ABSTRACT: On the basis of the new ICRP-lung model the ration of the absorbed 
alpna-energy or integral alpha-dose in the bronchial and pulmonary region to the ir.haled 
potential alpha-energy is estimated as function of the aerosol concentration, the 
vventilation rate and the wall-deposition rate in the working area. With increasing 
aerosol concentration and decreasing ventilation rate this ratio decreases in the bronchial 
region but increases in the pulnonary region. Finally the possible variation of bronchial 
and pulmonary dose per WLH inhaled is discussed with respect to the maximum permissible 
annual intake of Rn- and Tn- daughters. 

163. Jane5. A. C. Strong, J. C. 

A radon daughter monitor for use in mines. 
PROCEEDINGS OF THE THIRD INTERNATIONAL CONGRESS OF THE INTERNATIONAL RADIATION PROTECTION 
ASSOCIATION. 932-938 

ABSTRACT: A self-contained monitor for the measurement of airborne RaA, RaC and the 
working level, ML, in the shortest practicable time and uith a minimum of calculation is 
described. The ratio of two gross alpha-counts gives, directly, the ratio of airborne 
alpha-emitter concentrations* RaC'fRaA, after collection on a filter. This is achieved 
because the contribution from airborne RaB to the measured alpha-activity is minimised by 
choosing short sampling and counting times. The RaA concentration is derived from the 
first alpha-count, daring air sampling. UL is derived from the second alpha-count. No 
background correction is required. Systematic errors in estimated quantities are small, 
Uith a total measuring time of eleven minutes, the limits of detection are approximately 1 
pCi/litre for RaA and 1.0 x E-4 for HL. 
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164. Johnson. J. E.. Olson. H. G.. U.S. Department of Energy. Solar Energy. 

Measurement of 222 Rn build-up in solar heated buildings and calculation of radiation 
doses: Final report of Innovative Research Program Subtask for period December 
1977-September 1978. C00-4546-2 5 p., 1 0 / - / 7 3 . 

165. Johnson. R. H.> Jr . . Bernhardt, 0. E.. Nelsoi., N, S. , Calley, K. U.. Jr. 

Assessment of potential radiological health effects frost radon in natural gas. 
EPA-52O/1-73-O04 60 P. , 1 1 / - / 7 3 . 

ABSTRACT: Natural gas contains varying Mounts of radon-222 which becomes dispersed 
in hohes when natural sas is used in unvested appliances. Radon decays to alpha-emitting 
daughter products which can contribute to lung cancer when inhaled and deposited in the 
respiratory system. For the average use of invented kitchen ranges and space heaters, the 
tracheobronchial dose equivalent to individuals was estimated as 15 and $4 nrem/yr. 
respectively* or 2.73 million person-rems/yr to the United Stites population. A review of 
exposure conditions, lung model parameters* dose conversion fictors. and health effect 
factors indicated this population dose equivalent could potential? lead to 15 deaths a year 
from lung cancer. This represents only 0.03 to 0.08 Percent of normal tuns cancer 
mortality. Since control of radon levels in gas would cost over $100 million for each 
reduction of one health effect, i t was concluded that a requirement for such controls would 
not be cost effective on a national basis. 

166. Jenassen. N. 

Indoor radon concentrations and building materials: Control of airborne radioactivity. 7 
p, 

ABSTRACT* The contribution to the airborne radioactivity from the building materials 
can be predicted by measurements of exhalation rates of samples piact-i in closed 
containers. The effect of sample dimensions, porosity and dead space on the back diffusion 
is discussed, and i t is shown that the back diffusion wil l usually not change the measured 
exhalation rates with more than 10-157.. Efforts on reducing ventilation rates in order to 
save energy can lead to unacceptable high levels of radon and radon daughters in the indoor 
environment. The major radon source for indoor air is often the so i l , from which radon can 
diffuse through 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 
investigation on reducing the radon daughter concentrations by circulation and f i l t ra t ion 
are reported. I t is shown that a passage of the air through an ordinary f i l t e r with a rate 
of 1-2/hour may reduce the radon daughter level with a factor of 5-10. 

167. Jonassen. 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 length and 
radon production rate can be found for a given material by placing a sample of the material 
in a closed vessel and following the build UP of activity at various (constant) pressures. 
The model was tested on an alum shale light weight concrete (with a radiuo content of 
approximately 5 pg/s). The exhalation rate of radon from a series of building materials 
was determined by placing the materials in a closed vessel and measuring the equilbrium 
activity. The model predicts that the exhalation rate derived from the equilibrium 
activit ies wil l be lower than the values corresponding to exhalation into an infinite 
space. The difference depends upon the geometry of samples and vessels used and mr vary 
from feu UP to maybe 20X. The model was finally used to determine the effective diffusion 
coefficient of radon in a concrete wall by measuring the rado concentration in the pore air 
at various depths. 

16S. Jonassen. N. 

Exhalation of radon-222 from building materials. 
ABSTRACT: Many building laterials contan small amounts of the radioactive element 

radium. By decay of radium is formed the radioactive gas radon< which might diffuse out of 
the material and thus be found in the ambient air. When radon and especially its short 
lived daughter products are inhaled radiational damage of the lung tissue might result. 
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Some results of f ie ld measurements of radon levels in apartments and houses are reported 
and i t is shown that summer measurements with high natural ventilation rates are senerallv 
higher than winter measurements. The exhalation of radon from building materials can be 
studied bv placing samples in closed vessels and following the growth of activity in the 
vessels. I t is shown that a ventilation rate of one air exchange per hour wi l l lower the 
theoretical maximum level to 0.8X of the unventilated maximum value. 

169. Jonassen, N. 

On the effect of electric fields on airborne radon-222 daughter products. 4 p. 

170. Jonassen, N.. HaYes> E. I. 
Determination of concentrations of radon-222 daushters in air. Research report 6 35 P.. 
06/14/73. 

ABSTRACT: Amongst the natural radioactive constituents of the earth's atmosphere are 
the inert sas radon-222 and its short-lived daushter products Po-218. Pb-214, Bi-214 and 
Po-214. In the field of atmospheric electricity it is of interest to measure the daughter 
concentrations as they contribute to the general level of ionization in the air and also 
attach to aerosol particles. Since the activity encountered is usually low (approximately 
0.1 pCi/liter) the experimental uncertainties on the determined concentrations H Y be 
large. In recent years the application of alpha spectrometry usins surface barrier 
detectors with alpha energy resolution better than 80 keV FUHM has led to a reduction in 
the uncertainties. In this report a method of reducing still further the uncertainties in 
the determination of the radon 222 daughter concentrations measured by means of a 
conventional alpha Particle spectroscopic technique is described. 

171. Jonassen. H., Haves. E. I. 
The measurement of low concentrations of the short-lived radon-222 daughters in the air by 
alpha spectroscopy. 
HEALTH PHYS. 26(1): 104-110, 01/--/74. 

ABSTRACT? Amongst the natural radioactive constituents of the earths atmosphere are 
the aas Rn-222 and i ts short-lived daughter products Po-218. Pb-214, Bi-214 and Po-214. In 
the f ie ld of atmospheric electricity i t is of interest to measure the daughter 
concentrations as they contribute to the general level of ionization in the air and also 
attach to aerosol particles. Moreover since the exposure of the respiratory system to 
Rn-222 and i ts daughters may constitute a health hazard, recommendations for naximum 
permissible concentrations of Rn-222 and i ts short-lived daushters in air have been 
proposed (ICRP. 1959; NCRP. 1959). The hazard due to Rn-222 i tsel f is much less than that 
due to i ts short-lived daughter products. In this paper a method for measuring the 
concentrations of these short-lived Rn-222 daughters using alpha particle spectroscopy of 
f i l t e r samples is described and compared with previous methods. Preliminary measurements 
in an unventilated basement room are reported. 

172. Jonassen, N.. Haves. E. I. 
Absorption of 5.47 MeV alpha particles by membrane f i l t e r material. 

HEALTH PHYS. 27(3): 313-316, 0 9 / - / 7 4 . 

173. Jonassen. N.. Hayes. E. I . 

A correction when measuring Rn222 daughter concentrations by alpha spectroscopy of f i l t e r 
samples. 

HEALTH PHYS. 27(3): 310-313, 0 9 / - / 7 4 . 

174. Jonassen, N. 
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On the effect of atmospheric pressure variations on the radon-222 concentration in 
unventilated rooms. 
HEALTH PHYS. 29(1)! 216-220, 07/-/75. 

ABSTRACT: A series of approximately 100 determinations of the daughter concentrations 
•as performed in ait unventilated basement room with Mils constructed in part of concrete. 
An average Dorking level IK.) nas found to be 0,07 UL for radon-222 and daughter 
concentrations, Homever. it varied froi 0.04-0.14 H during the 4-ionth monitoring period. 
It was assumed that the variations in the working level were caused primarily by changes in 
the atmospheric pressure. An ionization chamber aas installed to study this effect more 
closely. 

175. Jonassen, N., McLaughlin, J. P. 
The effect of RaB recoil losses on radon daughter measureaents. 
HEALTH PHYS. 30(2): 234-233, 02/--/76. 

(76. Jonassen, N., ItcLaushlin, J. P. 
On the recoil of RaB from membrane filters. 
J. AEROSOL SCI. 712): 141-149, 03/-/76. 

ABSTRACT: The loss in vacuo or RaB atoms by alpha recoil from daughter deposits 
collected Kith membrane f i l te rs Has investigated. Experimentally determined values of the 
recoil loss influencing the loss efficiency and also the significance of such losses in 
radon daughter measurements are discussed. 

177. Jonassen, N. 

Removal of radon daughters from indoor air by mechanical methods. 5 p., 1980. 

178. Jonassen, N., HcLaushlin, J. P., Labrratorv of Applied Physics I . Technical Univeisity of 
Denmar',-, 

Radon in indoor air I . Research Report 6 24 p., 1976. 

179. Jonassen, N., NcLaushlin, J . P., Laboratory of Applied Physics I . Technical University of 
Denmark. 

Radon in indoor air I I . Research Report 7 42 p., 1977. 

180. Jones, G. E.. Kleppe, L. K. 

A simple ar ' inexpensive system for measuring concentrations i f atsospheric radon-222. 
UCRL-16952 18 p., 06/27/66. 

ABSTRACT: A radon-222 sampling system has been designed and built mhich uses a 
charcoal adsorption technique for collecting and analyzing that gas in a simple, 
inexpensive, reliable may. Results of measurements made aith the system, although mlv 
preliminary, are in agreement with data obtained br other investigators. 

181. Kahn, B., Eichholz, G. G., Clarke, F. J . 

Assessment of the cr i t ical populations at risk due to radiation exposure in structures. 
106 p., 0 6 / - / 7 9 . 
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182. Kaputsin, V. K.. Leonov. V. V.. Sokolikov, A. V. 

Determination of lo» levels of alpha radioactivity in aiueous sewage. 

SOV. FM01QCHEM. (ENGL. TRANSL.I 20(1): 121-126. 0 9 / - / 7 8 . 

ABSTRACT: A Mthod is proposed for the determination of the summary 
alpha-radioactivity of awieous samples, based on the use of a solid scint i l lator, with 
preliminary concentration of alpha emitters on lanthanum hydroxide. The dependence of the 
sensitivity of the method on the concentration of the co-precipitant and salt-containing 
solution ins investigated. Optimum conditions of analysis were selected: C La = 10-70 
milligram/liter, layer thickness of scinti l lator K-9 20 millisram/2 cubic-centimeters, 
thickness of supplementary liver of K-9 20 millisram/2 centimeters. The minimum measurable 
specific alpha-activity, usinj an FEU-49B photomultiplier. with volume of sample 1 l i t e r , 

17:37 SYSTEM TIME CANCELLED...SYSTEM MILL REMAIN UP TONIGHT.... 

total layer thickness of phosphor K-9 40 milli9ram/2 centimeters, total time of analysis 
1.5 hours, efficiency of recording 0.80. and relative error of the measurement for 
monitoring the summary specific activity of alpha-emitters of unknown composition in the 
sewage of radiochemical enterprises in the ranse E-6 - E-12 C i / l i t e r mas demonstrated. 
This method can be used for the determination of radon in natural mater according to i ts 
short-lived decay products. 

183. Kataoka, T., Ikebe. Y.. Minato, S. 
Influence of the distribution of Rn-222 concentration under the ground on natural samma-rav 
flux density and exposure rate. 

HEALTH PHYS. 37: 649-675, I 1 / - / 7 9 . 

ABSTRACT: Analytical formulas are derived for uncollided gamma-rav flux density and 
exposure rate above the ground due to Rn-222 distributed in the soil exponential with 
depth. A Monte-Carlo method is applied to collided gamma-rays, i t is concluded from the 
results of the calculations that the flux dei i i tv and exposure rate are strongly affected 
by the escape-to-production ratio and diffusion coefficient of Rn-222 in the so i l . These 
calculations are applied to natural radionuclides in the soil of the campus of Nasova 
University. I t is shown that the difference between the total exposure rate on the campus 
calculated by assuming exponential distribution of Rn-222 in the soil and that by assuming 
uniform distribution ranges from 3 to 8Z. 

184. Keefe, D. J . , McDowell, U, P.. Groer, P. G. 

Use of a microprocessor in a remote working level monitor. 
IEEE TRANS. NUCL. SCI. NS-23(1): 704-709, 02/-/76. 

ABSTRACT: The instrument described measures the short-lived Rn-222 daughter 
concentrations and the working Level (UL) in sealed "hot chambers" located in uranium 
mines. Radiation-induced pulses from two separate sensors are transmitted through 500 foot 
cables to a microprocessor, which processes the pulses and controls the operation of the 
system. A read-enlv memory stores a fixed program which is used to calculate the desired 
concentrations. The "esults are printed as pCi/1 (Rn-daushter concentrations) and UL. 

185. Keefe, D. J . , McDowell, U. P., Groer, P. G., Uitek, R. T. 

Optimizing measurement sensitivity to faci l i tate monitoring environmental levels of 
Rn-daushter concentrations. 

IEEE TRANS. NUCL. SCI. NS-2511): 787-789, 0 2 / - / 7 8 . 

ABSTRACT! In the measurement of environmental levels of radioactivity, the primary 
problem is the accumulation of a stat ist ical ly meamnsful number of counts within a 
reasonable period of time. In the case of measurements of airborne Rn-222 daughter 
concentrations, the problem is further complicated by the particularly short ha l f - l i f e , 
3.05 minutes, of RaA (Po-218). Since three Rn-daushters - RaA, RaB (Pb-214) and RaC 
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(Bi-2U> - are of interest, the equations interrelains these Rn-daughter concentrations 
were derived from the laws of radioactive-series decay. These equations, although 
straightforward, are cumbersome to solve. To facilitate the efficient use of these 
equations) a computer program has been written which permits the calculation of Rn-daughter 
concentrations or expected counts for a siven set of measurement parateters (flow rate and 
detector efficiencies)• A subroutine then calculates the optima pumping and counting 
times required to provide thenumber of counts necessary for acceptable statistics at 
environitentat levels of Rn-222 daughter concentrations. This subroutine contains a set of 
parateters) flow rate and efficiencies! that are fixed usins realistic restrictions. The 
use of these optimized pumpins and counting times results in maximum measurement 
sensitivity under realistic constraints. 

186. Keefe. D. J.* KcDowell. U. P.. Groer, P. 6. 
The environmental working level iwr.itor, final report: Development and fabrication of 
radon daughter detection equipment. P7628C 44 p.. 09/29/78. 

ABSTRACT: The Environmental Working Level Monitor (EHLfl) is an instrument used to 
autoiatically monitor airborne Rn-daghter concentrations and the Uorkins Level (ULf. It is 
an ac powered> microprocessor based instrument with an external inverter provided for dc 
operation if desired. The microprocessor's control processor unit (CPU) controls the 
actuation of the detector assembly and processes its output signals to Yield the 
measurements in the proper units. The detectors are fully automated and require no manual 
operations once the instrument is programmed. They detect and separate the alpha emitters 
of RaA and R a C as well as dtttctins the beta emitters of RaB and RaC. The resultant 
pulses from these detected radioisotopes are transmitted to the CPU. The programmed 
microprocessor performs the mathematical manipulations necessary to output accurate 
Rn-daughter concentrations and the HL. A special subroutine within the system program 
enables the EULM to run a calibration procedure on command which yields calibration data. 
This data can then be processed in a separate program on most computers capable of BASIC 
programming. This calibration program results in the derivation of coefficients and beta 
efficiencies which provides the calibrated coefficients and beta efficiencies required by 
the main system program to assure proper calibration of the individual EULHs. 

187. Keefe. D. J.. McDowell. H. P.. Groer, P. G.. Argonne National Laboratory., U.S. Department 
of Energy. 
The environmental working level monitor: Final report. P7628C. 09/29/78. 

ABSTRACT: The Environmental Working Level Monitor (EULH) is an instrument used to 
automatically monitor airborne Rn-daughter concentrations and the Uorking Level (UU. It 
is an ac powered) microprocessor based instrument with an external inverter provided for dc 
operation if desired. The microprocessor's control processor unit (CPU) controls the 
actuation of the detector assembly and processes its output signals to yield the 
measurements in the proper units. The detectors are fully automated and require no manual 
operations once the instrument is programmed. Ther detect and separate the alpha emitters 
of RaA and RaC / as well as detecting the beta emitters of RaB and RaC. The resultant 
pulses from these detected radioisotopes are transmitted to the CPU. The programmed 
microprocessor performs the mathematical manipulations necessary U output accurate 
Rn-daughter concentrations and the ML. A special subroutine within the system program 
enables the EULK to run a calibration procedure on command which yields calibration data. 
This data can then be processed in a separate program on most computers capable of BASIC 
programming. This calibration program results in the derivation of ̂ efficients and beta 
efficiencies which provides the calibrated coefficients and beta efficiencies required by 
the main system program to assure proper calibration of the individual EHLM's. 

188. Kelkar. 0. N.. Joshi. P. V. 
A rapid method for estimating radium and radon in water. 
HEALTH PHYS. 17: 253-257. 1969. 

ABSTRACT: A rapid method for the estimation of radium and radon in water samples u:th 
activity levels more than 1-2 pCi/1. is described. Radium and daughter products of radon 
are precipitated with more than 95X efficiency in the presence of ZnS (As) scinti l lation 
powder giving a composite scintillator-sample combination. Apart from being rapid and 
inexpensive^ the method is suitable for f ield use as i t requires very l i t t l e apparatus and 
does not involve laborious chemical analysis. Effects of temperature, pri and amount of ZnS 
(Ag| were studied and conditions for optimum yield were determined experimentally. Results 
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of radium and radon levels in sue therHl sprints measured in the field using this Mthod> 
are also presented in the Piper. 

189. Kerr, G. D. 
Measurement of radon progeny concentrations in air. 
TRANS. Ml. NUCL. SOC. 17 ISUPPI.): 542-5*3, 1973. 

190. Kobal, I., ^tofljanec, M., Kristan, J. 
Outdoor and indoor radon concentrations in air on the territory of Sit Slovenia, Yugoslavia. 

3 p. 

ABSTRACT: In connection with the investment in uranium mining and milling facilities 
at Zirovski vrh (North-Western part of Slovenia], S O M tiu ago field measurement of radon 
concentrations in air in Slovenia Here started, Emphasis was given to the uranium deposit 
area, hut sole other reference sites Mere also selected. Radon determinations were 
accompanied by measurement of the meteorological parameters wind speed and direction, 
humiditr, temperature and atmospheric pressure. At representative sites, diurnal 
concentration variations mere foliated. Radon concentrations mere usually found to lie 
below 1 pCi/1 I- 37 BVcubic meter), but in the vicinity of mine tailings and in houses 
built of stone from Zirovski vrhi this level mas exceeded and concentrations up to 2D PCi/1 
uere found. 

191. Kolb, U., Schmier, H. 
Building material induced radiation exposure of the population. 
ENVIRON. INT. U W 2 ) : 69-71, 1976. 

192. Kotrappa, P., Bhanti, D. P., Raghunath, B, 
Diffusion coefficients for unattached decay Products of thoron: Dependence on ventilation 
and relatively humidity. 
HEALTH PHYS. 31: 378-380, IO/-/74. 

193. Kraner, N. «., Schroeder, G. L., Levis, A. R., Evans, R. D. 
Large volume scintillation chamber for radon counting. 
REV. SCI. 1NSTRUH. 35(10): 1259-1265, 10/-/64. 

ABSTRACT: A 450-cc cylindrical Lucite chamber covered internally oith ZnS(As) and 
viewed at each end by 5-in. photomultiplier tubes with summed outputs has been used 
routinely as a low background (approximately 0.8 counts per min for a new chamber! Rn 
scintillation counter. The counter is simple to construct and has operated reliably for 
about tmo years. The counting efficiency for Rn in transient equilibrium with its two 
alph-emitting daughters is 2.1 counts per Rn decay. Thin lines of silver conducting paint 
applied externally on the ends of the chamber, together with surrounding Al foil, form a 
complete electrostatic shield which has assured reproducible counting efficiencies by 
suppressing randomly occurring internal fields. Results of experiments, in which external 
potentials were applied to the end plate electrodes of an experimental chamber, are 
presented in detail. It was found that as little as 22 V applied across the chamber can 
change the counting efficiency by 82. A back voltage effect caused by the deposition of 
ionization-induced charge on the internal surfaces during voltage application was observed. 

194. Krisiuk, E. II., Lisacbenko, E. P., Tarasov, C. I., Shamov, V. P., Shalak, N. I. 
Exposures from radiation sources of natural origin. CQNF-73O907-P2 
PROCEEDINGS OF THE THIRD INTERNATIONA. CONGRESS Of THE INTERNATIONAL RADIATION PROTECTION 
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ASSOCIATION. S73-381 

ABSTRACT: Ioni:in? radiation in dwellings is one of the main sources of radiation 
effect on the population, lat i tat ion or decrease of this factor H Y be done bv 
standardization of radioisotope concentration in building materials. Gaita-spectrometric 
analyses fcr Ra-226. Th-232 and K-40 in 300 samples of building materials from various 
resions of the USSR have been performed and predicted values of gamma radiation doses in 
buildinss made of these materials have been calculated. To evaluate the parameters 
deternining air concentration of Rn in dwellings Rn accumulation and mechanism of i ts 
release have been studied. For limitation of external gamma radiation levels in dwellings 
the following values of specific radioisotope permissible concentration have been 
suggested: I d 7, 126 pCi/gram for Ra-226, Th-232 ad K-40 respectively. For limitation of 
Rn concentration in dwellings permissible level of effective Ra-226 concentration (the 
product of Ra-226 concentration by emanation factor) has been recommended 0.6 pCi/gram. 

195. Knsiuk, E. H. 

Airborne radioactivity in buildings. 

HEALTH PHY3. 38: 199-202, 0 2 / - / 8 0 . 

ABSTRACT: Expressions for the concentration of radon and thoron daughters in indoor 
air have been derived. Taking into account the exhalation rate and diffusion processes of 
building naterialsi room dimensions! and ventilation rates* w estimate that the M a n radon 
and thoron daughter concentrations in indoor air are 0.10 pCi/liter and 0.0064 pCi/liter, 
respectively. These values correspond to a lung dose eiual to 126 mrem/vr. 

196. Kristan, J,, Kobal. I. 
A modified scintillation cell for the determination of radon in uranium nine atmosphere. 
HEALTH PHYS. 24(1): 103-104, 01/-/73. 

197. Kruser, J., Nothlins, J. F. 
A comparison of the attachment of the decay products of radon-220 and radon-222 to 
aonodispersed aerosols. 
AEROSOL SCI. 10: 571-579, 1979. 

ABSTRACT: The adsorption of radioactive aerosols is of prime importance t'hen 
assessins the hazard of inhalation of radioactive materials, especially in the uranium 
mining industry. In previous studies of the attach-*n+ r^te, contradicting results on the 
dependence on particle size have been found. Th* .vwenment rate for the attachment of the 
decay products of Rn-222 to nonodispersed polystyrene aerosols (of a diameter from 1.2 to 
5.3 uterometers) in the concentration range 1-67 particles/cubic centimeter was aeasured 
directly. This is compared with the attachment rate of radon-220 decay products uhich was 
measured in a previous experiment. As before, the attachment between the radioactive ato»s 
and the aerosols was found to be directly proportional to the particle concentration N> as 
well as to the square of the particle radius R. The attachment coefficient of 4.1 x E5 x 
radius squared x cubic centimeters/minute and the sticking probability of 0.13 for Rn-222 
decay products were found to be larger than that for the decay products of Rn-220 (2.4 x E5 
x radius squared x cubic centimeters/minute and 0.08, respiectivelr). The mechanism for 
the attachment) however, is the sane. 

193. Kukacka, L. E., Isler, R. J. 
Cost estimate for remedial action program for residences in the Grand Junction* Colorado 
Area. BNL-17433 15 P., 02/-/73. 

199. Kusnetz, H. L. 
Radon daughters in mine atmospheres: A f ield method for determining concentrations. 

AM. IND. HYG. ASSOC. Q. 17(1): 85-88, 03/-- /56. 

38 



ABSTRACT: A new concert of describing the tolerance level of radon daughters has i>een 
presented. This concept is in terns of the alpha-energy dose resulting fro* the complete 
decay of the daughters. A rapid f ie ld tethod for determining atospfieri. concentrations 
of radon daughters in terms of H*v of mlriii ener»v/Uter has been shown. Ho attempt has 
been made to set a maximum allowable concentration for radon and/or i ts daughters. Should 
an MAC different from the tolerance level given in this paper be adopted* the factors in 
Fig. 1 would change bv an appropriate constant. The method i tsel f would remair; the saw. 

200. Kusuda, T.. Silberstein. S., HcNall, P. E,. Jr. 

Modeling of radon and i ts daughter concentrations in ventilated spaces. 13 p., 0//—>79. 

ABSTRACT: In order to predict indoor radiation levels due to radon daughters at low 
building ventilation and air leakage rates, differential equations governing the decay and 
venting of radon IRn-222) and i ts daughters were solved. A computer progru based on the 
solutions was written to predict radon and daughter concentrations* total potential alpha 
energy and equilibrium factor. The program can account for time dependence of ventilation 
and eunation rates and is readilY usable by building designers. Sample calculations using 
the program showed that potential alpha energy levels in tightened buildings can cowonly 
reach about 0.01 working level (ML), a level more than twice as high as concentrations 
currently found in most houses. 

201. Kusuda, 7 . , Silberstein, S., HcNall. P. E.> Jr. 

The effects of lowered ventilation on indoor radiation due to r«don and i ts daughters. 20 
P., 07/ - - /79. 

ABSTRACT: In order to develop guidelines for savins energy by restricting ventilation 
without exposing the population to hazardous indoor radiation levels, differential 
equations governing the decay and venting of radon lfin-222) and i ts daughters were solved. 
A computer progru based on the solutions was written to predict radon and daughter 
concentrations• total potential alpha energy and equilibrium factor, and to be used in 
future simulations of the behavior of these quantities in buildings. The program is 
readily usable by building designers. Sample calculations using the progru showed that 
tightened buildings can co»only have potential alpha energy levels near 0.01 working level 
(wt). a level possibly requiring remedial action. 

202. Larson, R. E. 

Measurements of radioactive aerosols using thin plastic scintillators. 

NUCL. IN3TRUM. METHODS 108(3): 467-470, 05/01/73. 

ABSTRACT: A thin plastic scintillator nounted on a Photoiultiplier tPM) tube is used 
as a detector for the beta-radioactive daughter products of radon (Rn-222) collected on 
filter papers. 

203. Leonard, R. B., Janzer, V. J. 

Natural radioactivity in seothermal waters, Alhaibra Hot Springs and nearby areas, 
Jefferson County, Montana. 

J. RES. U.S. GEOL. SURV. 6(4): 529-540, G7/-/7S. 
ABSTRACT: Radioactive hot springs issue from a fault zone in crystalline rock of the 

Boulder batholith at Alhambra, Jefferson County, in southwestern Montana. The discharge 
contains high concentrations of radon, and the gross alpha activity and the concentrations 
of adiui-226 exceed maximum levels recommended by the EPA for drinking water. Part of the 
discharge is diverted for space heating, bathing and domestic use. The radioactive thermal 
waters at measured temperatures of about 60 degrees C are of the sodium bicarbonate type 
and saturated with respect to calcium carbonate. Radior-226 in the rock and on fractjred 
surfaces or coprecipitated with calcium carbonate probably is the principal source of radon 
that is dissolved in the thermal water and discharged with other gases from some wells and 
springs. Local surface water and shallow ground water are of the calcium bicarbonate type 
and exhibit low background activity. The temperature, percent sodiui* and radioactivity of 
mixed waters adjacent to the fault zone increase with depth. Samples 'rom most of the 
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major hot springs in southwestern Montana have been analyzed for gross alpha ad beta 
activity. The high level of radioactivity at Alhambra appears to be related to leaching of 
radioactive material from fractured siliceous veins bv ascending thermal waters and is not 
a normal characteristic of hot springs issuing from fractured crystalline rock in Hontana. 

204- Letourneau, E. 6.1 McGresori R. G.» Taniguchi, H, 
Background levels of radon and radon daughters in Canadian hones. 
PROCEEDINGS OF SPECIALISTS' MEETING ON PERSONAL DOSIMETRY AND AREA MONITORING SUITABLE FOR 
RADON AND DAUGHTER PRODUCTS. 167-137 

ABSTHHCT: Various measurements of radon and radon daughters in Canadian homes in 
communities not associated with uranium mining were carried out in the past two rears. A 
summary of these results is presented for basic information. 

205. Likes, R. S., Mosro-Campero. A.. Fleischer, R, L. 
Moisture-insensitive monitoring of radon. 
NUCL. INSTRUM. METHODS 159(2/3): 395-400, 02/15/79. 

ABSTRACT: Long-term measurements of radon for dosimetry or uranium exploration can be 
affected by water in or on solid detectors. The problems are documented and a simple cure 
presented. The air space containing the detector is protected by a permeable membrane and 
an appropriate desiccant. 

206. Lin. F. K.> Cameron. J. R. 
A bibliography of thermoluminescent dosimetry. 
HEALTH PHYS. 14(5): 495-514, 05/—/68. 

ABSTRACT: Comprehensive bibliography on the subject of thermoluminescent dosimetry 
(TLD) is presented. Included are basic papers on thermoluiftinescence (TL)» and applications 
of TL that have a direct bearing on TLD. 

207. Lindeken, C. L.< Jones. D. E.. McMillen. R. E. 

Environmental radiation background variations between residences. 

HEALTH PHYS. 24: 31-86, 0 1 / - / 7 3 . 

ABSTRACT: Environmental background radiation exposure measurements made in 
approximately 100 residences in the vicinity of Livenore, California, show variations in 
annual exposure from 52 to 130 mR. Measurements were made with CaF2:Dv (TLD-200J 
dosimeters at quarterly intervals for a period of 1 yr. Duellings (i«re typically 
mood-frame structures with stucco exteriors. Interior exposure rates were, on the average, 
about 25X lower than those out of doors. Dosimeters were used without energy filters, 
since it appears photons with energies less than 100 keV contribute little to the total 
dose from natural radiation sources. Elimination of energy filters materially simplifies 
packaging and handling requirements for these measurements. 

208. Lloyd. R. D. 
Gawra-ray emitters in concrete. 

HEALTH PHYS. 31 : 71-73, 0 7 / - / 7 6 . 

209. Lockhart. L. B.» J r . . Patterson. R. L., J r . , Hosier, C. R-

Determination of radon concentration in the air through iseasurenent of i ts solid decay 
products. NRL-6229 32 P., 03/29/65. 
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ABSTRACT*. An analytical Method has been devised for the determination of the radon 
concentration in the air by measurement of the radioactive decaY of the solid radon 
daughters collected on air f i l t e rs during a fixed s w r t i M period. The ratio of the 
radioactivity present at two periods* determined DY in in i t ia l count immediately after 
termination of sampling and a second count an hour later* is used to estimate the extent or 
radioactive equilibrium established between radon and its daughters and to obtain a 
correction factor for relating radon daughter activity to radon act ivi ty. The 
disintegration rates of the various decav products of radon as a function of the age of the 
radon conglomerate have been calculated during the growth and collection periods and for 
successive 5-minute decaY periods extending through the f i rs t 71 minutes fo i l win? 
termination of f i l t ra t ion , A procedure for the calibration of beta counters for the 
evaluation of RaB and RaC activit ies was established. Use was made of this analytical 
Diethod to determine radon concentrations In the air near around level. 

210. Lockharti L, B., Jr . i Pattersont R. L i Jr.* U.S. Naval Research Laboratory. Washington, 
D.C. 

The extent of radioactive equilibrium between radon and its short-lived daughter products 
in the atmosphere. NRL-6374, 04/05/66. 

ABSTRACT: A set of experimental conditions have been derived which optimizes the 
accuracy with which the radon content of the atmosphere and i ts apparent residence time 
there can be determined from measurement of the fi l terable gross beta act iv i ty during two 
separate 10-minute periods following the end of a 20-iinute collection period. The 20 
minute collection is made on a f i l t e r of essentially 100X retentivity (glass fiber f i l t e r ) 
and counted for beta activity through a 10-mil (70 milligram/cubic centimeter) aluminum 
absorber on equipment of known efficiency for the beta perticler emitted by RaB and RaC. 
The ratio of measured counts during the 61-through-71 minute decay period to that during 
the 1-throush 11 minute period is employed to obtain the atom ration of RaC to RaB in the 
air sampledi the apparent ase of the conglomerate of radon and i ts daughters* and the total 
counts to be expected from any given radon concentration in the a i r . Extensive examples of 
atnospherk measurements are divert which Busiest that under most conditions in the free 
atmosphere radon is essentialIY at secular equilibrium with its daughter products. Other 
collections 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 detectors for alpha exposure estimation. 

HEALTH PHYS. 16(5): 623-628, 0 5 / - / 6 9 . 

ABSTRACT: Solid state dielectric detectors have been applied as integrating alpha 
particle monitoring devices to permit the estimation of alpha particle iuira doses received 
by workers in radon-radon daughter contaminated atmospheres. The characteristics of these 
detectors are discussed and the results of laboratory and field testing are sumitiarized. 

212. Lovsen, P. 

Errors in measurement of working level. 

HEALTH PHYS. 16(5)'- 629-635* 05/--/69. 

213. Lucas. H. F. 

Improved low-level alpha-scintillation counter for radon. 

REV. SCI. INSTRUM. 28(9): 680-683* 0 9 / - / 5 7 . 

ABSTRACT: A low counter background is obtained by use of steel for the shell and 
quartz for the counter window* while marked improvement in the stability is obtained by 
coatin? the window with an electrically conducting layer.of tin oxide. The distribution of 
radon and its daughters within the counter under various conditions uas determined by 
comparison of observed and calculated counting efficiencies. A stable counting efficiency 
of 5.58 plus or minus 0.05 CPI/PCI radon and a background counting rate of 0.08 CPITI is 
obtained. The usefulness of this counter is augmented by adsorbing t;,a radon on charcoal. 
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The radon is then easily transferred to the counter with a sull voluse of helium and a 
Signamotor pump. This system is suitable for the analysis of samples of radon as small as 
E-H c or concentrations in air smaller than E-I6 C radon/liter. 

2 H . Lucas, H. F., Jr. 
Alpha scinti l lation radon countins. 

WORKSHOP ON METHODS FOR MEASURING RADIATION IN AND AROUND URANIUM MILLS. 3(9): 69-96 

215. Lucas, H. F.> Jr . , Adams, J. A. S. (ed.) , Louder. U. A. (ed.) 

A fast and accurate survey technique for both radon-222 and radium-226. 

THE NATURAL RADIATION ENVIRONMENT. 315-328, 1964. 

216. Lurid in, F. E., Jr . . Wagoner, J . K.. Archer, V, E. 

Radon daughter exposure and respiratorY cancer quantitative and temporal aspects: Report 
from the epidemiological study of United States uranium miners. NIQSH-NIEHS Joint Monosrwh 
No. 1 176 P. , 0 6 / - / 7 1 . 

217. Margard. W. L., Logsdon, R. F. 
An evaluation of the bacterial filtering efficacy of air filters in the removal and 
destruction of airborne bacteria. 
ASHRAE J. 49-52, 05/-/65. 

218. Martz, D. E., Holleman, D. F., McCurdy, D. E., Schiager, K. J. 
Analysis of atmospheric concentrations of RaA, Rafi and RaC by alpha spectroscopy. 
HEALTH PHYS. 17: 131-138, 1969. 

ABSTRACT: A new Mthod is presented for determining the airborne concentrations of 
RaAi RaB and RaC in atmospheres contaminated with Rn-222. The method employs alpha 
spectroscopy to measure the count rates RaA and RaC present on a membrane filter sample at 
two post-sampling tines. The individual air concentrations and the statistical variances 
associated with each then nay be calculated from the equations given. Theoretical and 
experimental comparisons are presented which indicate the improved accuracy of the 
spectroscopic method over methods previously available. 

219. Marti, B. E., Schiaser, K. J. 
Protection against radon progeny inhalation usins f i l te r type respirators. 

HEALTH PHYS. 17: 219-228, 1969. 
ABSTRACT: The efficiencies of several respiratorY protective devices in removing the 

airborne radon daughter activity found in underground uranium nines uere determined under-
standardized test conditions. The protection afforded to working uranium miners by simple 
f i l t e r respirators was estimated by comparison in vivo counting of the internally deposited 
RaC activity present in the respiratory systems of miners at the end of the working shift . 
The mean protection efficiency obtained uas 85.2 plus or minus 13.82, based on in vivo 
counts of 21 miners. The problem of providing adequate respiratory protection for 
underground uraniui miners is discussed and a suggested l is t of criteria for respirator 
design is given. 

220. Matsinu, G. C. 

42 



Scintil lation detectors for Rn-222 in air and water. 13 p. 

ABSTRACT: A scinti l lation detector and an etanation circuit that enable sensitive 
measurements of Rn-222 in water in f ie ld practice and in laboratory routine, have been 
developed. Activities as lot* as 0.1 pCi per sample may be Measured with a very simple 
procedure. The detector is also veil suited to measure Rn-222 in air at concentrations 
down to 0.001 pCi/). i f a large size detector is used. 

221. McCurdv. D. E.» Schiager, K. J . , Flack, E. D. 

Thermoluminescent dosimetry for personal monitorins of uranium miners. 

HEALTH PHYS. 17(3): 415-422, 0 9 / - / 6 9 . 

ABSTRACT: An accurate dosimetry system using thermoluminescent detectors has been 
developed for monitoring radiation exposures to individual uranium miners. The sYsten 
remits the evaluation of cumulative exposures to airborne radon progeny* expressed in 
units of Working Lewi Months* as well as the external gamma-ray exposure originating from 
the ore bodies. Thermoluminescent materials such as LiFi CaF2Dy and CaS04:Hn have been 
evaluated cs possible alpha-sensitive detectors of radon progeny collected on a f i l t e r 
paper. The most promising TLD util izes CaF2iDyi and is sufficiently sensitive to detect 
the accumulation of E5 MeV of latent alpha enersy collected on a f i l t e r paper. Proper 
annealing of the CaF2:DY crystal provides two response peaks, at 185 C and 265 C> for which 
fading is negligible for M Y proposed monitoring period. 

222. McDowell, W. P., Keefe, D. J . . Groer, P. G. 

Interfacing calculator chips to nuclear-counting systems. 

[EEE TRANS. NUCL. SCI. NS-22U): 467-470, 02/—V75. 

ABSTRACT: In the design of nuclear-counting system i t is sonetlines desirable to 
perform simple arithmetic operations on the collected data in order to present i t in a more 
useful form. In aany cases these calculations do not inquire a high-speed precessor, and 
thus can be performed simply and inexpensively thrown the use of calculator chips. This 
paper describes the use of a calculator chip in a portable, battery-operated device 
designed to neasure the radon-daughter concentration in air samples from uranium nines. 

223. McDowell. H. P.. Keefe, D. J . , Groer, P. G., Witek, R. T. 

A microprocessor-assisted calibration for a remote uorkin? level monitor. 

IEEE TRANS. NUCL. SCI. NS-2411): 639-644, 0 2 / - / 7 7 . 

ABSTRACT: A method is described for calibrating a Remote working Level Monitor, an 
instrument which measures Working Level and Rn- daughter concentrations in the atmosphere. 
The method makes use of a microprocessor to calculate beta efficiencies for RaB and RaC 
from the counts accumulated in the RaA, Ra(B*C; and RaC channels of the instrument. Both 
the alpha spectroscopic and total-alpha methods are used tD determine the Rn-daughter 
concentrations. These methods rewire the processor to solve systems of linear equations 
with several unknowns. No assumptions about Rn-daughter equilibrium are made, 

224. McLaughlin, J . P., Jonassem N. 

The effect of pressure drops on radon exhalation from wails. 14 p. 

ABSTRACT: The exhalation of radon-222 from walls was measured in a concrete walled 
basement room by studying the growth of activity in exhalation cans sealed to various 
portions of the walls. In a series of measurements constant underpressures from 5 - 2 5 
mmHs were maintained in the exhalation cans during the build UP of activity. I t appears 
that the exhalation rate increases linearly with the underpressure. In the theoretical 
considerations of pressure drops i t is assumed that the basement concrete walls in toto are 
capable of sustaining for many hours underpressure - enhanced exhalation values comparable 
to those experimentally measured at various Places on the wall. I t is shown that the 
fractional increase in room air activity is proportional to the total pressure drop and 
increases with the time i t takes the pressure drop to establish. As an example a pressure 
drop of 20 mmifg will double the equilibrium activity in the room i f Us establishment takes 

43 



place at a constant rate over a period of approximately 27 hours. This is in keeping with observations on the TOOK air radon levels over a number of tenths. 

225. Mesunii K., hamuro, T. 
A method for measuring radon and thoron exhalation fro* the ground. 

J. GEOPHYS. RES. 77117): 3052-3054. 06/10/72. 

ABSTRACT: A method for determining directly the rate of radon and thoron exhalation 
from the ground was studied. Radon and thoron gases are directlr adsorbed on a layer of 
granular activated charcoal distributed over the ground surface) and the charcoal is 
subjected to gamma-ray spectrometry. The radon luantitr is determined from the area of the 
Photopeak due to 0.61-Mev gamma-rays of Bi-214 and the thoron quantity from the area of the 
photopeak due to 2.61 Mev gamma-rays of TL-208. Some results of measurements obtained by 
this method are presented. 

226. Kelvin. J. D., Copping. N. A.. Shapiro, M. H. 

An automated radon-thoron monitor for earthquake prediction research. 

NUCL. 1N3TRUH. METHODS 153(11: 239-251. 07/01/78. 

ABSTRACT: He describe an automated instrument for earthquake prediction research 
which monitors the emission of radon and the ion from rock. The instrument explors 11) 
aerosol f i l t ra t ion techniques and bata-counting to determine radon and thoron levels: (2) a 
programmable microcomputer which controls mechanical operations, collects data, and 
monitors the condition of key components: (3) a call-up telemetry system for t\\e 
transmission of data to a central location over rtandard telephone lines. Data from the 
f ie ld operation of the instrument is presented. 

227. Mercer, T. T., Stone, W. A. 

Deposition of unattached radon decay products in an impactor stage. 

HEALTH PHVS. 17(2): 259-244, 0 8 / - / 6 9 . 

ABSTRACT: Depending on inpactor design and flou rate, as much as SOX of available 
unattached RaA and ThD atoms can be collected in a round-Jet impaction stage in a 
convenient form for analysis. The collection efficiency decreases linearly, but slowly, 
with increasing flou rate. I t is shown to be due to a diffusional process not 
significantly affected by either relative or absolute humidity. 

228. Michel, J . , Moore, U. S. 

Ra-228 and Ra-226 content of groundwater in fall line aquifers. 

HEALTH PHYS. 38: 663-671, 0 4 / - / 8 0 . 

ABSTRACT: Studies of the radium isotopic content of groundwater from a Coastal Plain 
aquifer adjacent to the Fall Line in South Carolina shorn that elevated Ra-228 and Ra-226 
concentrations are associated with the aquifer. There is l i t t l e seasonal variation in the 
concentration of either radium isotope for a single well, but UP to an order of magnitude 
variation among wells within a 4 square kilometer area (Ra-228 activit ies range from 4.71 
to 11.9 PCi/1, shereas Ra-226 activit ies range from 2,71 to 26.53 pCi/1.) . The 
Ra-228/Ra-226 activity ratio among wells ranges from 0.23 to 3.0, and is inversely 
proportional to Ra-226 content. These results are contrary to the assumption in the U.S. 
Environmental Protection Agency drinking water regulations which state that Ra-228 rarely 
exceeds Ra-226 and thus require Ra-228 measurements only when Ra-226 exceeds 3.0 pCi/1, I t 
is unknown whether these results are typical for al l Fall Line aquifers of the southeastern 
U.S., which extend from Alabama to Maryland and supply water to many small towns. However, 
these results, which show that the Ra-226 concentration does not parallel Ra-228 
concentration in this geologic region, call for a re-examination of the EPA regulation. 

229. Miles, J. C. H., Davies, B. L., Algar, R. A., Cl i f f , K. D. 
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The effects of domestic air treatment equipment on the concentration of radon-222 daughters 
in a sealed root. 

R. SCC. HEALTH J. 82-85. 06/—/BO. 

ABSTRACT: Reduction of the ventilation rate in housss in the interests of energy 
conservation can lead to a build-up of radon-222 in room air . This results in irradiation 
of the lungs bY the radioactive daughters of radon. An electrostatic precipitator has been 
used to remove radon daughters from the atmosphere of a sealed rood. I t is shown that this 
can reduce the dose to the bronchial epithelium bv an order of magnitude, and effectively 
counter the effects even of extremely Ion ventilation rates. 

230. Mochiiuki, S. 

Rn-222 exhalation and itr /arktion in soil air (II: Method and instrument. 13 p. 
ABSTRACT: A new method l.as been developed and newly designed four apparatus uere constructed for measuring the concentration of radon in soil air without disturbing natural condition of the soil. B Y this method, radon concentration in the soil air at adequate points inne- the depth of one meter below the ground is obtained from the concentration of radium A which was measured in the same air. Radium A concentration is measured by spectrometry of alpha-ray detected fron radioactive ions which are floated in the soil air. By the fundamental experiments and preliminary observation carried out in the soil air belor the ground, it was confirmed that the newly constructed apparatus is useful to measure the radon concentration in the soil air. 

231. Mochizuki, S. 
Comparison of natural atmospheric radioactivity appeared over Hachijo island and Miyake 
Island in the early spring. 

J, METEOROL. SOC. JPN. 54(1): 52-56, 02/28/78. 

232. Mueller, D. U., Underbill, D, « . , Ouleiian, G. V. 

Population dose equivalent from naturally occurring radionuclides in building materials. 
29 p. 

ABSTRACT: Naturally occurring radionuclides in building materials are a source of 
external and internal radiation exposure to the U.S. population. Unrfp;- certain conditions 
exposure rates are sufficiently high that control measures, either on a voluntary or 
mandatory (legislative) basis, should be considered. Such measures include I D material 
substitution, (2) improved manufacturing standards. 13) changes in basic building designs. 
14) application of surface sealants, and (5) increased ventilation accompanied by processes 
for the adsorption and/or f i l t ra t ion of airborne radionuclides. Analyses show that several 
of these measures appear to be well Justified in terms of the $1,000 per person-rem 
cost-effectiveness guidelines util ized for commercial nuclear power plants by the U.S. 
Nuclear Regulatory Commission. 

233. Mosro-Cupero, A., Fleischer, R. L. 

Search for kng distance migration of subsurface radon. 13 p. 

1 ABSTRACT: Long distance radon migration is defined as that requiring nondiffusive 
transport modes. The limitations of diffusive motion are shown by using l ikely f ie ld 
parameters. Two non-diffusive transport processes are discussed quantitatively: convection 
driven by the geothermal gradient and floe induced by atmospheric pressure changes. 

i Finally, we treat the problem of experimentally determining whether long range radon 
migration occurs in a given situation. This includes cr i ter ia for selecting anomalous 
readings in radon surveys and possible reasons for the appearance of such anomalous values. 

234. Mogro-Campero. A.. Fleischer. R. L. 

Sublerrestrial f luid convection: A hypothesis for long-distance migration of radon within 
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the earth. 
EARTH PLANET. SCI. LETT. 34(21: 321-325. 03/-/77. 

ABSTRACT: Scattered observations suggest that radon can migrate through the earth for 
distances greater than or equal to 100 meters, a process of great potential aid in both 
earthquake prediction and uranium exploration. It is noted that existing theories predict 
that fluid convection in the earth* driven DY the local secthenna) sraoienti can occur in 
areas of relatively hish permeability. The velocity of fluid flow u v be sufficient to 
transport radon over large distances before it decays. The convection by hypothesis also 
provides a possible explanation of seasonal effects that have been observed in local and 
general radon emanation into the atmosphere. 

235. Money, M., Heaton. B. 
The effect of humidity on the detection of radon. 
HEALTH PHVS. 3115): 456-457. U / - / 7 6 . 

236. Moore. H. E.. Poet, S. E., Hartell, E. A. 
The size distribution and ori9in of Pb-210i Bi-210, and Po-210 on airborne particles in the 
troposphere. 10 P. 

ABSTRACT: Data is presented on the concentration fdp»/100 cubic meter), specific 
activity <dpm/g aerosol) and percent of Pb-210, Bi-210. and Po-210 versus particle size 
interval for sround level air samples. Sinlar data for Sr-?0 in air and Ra-226 and Pb-210 
in one soil sample is given. Calculated M a n aerosol residence tides increase with 
increasing particle size interval! houiever, specific activities and percent of each isotope 
decreases with particle size interval. These variations along with comparison to soil data 
suggest that the distribution of these isotopes reflects the initial attachment 
distribution plus a smaller component due to entrapment of particles from soil and other 
surfaces. Coagulation into siza intervals greater than 0.3 micrometers radius appears slow 
compared to renoval processes. Thus, the mean troposphere aerosol residence tine for 
tropospheric aerosol particles is one week or less. 

237. Morse, R. H. 
Radon counters in uranium exploration. Publ. No. 1AEA-SM-208/55 

EXPLHRATION FOR URANIUM ORE DEPOSITS. 

ABSTRACT: Rapid analytical techniques for uranium, radium and radon, each of which is 
characterized by a different geochemical behaviour and each of which is absolutely specific 
for uranium. An efficient seochemical exploration programme will be based on a Judicious 
combination of these elements. The battery-operated digital alpha scintillometer combines 
portability with high sensitivity. Radon and radium can be determined in the f ie ld . 
Thoron is recognized by a rapid drop in count-rate owing to i ts 54.5-s ha l f - l i f e . At the 
detailed level of exploration radon in soil gas provides a useful supplenent to ground 
gamma scintillometrY. Readings as low as 20 counts/minute or lower are significant. High 
readings due to especially permeable soils are characterized BY rapidly fal l ing count-rates 
because of dilution by thoron. Uranium anomalies are characterized by steadr or rising 
count-rates. Counting beyond the f i rst minute and monitoring any changes is essential. 
Diurnal radon variations are not cri t ical in Canada. An example is Provided from the 
Bancroft area which compares radon in soil to ground gamma scintillometry. The radon 
survey shows more detai l , in agreement with the geology, than the scintillometer. 

238. Nazaroff. U. U., Bocae!* H. L,, Holhuel l , C. D., Roseme, G. D. 

The use of mechanical ventilation with heat recovery for controlling radon and 
radon-daughter concentrations. LBL-10222 21 P. , v3/-.'8f>. 

ABSTRACT: An energy research house in Maryland was found to have radon 
concentrations far in excess of recommended guidelines. A mechanical ventilation system 
with heat recovery was installed in this house to test i ts effectiveness as an 
energy-efficient control technique for indoor radon. Radon concentration uas monitored 
continuously for two weeks under varying ventilation conditions [0,07 to 0.8 air changes 
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per hour <ach)3 and radon daughter concentrations were measured by grab-sample techniques 
about nine t i les daily during this period. At ventilation rates of 0,6 ath and higher 
radon and radon daughter levels dropped below guidelines for indoor concern ratiens. 
Comparison with other studies indicates that indoor radon buildup H Y be a problem in a 
considerable portion of houses characterized bY their low inf i l t rat ion rates. The use of 
mechanical ventilation sYsteis with air - to-air heat exchangers may offer a practical, 
cost-effective, and energy-efficient Mans of alleviating, not onW the radon problem 
specifically but also the general deterioration of indoor air qualitY in houses designed or 
retrofitted to achieve low inf i l t rat ion. 

239. Negro, V. C . Uatnick, S. 
"FUNGI": A radon measuring instrument with fast response. 
IEEE TRANS. NUCL. SCI. NS-25U): 757-761, 02/-/78. 

ABSTRACT: The FUNGI uses an electrosatic field to collect daughter products of radon 
decay, and a solid state detetor to resolve the energies of radium A IPo-218) and radium C 
*Po-214) alpha particles. This permits a great degree of flexibility in the measurement of 
radon and radon daughters. In addition. bY liiiting the instrument response to the radiui 
A channel only, the response to changes in radon concentration of this instrument is ten 
tines faster than other instruments, asking it suitable for radon survey applications. 

240. Neustein, H.> Cohen. L. D.» Krablin, R. 
An automated atmospheric radon sampling system. 
ATHOS. ENVIRON. 5(10): 823-331, 1971. 

ABSTRACT: An automated radon gas sampling system usins the double filter method is 
described. Four such svstens have been installed on a 1000 foot tower in northwest 
Philadelphia. Pennsylvania, at elevations of 20. 200. 570, and 890 feet above ground. 
Simultaneous sulfur dioxide concentration measurements are made at the radon sampling 
elevations together with measurements of wind speed, wind direction, and temperature at 
elevations if 40, 100, 200, 350, 570, and 890 feet. Average radon concentrations are 
measured every hour, while the meteorological variables are recorded continuously, with 10 
minute averages calculated four times an htur. These systems have had a downtime of less 
than 15 per cent since March, 1970. The radon systems are capable of monitoring radon 
concentrations with a sensitivity of E-14 Ci liter, and an uncertainty at E-13 Ci liter of 
7 per cent. The observed average radon concentration at twenty feet above the ground was 
1.5 x E-13 Ci liter, in substantial agreement with other published values. Data are 
presented which display the diurnal variation of radon concentration as a function of 
elevation. Also presented are data which show a radon concentration dependence on uind 
direction. 

241. Parker, H. M. 
The dilemma of lung dosimetry. 
HEALTH PHYS. 16(5): 553-561, 05/-/69. 

ABSTRACT: A legitimate criticism of health Physics arises from the derivation of 
quite complex relationships for the permissible deposition of radionuclides in the body, in 
the absence of valid experience in nan. I t has to be accepted that inhalation of 
substantial amounts of radon and daughter products has a f in i te probability of causing 
cancer in the bronchial epithelium. Establishment of a quantitative dose effect 
relationship has a formidable array of impediments. The radioactive nuclides in mine air 
comprise a short-lived chain existing in physical forms from free ions through small nuclei 
to large dust particles. Intake and primary retention of these media has to be calculated 
from models. Subsequent translocation UP the bronchial tree is a significant factor in 
exposure. I f the nucleus of a basal cell of bronchial epitheliun is assumed to be the 
biological target, the penetration of alpha particles to i t can be modeled in various 
degrees of sophistication. This leads to a numerical relationship between nature and 
concentration of the ambient radioactivity and the relevant tissue dose or dose-rate. The 
quoted number may be high or low by a factor of about three. This is essentially a 
permissible dese type of calculation. I t is not a demonstrated dose effect relationship. 
The feasibi l i ty of programs to progressively eliminate these uncertainties will be 
discussed in terms of refined study of mine exposees, relevance of data from radium or 
other human cases, and animal experimentation. 

• M 



242. Parks. N. J. 

A store sensitive method for the assay of Rn-222 concentations in wter samples uith liquid 
scinti l lation counters. 

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

243. Parthasarathy, K. S. 

Decay products of Rn222 in the living environment. 

HEALTH PHYS. 3112): 187-188, 08/ - - /76. 

244. Partridge, J. E.i Horton. T. R., Sensintaffar. E. L, 

A study of radon-222 released from uater during typical household activit ies. Technical 
Note ORP/EERF-79-1 13 p.. 03/- - /79, 

ABSTRACT: Small quantities of radon-222 can be found in a l l ground water from natural 
sources as a result of decay of radium-226 both in water and the soils and soil matrix 
surrounding the uater. Radon in drinkins uater has previously been considered a source of 
radiation exposure primarily from an ingestion standpoint. However, the EPA. Office of 
Radiation Programs, is investigating the potential for exposure to individuals from 
inhalation of gaseous radon relased from water. This report describes the results of a 
study to determine the fraction of radon released from water during typical household 
activit ies such as clothes washing, dishwashing, showering, etc. , and estimates the 
potential radon concentration in air and r e n t i n g working levels in structures. 

245. Pearson. J. E., Jones. G. E. 

Emanation of radon 222 fron soils and its use as a tracer. 

J. GEOPHYS. RES. 70(201: 5279-5289, 10/15/65. 

ABSTRACT: The temporal, geophysical, and geographical parameters related to the 
emanation of Rn-222 at the earth-atmosphere interface have been studied. Such information 
is necessary in the evaluation of boundary conditions for an investigation of the vertical 
diffusivity of the atmosphere i f natural Rn-222 is to be used as a tracer. A system for 
collecting Rn-222 emanating at the surface of the earth with a minimum of disturbance to 
the site has been developed. I t includes a stainless-steel collector, open on the bottom 
uhere i t is in contact with the soi l ; a pumpi water and carbon dioxide traps, and chilled 
traps in which the radon is adsorbed on activated coconut charcoal. Sampling patterns in 
cast-central I l l ino is were selected using a randomized complete block design to permit 
statistical analysis of emanation data uith respect to location, soil type, meteorological 
conditions, and other parameters. Although no statistically significant variation of 
Rn-222 emanation with location or soil type sas foundi a variation uith wind speed, 
gustiness, and soil moisture was observed. Criteria for the selection of locations 
suitable for vertical diffusivity studies using Rn-222 as a naturalW occurring tracer 
should include, ideally, uniform emanation for tens of k'.iometers in a l l directions, 
substantially level topography, and uniform vegetative cover. The location chosen for 
these studies meets these cr i ter ia . 

246. Perdue. P. T. , Legsett. R. fci.. Haywood, F. F. 

ft tea.riiiue for evaluating airborne concentrations of daughters of radon isotopes. 12 p. 

ABSTRACT: Elevated quantities of actinon (Rn-219) daughters in air have been observed 
in some buildings contaminated with raffinates from uranium ore Processing, Previous 
methods for measuring the concentration of Rn-222 daughters assume that Rn-219 daughter 
concentrations are negligible, and there was no available method ?or measuring 
concentrations of Rn-219 daughters. The authors have developed a method for the 
simultaneous measurement of daughters of Rn-222. Rn-220. and Rn-219 in air by modifying a 
well-known alpha spectroscopy technique and computer program used for determining Rn-222 
daughter concentrations. 
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247. Perdue. P. T., Shinpaush. U. H., Thorngite, J. H.. Auxier, J. A. 
A convenient counter for measuring alpha activity of siear and air samples. 
HEALTH PHYS. 26(11: 114-114, 01/-/74. 

24S. Pohl, E.. Pohl-Ruling, J. 
Determination of environmental or occupational Rn222 in air and water and Ra226 in uater 
with feasible and rapid methods of saiplins measurement. 
HEALTH PHYS. 31(4): 343-348, 10/--/76. 

ABSTRACT: For air-samplins 30 l i ter containers of flexible foi l are taken to the 
sites. To leisure the Rn-222 and Ra-226 content of water, special bottles are used u'ith 
volutes of 0.5 and 2.51 respectively. All samples are ieasured in the laboratory. In this 
waY i t is possible to take a great number of saiPles at the sites considered, which is 
necessary to obtain significant annual mean values. The measuring equipment consists of a 
10-20 l i ter ionization chamber in connection with an electronic electrometer and a 
chart-recorder. The air sample is transferred very fast into the evacuated chamber, so 
that one can define the zero-point for the increase in ionization current due to the 
short-lived decay products. The radon content of a water sample is also transferred as 
fast as possible into the chamber with inactive air streamins through a de-emanating 
bottle. Changeable central electrodes keep the background low and permit a rapid 
succession of measurements. For the determination of small Ra-226 contents a 
double-chamber equipment with background compensation is used. 

249. Pohl, E., Pohl-Ruling, J. 
Dose calculations due to the inhalation of Rn222, Rn220 and their daughters. 

HEALTH PHYS. 32(6): 552-555, 0 6 / - / 7 7 . 

250. Porstendorfer, J., Mercer, T. T. 
Adsorption probability of atoms and ions on particle surfaces in submicrometer size range. 
J. AEROSOL SCI. 9: 469-474, 1978. 

ABSTRACT. The absolute attachment coefficient of neutral and elecricallv charged Tn 
decay products on particles in the size range between 0.009-0.03 micrometers was measured. 
For these c 'erinents, condensation aerosols of a narrow size range were used. The 
experimental values agree with those of the diffusion theory of attachment under the 
assumption that the sticking probability of the decay product is unity. 

251. Porstendorfer, J., Mercer, T. T. 
Diffusion coefficient of radon decay products and their attachment rate to the atmospheric aerosol. 11 p., 04/—/78. 

ABSTRACT: The attachment rate of the neutral atoms to the atmospheric aerosol indoors 
and outdoors were studied by means of Tn IRn-220) decay products, which were attached in a 
laminar flow through a crijndrical tube. In a nuclei concentration range between (0.6 - 7) 
E4 particles/cubic centimeter the attachment rates were 0.009 - 0.05/second (relative 
humidity: 30 - 5011 corresponding to a half-life of attachment 77 to 14 seconds. The 
change of the average nuclei size «ith humidity could be determined by measuring the 
attachment rate for different water vapour corcentrations. BY changing the humidity from 
202 to about 1002 the average particle size increase up to a factor 2.1. 

252. Porstendorfer, J., Uicke, A.. Schraub, A. 
The influence of exhalation, ventilation and deposition processes upon the concentration of 
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radon (Rn222)i thoron (Rn220) and their decay products in rooi air . 

HEALTH PHYS. 34(5): 465-473, 05/- - /73. 

ABSTRACT: The influence of radon and thoron exhalation fro* the walls and the 
air-exchange upon the Rn(Rn-222)-and Tn(Rn-220) concentration indoors has been studied. On 
the basis of a simple root node) the degree of equilibrium between radon* thoron and their 
decay products* free attached fraction, has been calculated. These calculations were 
performed under the consideration of: (1) the measured natural radioactive indoor and 
outdoor aerosol size distribution, (21 the known attachment of the uncombined decay 
products, (3) the experimental1Y evaluated recoil factor, and (4) of an estimated 
deposition rate on the wall surface. 

253. Porstendorfer. J., Mercer, T. T. 
Concentration distributions of free and attached Rn and Tn decay products in laminar 
aerosol flow in a cylindrical tube. 
J, AEROSOL SCI. 9(4): 283-290, 03/-/78. 

ABSTRACT: The problem of the steady state diffusion of radon decay products in 
laminar aerosol flow through a cylindrical tube is presented. Neglecting axial diffusion 
and assuming constant aerosol 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 decay products. The first 
five eigenvalues En and the corresponding coefficients for different attachment rates X 
were coiputed. These results can be used to determine experimentally the diffusion 
coefficients of Rn and Tn decay products or small ions and their rates of attachment of 
aerosols. 

254. Porstendorfer, J,, Mercer, T. T. 
Influence of electric charge and humidity upon the diffusion coefficient of radon decay 
products. 
HEALTH PHYS. 37: 191-199, 08/--/79, 

ABSTRACT: The diffusivitv of freshly formed thoron decay products was studied under a 
variety of conditions with respect to relative humidity and electric charge and over a 
range of thoron concentrations from approximately 340 nCi/1 to 3,4 X E5 nCi/1. 85-&SX of 
ThB (Pb-212) atoms carried a positive charge jhen formed. In moist air (relative humidity 
faetueen 30'/ and 90X) the diffusivity of the positively charged ThB atoms was 0.068 plus or 
minus 0.004 square centimers/second! it was the same for neutral ThB atoms, regardless of 
humidity. In very dry air, the diffusivitv of the charged atoms could not be established 
unequivocally, but it was about 0.024 square centimers/second. 

255. Porstendorfer, J... Uicke, A., Schraub, A. 
Methods for a continuous registration of radon, thoron and their decay products in- and 
outdoors. 

ABSTRACT: A report about our devices and methods is given used for the determination 
of the concentrations of Rth Tn and their daughters-, the ventilation rate and the average 
exhalation rate in rooms of buildings. Rn and Tn concentrations are detected continuously 
collecting the positively charged RaA and ThA atoms on a surface-barrier detector using 
electric field precipitation. The determination of Rn and Tn decay product concentrations 
is carried out by collecting the aerosols on a membran filter and simultanousW counting 
the activities by alpha-spectroscopy. The decrease of a tracer gas concentration (C021 is 
used to determine the ventilation rate of a room. 

256. Pradel, P. J., Koch, L. 
La radioprotection dans les mines d'uranium, 

ANN. MINES 37-44, 0 3 / - / 7 4 . 

50 



257. Price. P. B.. Fleischer. R. L. 

identification of energetic heavy nuclei with solid dielectric track detectors: 
Applications to astrophvsical and planetary studies. 71-C-207 22 P., 07/—/71. 

258. Prichard, H. «.. GeselU T. F. 

Rapid measu,enents of Rn222 concentrations in water with a commercial liquid scintillation 
counter. 

HEALTH PHYS. 33(6): 577-531, If:/—/77. 

ABSTRACT: A technique is described by which concentrations of Rn-222 in water as low 
as 10 pCi/li**'' can be determinuteed br a 40-*inute count of a 10-miUiiiter S M P I * . 
Preparation time is about 1 minute/sample, and no special equipment is required other thin 
iccess to a commercial liquid scintitUtion system. 

25?. Prkhard, H. H. 

Reply to "Comments on 'Rapid measurements of Rn222 concentrations in water with a 
commercial lipoid scinti l lation counter.'" 

HEALTH PHYS. 35(61: 863, 12/-- /78. 

ABSTRACT: In this letter to the editor, Prichard replies to criticism bY Cehn on 
Prichard's paper. "Rapid Measurement of Rn-222 Concentrations in Hater with a Cot*ercia1 
Liquid Scintil lation Counter." Prichard suggests errors in Cehn'5 analysis and discusses 
iiprovement in the measurement technique in question. 

260. Pun, ft. C. 

Uranium mine ventilation planning for control of radon and its daughter products. 

J. MINES, MET. FUELS 35-40, 02/-/73. 

261. Raabe, 0. G. 

Concerning the interactions that occur between radon decay products and aerosols. 

HEALTH PHYS. 1712): 177-185, 08/-/69. 

ABSTRACT: The state of experimental and theoretical knowledge concerning the 
attachment of radon decay products to aerosols is reviewed. Particular enphasis is upon a 
new attachment principle which predicts that attachment is proportional to the surface area 
of the aerosol particles for a l l particle sizes and for a l l but extremely hish 
concentrations of radon. Aspects of the character and fate of radon decaf products which 
have vet to be fully understood and which require further experimental studies are 
discussed. Employing the theory of a self-preserving particle size distribution of natural 
aerosols, a hypothetical form for aerosols in uranium mines is developed and employed to 
calculate the expected fractions of unattached radium A, B and C for various aerosol 
concentrations and equilibrium times. The results compare favorably with available 
experimental values.-

262. Raabe* 0. G., Urenn, H. E. 

Analysis of the activity of radon daughter samples bv weighted least squares. 

HEALTH PKYS. 17(41: 593-605, 1Q/W69. 

ABSTRACT; A new mathematical method employing weighted least-squares has been 
developed for the analysis of a i r samples for radon daughters. This method allows 
calculation of the concentrations in air of the daughter products of both Rn-220 and Rn-222 
based upon the radioactive decay of a sample, I t employs observations of the total counts 
of alpha particles from the sample during various periods of time, rather than estimates of 
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the counting rate at any particular time. There is no upper limit to the number of 
observations that M Y be used lit the computations. Errors are estimated based upon the 
statistical limitations of the data. The method has been tested on radon daughter samples 
taken in uranium mines under conditions both of equilibrium and extreme disequilibrium and 
compared to the commonly employed Tsivoslou method. Filters were counted in the mines 
using a cowination of ZnS phosphor* photomultiHier tube, and scalar. The concentrations 
of radium A. Bi and C were calculated with both methods. The results of this comparison 
indicate major advantafes of the new technique in research applicationsi including greater 
accuracy and clearly defined estimits of errors. 

263. Raghavavva. M.. Jones. J. H, 
A wire screen-filter paper combination for the measurement of fractions of unattached radon 
daughters in uranium mines. 
HEALTH PHYS. 26: 417-429, 05/-/74. 

ABSTRACT; Lack of current actual field data on such factors as radon daughter 
equilibrium ratios and fractions of unattached radon daughter atoms and the relationship of 
the measured working levels to actual lung dose has caused questioning of the uorking level 
concept as the basis for nine radiation control work. He describe a simple technique for 
measuring equilibrium ratios and the fractions of unattached radon daughter atoms in air 
using a wire screen prefilter to collect unattached atoms. Values obtained by this method 
in several United States uraniijs nines ae PI rented. 

264. Rashunath. B., Kovrappa, P. 
Diffusion coefficients of decay products of radon and thoron. 
J. AEROSOL SCL 10(2): 133-138. 03/--/79. 

ABSTRACT! The diffusion of the decay products of radon and thoron have relevance in 
the evaluation of inhalation hazards in uranium and thorium processing industries. A 
recently developed diffusion sampler, based on Mercer's theory of diffusional deposition 
between the concentric circular plates, has been used for determining the diffusion 
coefficients of the unattached decay products of radon and thoron (RaA, RaC and ThB). 
Experiments were conducted at different ventilation rates (6 and 60 chan9es/h«ur) at 
different relative humidities 110 antf 90X1 and both in air and arson ataospheres. 
Diffusion coefficients were found to increase with increasing ventilation rates and were 
found to decrea:e at higher relative humidities, the effect heing more marked at lower 
entilation rates. Both of these effects were less pronounces in argon than in air. 

Results are discussed in light of the known properties of these decay products. 

265. Ramsav, U. 
Radon from uranium mill tailings: A source of significant radiation hazard7 

ENVIRON. MANAGE. 1(2): 139-145. 1976. 
ABSTRACT: Calculations regarding the long-term hazards to health fr-on the radioactive 

gas radon which emanates from the tailings of milled uranium ores are presented here. The 
absolute and relative risks to the population from mill tailings, as well as technical 
solutions ti> the problem of disposal methods which mould eliminate or minimize lung cancer 
risk, are discussed. Since the emission of radon from tailings will occur thousands of 
rears after the projected benefits from nuclear-fission power have been obtained, the 
problem of present and future hazard from mill tailings calls for increased regulatory 
consideration. 

266. RangaraJan, C , Datta, S. 
A compuior program for theoretical and experimental studies on radon and thoron daughter 
product activities. B.A.R.C/I-438 33 p., 1976. 

ABSTRACT: The report describes a computer Program RADIUM written in FORTRAN language 
for CDC-3600 and BESH-6 computers. The program is for theoretical and experimental work 
with radon and thoron daughter products but parts of it can be used for other decay chains 
also. It has five options, the first three for theoretical calculations and the last two 
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for experimental work. O H on one calculates the build-up of activitY in a decay chain 
starting uith an in i t ia l activity of the f i rst aember only. The build-up is calculated t*or 
two cases, the f i rs t , for s i i f l e exponential decar startins with the in i t ia l activity of 
the f i r s t member and the second* for the accumulation of the f i r s i i*a««r at a constant 
ratei into a system. The option includes provision of non-radinactive depletion constants 
for both cases. The second and third options are for calculation of activity durins 
collection and after collection respectively into a system, of the waters of tfce decay 
chain existins in a proportion corresponds to a siven build-up t iae. Option four is for 
calculating radon and thoron activit ies in the ataosfhere f r n the aeasured counts on the 
collected f i l t e r assuains equilibrium between radon-thoron and their daushters. Option 
five is for the weighted least-siuares resolution of the individual activit ies of RaA» Ra6< 
RaC> ThB and ThC froa a series of aeasureaents on the collected f i l t e r paper. The rrosraa 
can be adopted for other decay chains and other erobleas like growth of radioactivity of 
ores, build-up of radioactivity in reactor water- = U . I t is also possible to shorten the 
program by reaovin? the unwanted options. 

267. RansaraJan. C.> Gopalakrisfmani S. S.> Eapen. C. D. 

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

PURE AfPL. GEOPHVS. 115: 513-522, 1977. 

ABSTRACT: The application o' the weighted and unweighted least-ssuares aethod to the 
analysis of the individual concentrations of short-lived radon daushters in the open 
ataosphere. where, unlike in the mines the levels are low. is discussed. The aethod can be 
optimized to 3we ainiaua counting errors by proper choice of collection t i ies and counting 
periods. BY analysing a large number of saaples i t is shown that the least squares aethod 
gives better accuracy than the simultaneous equations aethod generally in use. The 
calculation can be simplified by using the unweighted least-ssuares analysis without 
significant loss in accuracy. The levels of RaA, RaB and RaC in surface air at Bombay 
durins the period January-June 1975, calculated using the least-square rathod* are 
presented. The activity radios of RaC/RaB are shown to have an average value around 
0.6-0.9 even at 18 a heisht. The RaB/RaA activity ratios however show a auch larser 
scatter than the RaC/RaB values. The possible reasons for these differences are discussed. 
The application of the least-squares aethod to the analysis of Th-B and Th-C is also 
described. 

268. Renoux. A., Barzic. J . Y.> HadeJaine. G. J.> Zettwoos, P. 

Characteristics of uraniua aine air. 

NUCL. TECHNOL 37(3): 313-327, 03/-/78. 

ABSTRACT: The radon content in the atmosphere of a uraniua mine, 183 pCi/liter. was 
found during the varied phases of the excavation (drilling, blasting, and clearing) to vary 
between 63 and 3600 pCi/liter. Radioactive equilibrium was not found to be reached for 
radon and its daughter products. BY aeans of a seven-stage Andersen cascade inpactor. the 
particle size distribution for the aerosols of the aine was determined as well as the 
alpha-particle activities on each disk of the iapactor and on the aillipore filter pUced 
behind each stage. This Yielded the inforaation that the aaJor portion of alpha activity 
in the test aine is connected with aerosols having a radius of less than 0.4 aicrometers. 
During excavation more than SOX of the radioactivity is located on aerosols with radius 
smaller than 0.15 micrometers; this radioactive aerosol is the saallest f--id after 
blasting. In all cases, the alpha radioactivity associated with lapse particles tR greater 
than 1 micrometer) is very saall Hess than 3X). This indicates that if the Andersen 
iapactor is used carelesslYi it aay Yield an erroneous distribution of the radioactivity in 
a uraniufc nine. 

269. Robinson? H. 

A modified Deutsch efficiency equation for electrostatic precipitation. 

ATMOS. ENVIRON, i". 193-20*. 1967. 

ABSTRACT: The Beutsch efficiency equation of electrostatic precipitation is aodified 
to take into account the erosion of collected dust and the non-uniformity of dust 
concentration over the precipitator cross section. Recent attempts to obviate serious 
fallacies in the Ceutsch equation have led to rather sophisticated and complex analyses. 
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The present approach, however, represents an effort to retain the simplicity of the 
original exponential relation* yet at the same tine to meet, in some measure, some of the 
itore serious objections to the old theory. 

270. Robinson, M., Brown. R. F. 
Electrically supported liquid columns in high-pressure electrostatic precipitators. 
ATK03. ENVIRON. 5: 395-896, 1971. 

ABSTRACT: It has been reported that an electric field applied normal to the surface 
of certain liquids causes a liquid column to rise out of the surface. This effect has 
important commercial consequences in that it Units the voltage that can be applied in the 
removal of suspended liquid particles from high-pressure gases by electrostatic 
precipitation. 

271. Rock. R. L , Lovett, D. B., Nelson, S. C. 
Radon-daughter exposure measurement uith track etch films. 
HEALTH PHYS. 16(5): 617-621, 05/-/69. 

ABSTRACT: The registration of alpha particles in cellulose nitrate dielectric films 
serves as a basis for an exposure integrating device to measure the individual worker's 
exposure to alpha particle irradiations from radon and radon daughter products in mine 
atmospheres. These films are insensitive to beta, gamma and light radiations and to alpha 
activity plated-out on its surface. Tests in mine atmospheres indicated good correlation 
between film track densities and measurements of the mine atmosphere by standard filtered 
air samples. 

272. Rock, R. L , Dalzell. a. M., Harris, E. J. 
Controlling employee exposure to alpha radiation in underground uranium mines. Volume 2 of 
tuo volumes (appendixes for the use of radon- daughter control specialists). 180 p., 1971. 

273. Rodgers, J. C. 
Radon progeny exposure measurement using lead-210. 66 p.. 10/—/74. 

274. Roessler, C. E., Kautz, R.. Bolch. U. E., Jr.. Uethinston, J. A., Jr. 

The effect of mining and land reclamation on the radiological characteristics of the 
terrestrial environment of Florida's phosphate regions. 22 p. 

ABSTRACT: Studies were performed to evaluate the extent and nature of the 
redistribution of uranium-series radioactivity in phosphate mining, reclamation and land 
development. Radium-226 was measured in waste materials that enter into land reclamation. 
ftadi'jm-226 surface soil concentrations and depth profile, soil surface radon flux and gamma 
radiation above the surface were reported for unnined and mined, reclaimed and otherwise 
altered lands. Mining, land reclamation, and construction site preparation can increase 
the near-surface soil radium and related characteristics. There is a general pattern with 
land tope. The impact uas evaluated in terms of effect on actual and potential indoor 
radon progeny concentrations in structures. It was concluded that debris lands, resulting 
from a former mining practice, represent the greatest impact on existing structures. 
However, a fraction of the lands produced by current practices may exceed criteria for 
unrestricted use i f such criteria are based on limiting predicted indoor radon progeny 
concentrations in future structures to the louer limit of the Surgeon General's Guidelines. 
Procedural modifications were identified for producing lands likely to meet criteria for 
unrestricted use. 

275. Roessler. C. E., Smith, Z. A., Bolch. W. E., Prince. R. J. 

Uranium and radium-226 in Florida phosphate materials. 
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HEALTH PHYS. 37: 269-277. G9/-/79. 
ABSTRACT: Input materials, products and by-products fro* a number of Florida 

phosphate nines and chemical plants were analyzed for Ra-226 and U-238 fay high resolution 
Sanaa spectrometry. Concentrations were distinctly loner in North Florida than in Central 
Florida, In the matrix* the two nuclides were essentially in radioactive equilibrium 
(North Florida. 8 pCi/sf Central Florida. 38 pCi/sJ. Following benefication, 
concentrations in rock product, waste clays and sand tailings were approximately 1Q0-300X. 
1002 and 10-25X. respectively, of those in the matrix. Radioactive equilibrium is 
markedly disrupted in phosphoric acid production; uranium follows the phosphoric acid while 
Ra-226 appears in the by-product gypsum (North Florida. 14 pCi/g» Central Florida, 26 
PCV/S) and also in sediments an<i scales. Amnoniated Phosphate fertilizers had relatively 
lou levels of Ra-226 but significant U-238 (North Florida. 25 pCi/gJ Central Florida. 70 
PCi/g). On the other hand, triple superphosphate had significant concentraions of both 
Ra-226 (North Floria, 12 pCi/g! Central Florida* 20 pCi/g) and U-238 (North Floiida, 26 
pCi/s: Central Florida. 56 pCi/g). In the electric furnace process, radioactivity is 
transferred to the slag (Central Florida. 61 pCi/g of each nuclide). Hithin either region, 
nearly all sample types showed a considerable range of concentrations. 

276. Rogers. V. C. 
The environmental impact of uranium nil! tailings generated between 1975 and 2030. 
TRAILS. AM. WJCL. SOC. 30= 91-92, 1978. 

ABSTRACT: The environmental impact of uranium Bill tailings generated tt- meet 
projected light-water reactor demands to the year 2030. is estimated. B Y 2030 the total 
annual population dose rate from the tailings is estimated to be 5.6 x 10(SUP)<5) iran-ren 
per year. The Nuclear Regulatory Commission is considering limiting radon exhalation from 
tailings to twice background. If implemented this would result in a reduction of the 
predicted population exposures by a factor of about 300. 

277. Rolle. R. 
Rapid working level monitoring. 

HEALTH PHYS. 22(3): 233-233, 0 3 / - / 7 2 . 

ABSTRACT: Aspects of efficient Working Level monitorins are considered in 
recommendir TOcedure* rnd instrumentation for different specifications for the total 
monitoring error. A ,ie..ible procedure of high sensitivity requiring only a single 
gross-alpha measurement and based on completely general limits of radon-daughter ratios in 
air, is presented. It is suggested that optimisation of the single gross-alpha measurement 
procedure to minimise the total monitoring error in this fashion leads to methods which 
could supplant both existing single measurement methods and those multiple measurement 
methods in which the overall error exceeds 25X of the Working Level, 

276. Rolle, R. 
Radon daughters and age of ventilation air. 
HEALTH PHYS. 23(1): 118-120, 07/-/72. 

ABSTRACT: In the vent i la t ion of uranium mines a knowledge of the d is t r i bu t ion of 
radon daughters throughout a ven t i l a t ion system i s of considerable importance. The concept 
of radioactive "age" of a i r can be valuable in estimating the re la t ive d is t r ibut ions of the 
daughters. The usefulness of th i s concept may be increased i f the deviations from usual 
d is t r ibut ions that might occur could also be determined. 

279. Roseme, G. D., Berk. J . V,» Boegel. K. L . : Halsey. H. I . , Hollotuell, C. D., Rosenfeld, A. 
H., Tur ie l , I . 

Residential ven t i l a t ion with heat recovery: Improving indoor a i r qual i ty and saving 
energy. LBL-9749 27 p.» 05/—/SO. 

ABSTRACT! Interest in conserving energy is motivating homeowners and builders to 
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reduce natural inf i l trat ion to very lou levels. This large reduction in ventilation can 
lead to indoor moisture problems and* more importantly in terns of human health, increased 
levels of indoor pollutants suth as nitrogen dioxide. formaldehyde, and radon. This paper 
report? residential a ir - iual i tY measurements conducted DY Lawrence Berkeley Laboratory and. 
specifically, discusses the use of mechanical ventilation sYstens with a i r - to-a i r heat 
exchangers as a promising wans of n l I n t u i t control. A particular advantage of this 
control strategy is that the heat exchanger permits,recovery of,a large portion of the heat 
that would nornallY be lost in a simple exhaust ventilation system, and therefore Maintains 
the energy efficientY of the house. An economic analysis is presented showing that 
installation of these systems in newly constructed hones is cost-effective in most regions 
of the country, 

280. Rundo, J . . Markun. f \ , Sha, J. V. 

Postprandial changes in the exhalation rate of radon produced in vivo. 

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

ABSTRACT: The rate of exhalation of radon by persons uith long-standing radium 
burdens increases about twofold shortly after a meal. The increase is short-lived and 
"noma!" values are regained in 1.5 to 2 hours. The effect may account in part fGr the 
poor reproducibility in estimates of the freely emanating part of the radium content. 

281. Rundo, J . , Markun. F.» Plondke. N. J. 

Observation of high concentrations of radon in certain houses. 

HEALTH PHYS. 36(6): 729-730, 0 6 / - / 7 9 . 

232. RUPP. E. M., ParzYck, D. C . Walsh, P. J . . Booth, R. S., Raridon. R. J . , Whitfield. B. L. 

Composite hazard index for assessing limiting exposures to environmental pollutants: 
Application throus'i a case study. 

ENVIRON. SCI. TECHNOL. 12(7): 302-807, 07/--/78. 

283. Rutherford, E. 

Adsorption of the radio-active efFfln&tioris by charcoal, 

NATURE (LONDON) 74(1930): 634, 10/25/06, 

284. Satterlr , J . 

Some experiments on the adsorption of radium emanation by coconut charcoal. 

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

285. Saunders, A. U., Jr.. Patterson, R, L.» Jr., Lotkhart, L. B., Jr.. Naval Research 
Laboratory. Washington. D.C, 
The filtration of particles of atomic dimensions. NRL-7047 24 p.. 05/12/70. 

ABSTRACT: Particles of atomic dimensions, as typified bY the primary decaY products 
of radon* are readily removed fron an air stream by passage through coarse fibrous filters 
or even through screens, while the radon parent is unaffected. The inverse relationship 
betafien the efficiency of removal and the air velocity indicates the diffusion is the 
mechanism primarily responsible for the deposition of these snail particles. However, if 
the particles become attached to aerosols, their collection depends both on filter 
characteristics and air velocity. These particles are readily collected on aerosol 
particles and provide a radioactive tag bY uhich aerosol or filter behavior may be studied. 
Such measurements can be extended to size ranges and concentration levels below those 
convenient for other techniques. 
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?36. Saunders. A. W.. Jr.. Patterson* R. L.. Jr., Lockhart. L. ti.i Jr., Naval Research 
Laboratory. Washington, D.C. 20390. 
The interaction of radon decaY products with aerosols. NRL-6802 24 P.I 12/31/68. 

ABSTRACT: An instrumented plastic chamber with a 1.2 cubic deters capacity has been 
constructed and used to study the stability of some submicron dioctrl phthalate (D.O.P.) 
aerosols and their interaction with the short-lived radioactive decaY products of radon 
fRn-222). The degree of attachment of the radon decay products to the D.O.P. aerosols in 
this chamber has been shown to be a function of the relative areas of the aerosol and wall 
surfaces. Ait high aerosol concentrations (E5 particles/cubic meters)* 90X or more of the 
short-lived decaY products are attached to aerosol particles. At lower aerosol 
concentrations and particularly when convection increases the availability of the walls for 
deposition the airborne radioactivity is much less. Under the proper conditions 
appreciable Quantities of unattached radon descendants will remain airborne. A feu 
preliminary studies with these "free" atoms or simple molecules have shown that theY are 
effectively retained by fibrous filters. TheY thus provide a useful tool for evaluating 
the retentivitv of filter media toward extremely small particles and for studyin? the 
mechanism of particle capture through diffusive processes. 

287. Schaefer. H. J. 
Radiation exposure in air travel. 
SCIENCE 173(3999): 730-783. 08/27/71. 

288. Scheibeli H. C . Porstendorfer, J.> Uicke, A. 
Radon absorption in a gas flow by activated charcoal. 
HEALTH PHYS. 38: 83-85, 01/-/80. 

289. Schiager. K. J.i Savignac, N. F. 
Radiation monitoring of uranium miners: A comparison of bioassay* TLD. and the Kusnetz 
determinations of current exposures. CCO-1500-21 237 p., 05/—/72. 

290. Schiaser, K. J. 

Analysis of radiation exposures on or near uranium mill tailings piles. 
RAD1AT. DATA REP. 15(71: ,411-425, 07/-/74. 

ABSTRACT: Potential radiation exposures from abandoned uranium mill tailings piles 
may be predicted in a general manner using minimal input data. If the average radium 
concentration in the tailings CRa is known, the external gamma exposure rate over the 
tailings can be estimated. The radon emanation rate can also estimated. The reduction of 
exposure rates that can be achieved by coverin9 the tailings with earth or concrete also 
are discussed. Radon progeny inhalation exposures depend upon the dispersion rate of radon 
in the atmosphere and the time available for progeny ingrowth. Meteorological data for the 
site are required for making reliable predictions of inhalation exposures. It is shown, 
however, that contributions to the average annual outdoor radon progeny concentrations 
exceeding 0.003 WL are very unlikely on or near any tailings pile. The methods used to 
analyze potential radiation exposures are illustrated by a case study on one abandoned 
tailings pile. 

291. Schiager, K. J. 
The 3R-WL air sampling working level survey meter: Calibration and evaluation progress 
report for the period May 1. 1976 - December 31. 1976. C00-2936-I 54 p., I2 / - - /76 . 

ABSTRACT: The desisn and operation of a direct-reading sampler for air-borne radon 
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prosenY are described. The instrument u s designed for use by ventilation personnel in 
uranium nines and is snalli russed, ]ight-weight and easily carried and operated. Direct 
readout of the radon progeny concentration in units of working levels, in the range of 0.01 
to 10 UL> is accomplished by counting the alpha particles fro* Po-218 and Po-214 with a 
single detector and two energy discrimination channels. Unique features include a 
fixed-volume, gravity-operated PIMP requiring no power source and minimal calibration) 
automatic decay, counting and display sequencing, capacity for more than SO samples on a 
single roll of membrane filteri and provisions for recording all data directly on the 
filter tape. For the prototype as built* calibration against the 2-count alpha 
spectroscopy method of pleasuring HL indicated an average error of less than I t in the range 
from 0.25-25 UL. However, the standard deviation of measurements made with the 3R-WL meter 
increased from Tl. above 10 HL to 717. at 0.25 ML. Sources of error and variability are 
analyzed and suggestions for improving the precision of the measurements are included. 

Schiaser, K. J. 
The 3R-WL working level survey meter. 
HEALTH PHVS. 33: 595-604, 12/-/77. 

ABSTRACT: The design and operation of a direct-reading sampler for airborne radon 
progeny are described. The instrument was designed for use by ventilation personnel in 
uranium mines and is small, russed, light-weight and easily carried and operated. Direct 
readout of the radon progeny concentration in units of working lvels, in the range of 
0.01-10 WL, is accomplished by counting the alpha particles for Po-218 and Po-214 with a 
single detector and tuo energy discrimination channels. Unique features include a 
fixed-volume, gravity-operated pump requiring no power source and minimal calibration; 
automatic delay, counting and display sequencing; capacity for more than 50 samples on a 
single roll of membrane filter; and provisions for recording all data directly on the 
filter tape. For the prototype as built, calibration against the 2-count alpha 
spectroscopy method of measuring UL indicated an average error of less than IX in the range 
from 0.25 to 25 UL. However, the standard deviation of measurements made with the 3R-UL 
meter increased from 7X above 10UL to 1V/. at 0.25 UL. Sources of error and variability are 
analyzed and suggestions for improving the precision of the measurements are included. 

293. Schroeder, G. L., Evans, R, D., Kraner, H. U. 
Effect of applied pressure on the radon characteristics of an underground mine environment. 
TRANS. SOC. MIN. ENG. AIME 235: 91-98, 03/-/66. 

294. Schroeder, C. L., Evans, R. D. 
Some basic concepts in uranium mine ventilation. 
TRANS. SOC. M N . ENG. A W E 244: 301-307, 09/—769. 

ABSTRACT: Advanced techniques for control of radon IRn) daughter product 
concentrations (working levels, HL) in the uranium mines are discussed. Understanding the 
physical laws which govern the flux of radon into a mine, the growth and decay of the radon 
daughters, and the particulate nature of the daughters when suspended in air allows 
ventilation personnel to improve the '.ualitY of mine air with no increase in ventilation 
rate. 

Schroeder, G. L. 
Falling barometer nullifies rock sealant effectiveness. 
I1IN. ENG. (N.Y.) 29(6): 38-39, Ob/-/V'. 

296. Scott, A. G., Gordon, G. U. S.-
Radon diffusion through concrete. 4 p. 
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297. StYoore, F. H.» Ryan. R. H., Corelli. J. C. 
Radon and radon daughter levels in Howe Caverns. 
HEALTH PHYS. 38: 858-85?. 05/—/80. 

298. Shapiro, M. H., MeWin, J. D., Copping, H. A.. Tombrello, T. ft.- Hhitcomb, J. H. 
Automated radon-thoron monitoring for earthquake prediction research. 15 p. 

ABSTRACT: We describe an automated instrument for earthquake prediction research 
which monitors the emission of radon and thoron frod rock. The instrument emplors aerosol 
filtration techniques and beta counting to determine radon and thoron levels; a 
programmable microcomputer which controls mechanical operations, collects data, and 
monitors condition of key components' and a call-up telemetry system for the transmission 
of data to a central location over standard telephone lines. Data from the first rear of 
operation of a field prototype suggests an annual cycle in the radon level at the site that 
is related to thermoelastic strains in the crust. Two anomalous increases in the radon 
ievel of short duration have been observed during the first year of operation. One of 
these anomalies appears to have been a precursor for a 3.1 M earthquake nearby, while the 
second may have been associated with changing hydrolosical conditions resulting fro* heavy 
rainfal1. 

299. Shapiro, M. H. 
Experimental tests of turbulent diffusion models by high-resolution gamma ray spectroscopy of radon daughters. 17 p. 

ABSTRACT: Hish-resolution sanroa-ray spectroscopy has been used to carry out two 
series of measurements of atmospheric Bi-214/Pb-214 ratios at Fullerton. CA (35 degrees 52 
feet north, 117 degrees 55 feet vest!, at a height of 20 i. In both series of measurements 
a uide range of Bi-214/Pb-214 ratios was observed including, on a number of occasions, 
abnormal ratios. Host of the abnormal ratios were associated with the advection of 
maritime air into the sampling location. The results of this work have been used to test 
the predicions of turbulent diffusion models with and without advection. 

300. Shearer. S. D., Jr., Sill, C. U. 
Evaluation of atmospheric radon in the vicinity of uranium mill tailings. 
HEALTH PHYS. 17(1): 77-88. 07/-/69. 

ABSTRACT: A f ield study is currently being concluded at Grand Junction and Durango, 
Colorado, and at Monticello and Salt Lake City. Utah, to evaluate the public health aspects 
of atmosphere Rn-222 in the vicinity of uranium tailings piles. Air is collected 
continuously for 48 hour periods from each station in order to average out diurnal 
fluctuations. The integrated sample is then analyzed for Rn-222. A total of 57 stations 
is in operation. Each station is re-sampled every three weeks for one calendar vear to 
include seasonal fluctuations and to permit a more realistic estimate of the yearly dose to 
people in the immediate vicinity. This paper presents data and conclusions from the 1 year 
study. Of the 13 stations directly over tai l ings, average radon concentrations ranged from 
3.5 pCi/Uter to 16 pCi/ l i ter . Of the 44 stations not over tail ings, onlv two averaged 
greater than 1 pCi / l i ter . The results indicate negligible radiation exposure of the 
surrounding population from this source. 

301. Shleien, B. 

The simultaneous determination of atmospheric radon by f i l t e r paper and charcoal adsorptive 
techniques. 

AM. IND. HYG. ASSOC. J. 24(2): 180-187, 0 3 / - / 6 3 . 

ABSTRACT: A method is described for the simultaneous collection of radon and i ts 
daughters from environmental air samples by a two-stase sampling device. The radon 
daughter products are separated from the a i r stream by means of a membrane f i l t e r and radon 
i tsei f is then adsorbed on activated charcoal in the sampler's second stage. Subsequent to 
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collection* radon daughter activity is measured by alpha scintillation techniques and 
saseous radon concentration is detenined by gamma spectrometry of the charcoal adsorption 
bed. Samples were taken under varying external environmental conditions* as veil as 
indoors. Results are presented comparins atmospheric radon concentrations determined by 
direct and filter paper techniques. 

302. Shreve. U. B. > wachtel, L. W.> Pelteu, G. B.> Jr. 
Air cleaning devices for reduction in [umber- of airborne bacteria. 
J. PENT. RES. 49(5): 1078-1082, 09/--/70. 

ABSTRACT: Air cleaning by electrostatic precipitation or HEPA filtration was 
evaluated for effectiveness in reducing concentrations of aerosolized Bacillus subtil is 
spores in a closed space. It was found that air deanins devices were effective as forced 
ventilation at the sane airflow rate. 

303. Silker, U. B.. Wogman, N. A.. Thomas, C. W., Carr, D. B., Heasler, P. C. 
Heasurenent of radon diffusion and exhalation fron uranium mill tailings piles. 
EtWIRON. SCI. TECHHOL. 13(8): 962-964, 03/--/79. 

ABSTRACT: The concentrations of Ra-226 and Rn-222 (Pb-214) mere measured as a 
function of depth within a uranium mill tailings pile by in situ gamma-ray spectrometry. 
Radon diffusion and exhalation rates uere determined from the concentration gradients by 
enplchns an integral solution of the diffusion equation that accomodates a nonuniform 
depth distribution of the parent 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 tuo locations uith differing soil moisture content. This method evaluates 
diffusion and exhalation parameters from radon concentration changes that have occured over 
time periods of several davs. Iti therefore* integrates short-ten* variations due to 
changes in atmospheric and meteorological conditions that would ordinarily be measured by 
methods involving surface radon collection or accumulation techniques commonly applied to 
field studies. 

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

305. Snihs* J. 0., Ehduall, H., National Institute of Radiation Protection. Facie, S-104 01 
Stockholm Sweden. 
Supervision of radon daughter exposure in nines in Sweden. SSI: 1976-023) 1976. 

306. Spitz. H, B.i Urenn, M. E.> Cohen* N. 
Diurnal variation of radon measured indoors and outdoors in Grand Junction. Colorado and 
Teanecki New Jersey and the influence that ventilation has upon the buildup of radon 
indoors, 24 p. 

ABSTRACT: "Continuous" measurements of Rn-222 were performed indoors and outdoors in 
tuo localities which differ primarily in the amount of radon source material within, under* 
and around building foundations. Grand Junction represents an area where uranium mill 
tailings have been incorporated into several residential and commercial structures. There 
is also a uranium nil! tailings pile within the boundary of the city. The radon 
concentration measured in the basement of a residential structure in Grand Junction known 
to have no uranium mill tailings within or around the foundation {i.e., a "control" house) 
was 0,9 plus or minus 0.2 pCi/liter (mean plus or minus 1 S.D. of the mean). Results of 
continuous measurements of radon in other structures in Grand Junction indicate that the 
presence of uranium mill tailinss increased the average indoor radon concentraion by at 
least a factor of tan compared to the structure without tailings. The outdoor radon 
concentration averaged 0,7 pCi/lher with a ranse of 0.3 to 1.6 pCi/liter. 

60 



307. Stehnv, A. F., Norris. W. P., Lucas, H. F., Jr., Johnston, U. H. 
A method for measuring the rate of elimination of radon in breath. 
Afl. J. ROENTGENOL., RADIUM THER. NUCL. HED. 73(51: 774-784. 05/-/55. 

ABSTRACT: Equipment and procedures are described for measuring the time rate of 
elimination of radon in exhaled air. The accuracy and sensitivity of the analysis are 
improved by sampling large volutes of exhaled air from which radon is adsorbed on charcoal. 
Iiterference uith normal breathing is negligible, because subjects breathe through large 
diameter tubing into a flexible bag from which the sample is drawn through the collection 
apparatus under a small vacuum. Sawling periods of thirty minutes'' duration are common. 
The radon is measured in a low background proportional counter or in an ionization chamber 
which is connected to an electrometer. The feasibility of extending radon analyses to 
normal body burdens of the order of E-10 gram Ra is discussed. 

308. Stein, L. 
Ionic radon solutions. 
SCIENCE 168: 362-364. 04/17/70. 

ABSTRACT: Radon is oxidized between -195 degrees and 25 degrees C by chlorine 
fluorides, bromine fluorides, iodine heptafluoride, and NiF6(2-) ion in hydrogen fluoride 
with the formation of stable solutions of radon fluoride. Electromigration studies show 
that the radon is present as cation, possibly Rn(2+) or RnFU+)» in several conducting 
solutions. 

309. Stein, L. 
Chemical methods for removing radon and radon daughters from air . 

SCIENCE 175: 1463-1465, 03/31/72. 
ABSTRACT: Liquid bromine trifluoride and the solid complexes ClF2SbF6. BrF2SbF6, 

0rF4Sb2Fll, [F4(SbF6)3, and BrF2BiF6 react spontaneously uith radon and radon daughters at 
25 degrees C, converting the radioelements to nonvolatile ions and compounds. The reagents 
can be used in gas-scrubbing units to remove radon and radon daughters from air. The 
halogen fluoride-antimony pentafluoride complexes may be suitable for purfying air in 
uranium mines and analyzing radon in air, since they have low dissociation pressures at 25 
degrees C and are less hazardous to handle than liquid halogen fluorides. 

310. Stein, L. 
Removal of radon from air by oxidation uith bromine trifluoride. 
J. INORG. NUCL. CHEH. 35: 39-43, 1973. 

ABSTRACT: An oxidation method for removing radon from air uith liquid bromine 
trifluoride uas tested with samples of ambient air containing 0.093-0.189 pCi/1 of Rn-222. 
95X of the radon was removed in a two-stage gas-scrubbing unit (20 milliliters liquid 
volume) at a flow rate of 130 nilliliters/minute. and smaller percentages mere removed at 
higher flow rates (minimum of 76% at 640 nilliliters/ninute). The possibility of purifying 
air in uranium mines uith bromine trifluoride and other oxidants is discussed. 

311. Stein, L. 
Reioval of xenon and radon from contaminated atmospheres with dioxygeny] 
hexafluoroantimonate, 02SbF6. 
WTURE (LONDON) 30-32, 05/04/73. 

312. Stein, L. 
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Atmosphere purification of radon and radon daughter elements. U.S. Patent No. 3.778.499 3 
p., 12/11/73. 

ABSTRACT: A Method for purifying an atmosphere of radon and radon daughter elements 
which H Y be contained therein by contacting the atnosphere with a fluorinating solution, 
whereby the radon and radon daughters are oxidized to their respective fluorides. The 
fluorides dissolve in the fluorinating solution and are removed from the atmosphere, which 
M Y then be recirculated. 

313. Stein. L. 
Atmosphere purification of xenon, radon & radon daughter elements. U.S. Patent No. 
3,829.551 4 P., 08/13/74. 

ABSTRACT: A method of purifying an atmosphere of xenon, radon and radon daughter 
elements by passing the atmosphere containing these elements through a reaction bed of 
dioxYseny) hexafluoroantimonate. which oxidizes the xenon, radon and radon daughter 
elements to their respective fluorides which retain in the reaction bed and are thus 
removed from the atmosphere, and recirculating the purified atmosphere. The method is also 
useful for separating the before-named elements from krypton. 

314. Steinhausler, F., Hofman. U., PohU E,, Pohl-RuUng, J. 
Local and temporal distribution pattern of radon and daughters in an urban environment and 
determination of organ dose frequency distributions with demoscopial methods. 15 p. 

ABSTRACT: In a normal urban environment inhaled radon and its decay products cause an 
important part of the human radiation burden not onW for the respiratory tract but also 
for several other organs. Heasurements of the air activity are, however, complicated by 
the fact that large local and temporal fluctuations occur outdoors and even more indoors, 
where an urban population mainly lives. In order to obtain propdr information concerning 
the dose distribution within an urban population it it necessary to use demoscopical 
methods which means to select testpersons and determine their individual mean annual doses 
for the most important organs and tissues. Ue made such a study in Salzburg town, Austria 
(150t000 inhabitants), with 729 testpersons. Fro* each of them the living activity was 
inquired, i.e. their mean times spent on the individual sleeping*, living- and working 
places and their corresponding physical activities, strongly influencing the respiratory 
minute volume and consequently the inhaled radioactivity. At all places and additionally 
also in other buildings and outdoors, annual means of the external gamma radiation as well 
as of the air content of Rn-222 and its short-lived decay products were determined. 
Because of the great short- and long-time fluctuations of the air activity we developed a 
special method to obtain significant annual mean values with a limited number of 
measurements: At five "control situations" (in different buildings) measurements were made 
once or twice a day to receive information on the temporal variations. This supplies 
correction factors for all the other sites where only grab-sampling (four tiaes a year) was 
done. RaD. Rn-220 and ThB were determined only at the control stations and outdoors. From 
all these measurements (more than 8,000) and information inquired nit calculated mean annual 
organ doses of each testperson. The doses due to cosmic radiation, 4GK and other 
radionuclides incorporated were added. Dose frequency distributions for eight organs and 
tissues are given in the paper. The range of the mean annual doses in mrem for gonads is 
only 73 to 126, amounts to 70 to 336 for the kidneys and finalW reaches 117 to 10.700 for 
the basal cells of the bronchial epithelium. 

315. Steinhausler, F. 
Long-term measurements of Rn-222, Rn-220, Pb-214, and Pb-212 concentrations in the air of 
private and public buildings and their dependence on meteorological paraneters. 
HEALTH PHYS. 29: 705-713, U/--/75. 

ABSTRACT: The concentration of Rn-222. Rn-220 and their short-lived daughter products 
were measured simultaneously inside public and private buildings in Innsbruck, Austria. 
Approximately 750 measurements were carried out with two double-filter devices* a 
single-f i l ter device and air sampling in specially designed air-bags for a period of almost 
1 year. The buildings were made out of brick, concrete, stone, and wood. At a l l test 
stations the rooms were not ventilated. The concentration data, together with 24 
meteorological variables, were used for a comprehensive regression analysis with a stepwise 
elimination of variables. I t was possible to determine those variables which account for 
the time variation of radioactivity in the air of a given (nonventiUted) room as there are 
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the changes of (a) the barometric pressure* (b) the soil temperature, 1c) the daily mean 
teverature in the open atmosphere, (d> the daily tean Hind speed) (e) the relative 
humidity, and (f) the daily range of the temperature in the open atmosphere and the 
absolute value of the vertical temperature gradient outdoors. 

316. Steinhauster. F. 
Long-term measurements of Rn-222, Rn-220. Pb-214 and Pb-212 concentrations in the air of 
private and public buildings and their dependence on meteorological parameters. 

HEALTH PHY3. 29: 705-713, 1 1 / - / 7 5 . 

ABSTRACT: The concentration of Rn-222t Rn-220 and their short-lived daughter products 
were measured simultaneously inside public and private buildings in Innsbruck, Austria. 
Approximately 750 measurements mere carried out with two double-filter devices, a 
single-f i l ter device and air sampling in specially designed air-bass for a period of almost 
1 vr. The b^ildinss were made out of brick* concrete, stone and wood. At alt tests 
stations the rooms were not ventilated. The concentration data, together with 24 
meteorological variables, were used for a comprehensive regression analysis with a stepwise 
elimination of variables. I t was possible to determine those variables which account for 
the time variation of radioactivity in the air of a given (non-ventilated) room as there 
are the changes of ta> the barometric pressure, lb) the soil temperature, (c) the daily 
mean temperature in the open atmospherei (dl the daily mean wind speed, (e) the relative 
humidity* and ( f ) the daily range of the temperature in the open atmosphere and the 
absolute value of the vertical temperature gradient outdoors. 

317. Strain, C. D., Watson, J. E.> Jr . , Fong. S. 

An evaluation of Ra-226 and Rn-222 concentrations in ground and surface water near a 
phosphate mining and manufacturing fac i l i ty . 

17:57 SYSTEM TIME CANCELLED...SYSTEM HILL REMAIN UP TONIGHT.... 

HEALTH PHYS. 37: 779-733, 1 2 / - / 7 9 . 

318. Stranden. E., Berteig, L.. Ugletveit, F. 
A study on radon in dwellings. 
HEALTH PHYS. 36(3): 413-421, 03/-/79. 

ABSTRACT: Values of the radon and radon daughter concentration in different types of 
Norwegian dwellings are reported. The mean radon concentrations found were 1.3 pCi/liter. 
2.0 pCi/liter and 1.0 pCi/liter for buildings with outer wits of uood, concrete and brick, 
respectively. An equilibrium factor of 0.5 was found to be representative for the 
dwellings. The variations of the radon concentration due to ventilation and atmospheric 
pressure were investigated by continuous measurements with an ionization chamber inside a 
room with very poor ventilation and a room with strong artificial ventilation. A daily 
decrease of 1 mmHg was found to give an increase in the radon concentration of about tS of 
the mean value. The population average dose to the bronchial epithelium from inhalation of 
radon's short-lived daughters was found to be about 220 mrad/year in Norway. 

319. Stranden. E. 
A two-count filter method for measurement of Rn-220 and Rn-222 daughters in air. 
HEALTH PHYS. 38: 73-76, 01/-/80. 

320. Stranden, E. 
Radon in dwellings and lung cancer: A discussion. 
HEALTH PHYS. 38: 301-306, 03/-/S0. 
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ABSTRACT: A discussion of the lung cancer risk associated with radon exposure inside 
dwellings is presented. The risk factors found for liners are discussed and modified 
according to the lower lean breathing rates inside dwellinss and the differences in 
atmosphere. Statistical indorsation on the luns cancer incidence in the Norwegian 
population indicates that a "doubling exposure rate" of radon daughters inside duellings 
H Y be about 2-3 ULH/vr. This corresponds to a radon concentration of about 10-15 pCi/1. 
These values are used in a discussion of the consequences of a future reduction of the 
lean ventilation rates in modern houses. 

321. Stranden. E. 
Thoron and radon daughters in different atmospheres. 
HEALTH PHYS. 38: 777-735, 05/--/8O. 

ABSTRACT: The radon and thoron daughter concentrations in different atmospheres are 
discussed in this paper. If the daughter concentratifins are expressed in UL. the 
calculations show that the thoron daughter concentration M Y well exceed the radon 
daughter concentration. This has also been verified bY a few experimental results in 
baseients. In dwelling?, lining materials on walls and floor act as a shield for the 
thoron exhalation, but even in such houses, experiments show that the thoron daughter 
concentration RAY be significant. 

322. Stringer, C. U. 
Removal of radioactive radon daughters from air. U.S. Patent No. 3,853,501 7 p., 12/10/74. 

ABSTRACT: An improved process for controlling radioactive radon daughters in the air 
in a working environment in a mine or during ore processing is described. The described 
process involving a filter for water contaminated with radon daughters is used in 
conjunction with air cleaning systems which employ water as a trap for radon daughters. 
The filer medium involves use of granular substrate which has been dried and oil-wetted 
with a normalIv-Usuid hydrocarbon material. 

323. Stromwold, D. C. 
Monitoring of the airport calibration pads at Malker Field, Grand Junction, Colorado for 
long-term radiation variations. GJBX-99(73) 35 p., 0S/--/73. 

ABSTRACT: Honitoring of radiation from the U.S. Department of Energ? Calibration Pads 
located at walker Field Airport, Grand Junction, Colorado has been initiated to detect 
possible long-term variations in the radioactive character of the pads. A Nil detector is 
being used to collect spectral data over the energy range 0.5 tteV to 3 Mev\ For the first 
7 months of the monitoring, the period covered by this report, an increase of approximately 
10 percent in the apparent uranium concentration of the pads was detected during the winter 
of 1979. This increase is attributed to radon buildup in the pads due to meteorolical 
effects. Information is also presented on the physical description of the Fads, their 
radiometric concentrations and uniformity, and the effects of rainwater on observed 
radiation. 

324. Strong, J. C . Duggan, H. J. 
The effect of the presence of thoron daughters on the measurement of radon daughter 
concentrations. 
HEALTH PHYS. 25: 299-300, 09/-/73. 

325. Strong. J. C> Dusgan, H. J. 

The effect of the presence of thoron daughters on the measurement of radon daughter 
concentrations. 

HEALTH PHYS. 25: 299-300, 0 9 / - / 7 3 . 
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326. Strong. K. P., Levins. D. M. 

Dynamic adsorption of radon on activated carbon. 

PROCEEDINGS OF THE FIFTEENTH DOE NUCLEAR AIR CLEANING CONFERENCE 627-639, 0 2 / - / 7 9 . 

ABSTRACT: The adsorption of Rn-222 fro* a i r onto activated carbon was studied over 
the ranse 0-55 degrees C. A sharp pulse of radon was injected into an air stream that 
flowed through a bed of activated carbon. The radon concentration in the exit f ro* the 
column was continuously monitored using a zinc sulfide alpha-scintillation flow ce l l . 
Elution curves were analysed to detemine the dynamic adsorption coefficient and the number 
of theoretical stages. Five types of activated carbon were tested and the dynamic 
adsorption coefficient was found to increase linearly with surface area in the range 
1000-1300 square meters/sram. The adsorptive capacity of activated carbon was reduced by 
UP to 30 per cent i f the enterini gas was saturated with water vapor and the bed was 
in i t i a l l y dry. I f the bed was allowed to equilibrate with saturated air* the adsorptive 
capacity was- too low to be of practical use. The minimum height equivalent to a 
theoretical stage (HETS) was about four times the particle diameter and occurred at 
superficial velocities within the raw* 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 application of these results to the design of activated carbon systems for radon 
retention is discussed. 

327. Subba Ramu, PL C. 

Calibration of a diffusion sanpler used for the measurement of unattached radon daughter 
products. 
ATMOS. ENVIRON. 14: 145-147. 1980. 

ABSTRACT: A diffusion sampler for the collection of unattached radon daughter 
products has been calibrated and found to have an efficiency of about 902 at a flow rate of 
1 liter/minute. Previous lower efficiencies appear to have been caused by insufficient 
precautions in excluding aerosols from the calibration svsteas. Studies show that 
diffusion samplers can conveniently be used for investigation of the formation of 
radioWtic aerosols in filtered gases and air, *r.i of the attachment of radon daushter 
atoms or ions to aerosols. 

328. Sundell, J. 

Energy vs. indoor air quality in Sweden. 7 p. 

329. SuoaeUi «.- Kahlos H. 
Studies on the elimination rate and the radiation exposure following ingestion of Rn222 
rich water. 

HEALTH PHYS. 23(5): 641-652. 11/-/72. 

ABSTRACT: Radon-222 and i ts daushter in drinking water causes a radiation dose to the 
stosach of the order of Maximum Permissible Dose i f water containing 100 nCi Rn-222/liter 
is consumed regularly. To evaluate the radiation dose in real conditions two types of 
experiments were performed with a whole-body counter. In the f i rs t series of measurements 
the elimination of Eh-214 from the body was followed in test subjects who had ingested 
radon-rich water in t single inta 1 '*. H one-componer,t exponential function with a 
bicUsital ha l f - l i f e varying from 'JO to 50 minutes s i * found to describe the elimination of 
radon. Special attertio^ was paid to the escape of radon from the water and i ts effect on 
the state of dts«=uii iorium between radon and i ts daughters after intake. In the second 
series of measuremtVcs a group of persons who had consumed radon-rich uater daily was 
studied. The daily radon intake of these persons uas estimated at 60 nCi. obtained in two 
or three portions. Fro* the results of the experiments the dose equivalent of 240-440 
mrem/microCi Rn-222 was derived and the maximum daily intake was set at 0.1 microCi fcr 
Rn-222 in drinking water. 

330. Swedjemark. G. A. 
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Radiation dose increase associated with energy conservation attributable to reduced 
ventilation. SSI: 1978-014 8 P.. 07/-/78. 

331. Saedjeaark. G. A. 
Ventilation requirements in relation to the emanation of radon fro* building aaterials. 
INDOOR CLIMATE: EFFECTS ON HUMAN COMFORT, PERFORMANCE. AND HEALTH IN RESIDENTIAL* 
COMMERCIAL, AND LIGHT-INDUSTRY BUILDINGS. PROCEEDINGS OF THE FIRST INTERNATIONAL INDOOR 
CLIMATE SYMPOSIUM.. 1979. 

SwedJewrk. G. A. 
Radioactivity in houses built of aerated concrete based on alua shale. SSI:1980-14 i p., 
02/28/80. 

ABSTRACT: The highest activities in coMionlv used Swedish building naterials are 
found in aerated concrete based on alum shite. The enhanced activity level is due to the 
high content of radiua-226. The average activity concentration of radiu»-226 varies 
between different producers of aerated concrete based on alun shale fro* 20 pCi/g '.<< 65 
pCi/g, House5 built in the saie wav with the sane amounts of aerated concrete can 
therefore have very different g a m levels and very different concentrations of radon in 
the air with the sane air exchange rate. Aerated concrete based on alut shale was used as 
a building materia] in Sweden froi 1930 to 1975. The average concentration of radon 
daughters found in houses built of aerated concrete based to a Major extent on alun shale 
is about 2.7 pCi/1. The highest radon concentrations have been found in houses built 
entireh of aerated concrete based on aiui shale. A group of 9 houses with natural draught 
ventilation systems has been investigated with regard to the concentration of radon, the 
equilibrium equivalent concentration of radon (EEC! and the gawia dose rate. The air 
exchange rates varied between the houses f-oi 0.21 to 0.43/hour and the radon concentration 
from 15 pCi/1 to 31 pCi/1. The values given are averages for each house. 

333. SuedJeiark, G. A.> National Institute of Radiation Protection. Facte S-104 01 Stockholm 
Sueden. 
Radon in dwellings in Sweden. SSI: 1978-013 24 p.. 04/—/78. 

ABSTRACT: Studies on the specific activities in building iiaterialsi the 
gamma-radiation levels in dwellings, the concentrations of radon and daughters in the air 
indoors and the concentration of radon in tap water are in progress in Sweden, On basis of 
these investigations and of the investigation of Hultqvist from the beginning of the 
1950's. an atteapt has been Made to show how the radiation doses in duellings have changed 
by human activities anu what these changes iiply in terns of collective dose. The annual 
collective absorbed dose in the basal cells of the critical bronchial region have increased 
from 11 x E3 nanGy for the occupants of dwellings existing in 1950 to 25 x E3 manGv for 
duellings existing in 1975. If the building of houses continues as at present it can be 
estimated that the annual collective dose will be between 25 and 31 x E3 aanGv for the 
dwellings of 1985. 

334. SwedJesark. G. A.» National Institute of Radiation Protection. Fade. 3-104 01 Stockholm 
Sweden. 
The ionizing radiation in dwellings related to the building naterials. SSI: 1977-004 9 p. 
, 1977. 

335. Taniguchi. H.i Vasudev. P. 
Radon and radon daughters due to natural uraniun occurrences in a rural Ontario community. 
12 P. 

ABSTRACT: The results of a survey of radon-222 and its short-lived radon daughters in 
343 hones in the rural community of March Township, near Ottawa. Canada, are reported. 
Aerial gamta-rav spectrometry carried out over the 90 ssuare kilometer area had shown the 
presence of UP to 5 ppnt uranium. The arithmetic average value of the radon daughters in 
the basement of these hones was 0.014 plus or minus 0.026 HL. Thirteen percent of the 
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holes hid radon daughter concentrations exceeding an arbitrary reference valve of 0.02 WL 
and the highest was 0.19 NL. The lost frequently observed radon gas values for the ho»s 
in this category IHS in the 5 to 10 rCi/lit«r interval. Fro» these measurements, the 
equilibrium factor between radon and its daughters ens shown to be 0.33 plus or minus 0.)9. 

334. Tanisuchi. H, 

Present practices of the Department of National Health and Welfare for the area monitoring 
of radon and daughter products. 

PROCEEDINGS OF TOE SPECIALIST MEETING ON PERSONAL DOSIMETRY WD UREA MONITORING SUITABLE 
FOR RADON AND DAUGHTER PRODUCTS. 251-25* 

337. Tanner, A. 6.. Adats, J. A. S. ted.) , Louder, U. A. led.) 

Chapter 9. Radon migration in the ground: A review. 

THE NATURAL : JIATION ENVIRONMENT. 161-190, 1964. 

338. Tappan, J. T. 

Phase II denonstration of electrostatic filtration system as a uranium mill tailings 
remedial action. 27 p., 02/09/79. 

339. Tell, ». 

Measures taken by the building authorities in order to reduce radiation risks in buildings. 
3 p., 03/06/30. 

340. Thomas, J. 

A method for calculation of the absorbed dose to the epithelium of the respiratory tract 
after inhalation of daughter products of radon 

ANN. OCCUP. HYG. 7(3): 271-284, 0 9 / - / 6 4 . 

341. Thomas, J. ",, LeClare, P. C. 

A study of the two-filter method for radon-222. 
HEALTH PHYS. 18(2): 113-122, 02/-/70. 

ABSTRACT: A basic equation for calculating radon concentration in the two-filter 
method from alpha counts of the exit f i l t e r has been developed, eliminating the need for 
calibrations. The equation takes into account the sampling time, coyoting time, flow rate 
tube length and volume, and includes a correction factor for diffusion loss in the 
tuo-f i l ter tube. An experimental confirmation of the equation was obtained over a wide 
range of variables bv comparing radon concentrations with a National Bureau of Standards 
source, when the diffusion rate of radium-A was taken to be 0.085 square centimeter/second. 
This value is considerablv higher than the values cited in the literature which- however, 
uere obtained with older radium-A atoms. Variations in relative humidity did not affect 
results in the 20-90X range. The two-fi lter method having the important advantage of 
simplicity, not rewiring specialized instrumentation or elaborate gas handling techniques, 
is also accurate as shown by the verified hasic equation developed in this work. 
Calculations have indic3 f*d that the sensitivity of the method is in the range of 0.1-10 
pCi/ l i ter of radon, depending on tube size, sampling time and counting Kme. 

342. Thomas, J. U. 

Modification of the Tsivoglou method for radon daughters in air. 
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HEALTH PHYS. 19(5): 691, U/--/70. 

343. Thomas. J. «. 
fin automated atmospheric radon sampling system. 
ATMOS. ENVIRON. 6(11: 285. 1972. 

344. Thomas. J. W. 
Measurenent of radon daughters in air . 

HEALTH PHYS. 23(6): 783-789, 12/--/72. 

ABSTRACT: A simple method for determination :f RaA, RaB and RaC has been developed 
which has a sensitivity of the order of 1 pCi/liter for each nuclide. An air sample is 
obtained and the total alpha disintegrations in three selected tide intervals after the end 
of air sampling determined. The concentration of each nuclide is then obtained from an 
equation involving the alpha disintegrations, the samp1 in? flow rate, and known numerical 
coefficients. Simple equations giving the standard deviation of the nuclide concentrations 
have also been thrived. The method was optimized for accuracy by investigating a large 
number of sampling times and counting intervals, and it is recommended that 5 minute air 
sampling be used, followed by alpha counts from 2 to 5, 6 to 20 and 21 to 30 minutes after 
the end of sampling. 

345. Thomas, J. H. 
Noble gas absorption process. U.S. Patent No, 3,890,121 9 p., 06/17/75. 

ABSTRACT: The method of removing a noble gas from ai r comprising the use of activated 
carbon f i l t e r s in stages in which absorption and desorption steps in succession are 
conducted in order to increase the capacity of the f i l t e r s . 

346. Thomas: J. W., Fisenne. I. M. 
Continuous monitoring of urban radon-222 concentrations. HASL-298 
HASL ENVIRONMENTAL QUARTERLY. I 2-1 4, 01/01/76. 

ABSTRACT: An environmental radon monitor (ERH-21 has been used to continuously 
measure variations in Rn-222 concentration in New York Citv. The average ground level 
concentration was found to be about 100 pCi/cubic meter, with verv litt'e diurnal 
variation. 

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

ABSTRACT: A system for continuous radon determination based on alpha counting has 
been developed which takes into consideration deposition of radon daughters in the radon 
detecting volume. The radon concentration is calculated from the total number of alpha 
counts obtained in successive 2000s time intervals, the detector volume and counting 
efficiency, an an experitetally determined radon daughter deposition factor. 

348. Thomas, J. W., Countess, R. J. 
Continuous radon monitor, 
HEALTH PHYS. 36(6): 734-738, 06/-/79. 

349. Thomas, J. U.> Health and Safety Laboratory. U.S. Atomic Energy Commission. New York NY 



10014. 
Measurement of radon daughters in air by alpha counting of air filters. HASL-256 24 p.. 
04/--/72. 

ABSTRACT: A siiple method for determination of Raft. RaB and RaC has been developed 
which has a sensitivity of the order of 1 pCi/Hter for each nuclide. An air sample is 
obtained and the total alpha disintegrations in three selected tine intervals after the end 
of air sampling determined. The concentrations of each nuclide is then obtained from an 
equation involving the alpha disintegrations* the sampling flow rate, and known nunerical 
coefficients. Simple equations giving the standard deviation of the nuclide concentrations 
have also been derived. The method uas optimized for accuracy by investigate a large 
number of sampling times and counting intervals* and it is recommended that 5 minute air 
sampling be used* followed by alpha counts from 2 to 5, 6 to 20* and 21 to 30 minutes after 
the end of sampling. 

350, Thomasi J. U., Health and Safety Laboratory. U.S. Atonic Energy Commission. New York NY. 
Determination of radon progeny in air from alpha activity in air samples. HASL-202 27 p., 
U / - / 6 3 . 

351. Toth, A.. Feher. I.. Novotny Lakatos, S.» Koszoros, L.. Keszthelvii B. 
Fitting normal distributions of the observed thorium* radium* emanating radium, potasium 
and emanating power data for the concretes and bricks in Hungary. 16 p. 

ABSTRACT: Natural radioactive isotope concentrations and emanation factors were 
measured on concrete and brick samples produced in different parts of Hungary. The natural 
activity parameters measured on samples produced in a given factory within a period of 1-2 
years show normal distribution at a confidence level of 0.05 in 952 of the cases. Samples 
received at different times from all the building factories under investigation (mixed 
distributions) showed about half and half normal and lognormal distributions of natural 
activity parameters at a confidence level of 0.05. Calculating uith the arithietical means 
obtained for each of the natural activities substituted into simple models it uas found 
that the radon and thoron activity is expected to increase by about 25*/! while the burden 
from external radip1"-* ** decrease by a factor of 2.3 in the new prefabricated apartments 
made of concrete : th the conventional apartments with brick walls and concrete 
ceiling. The dat. •*> the sasurements were used to establish reference levels 
for the radiolos x.a r concrete and brick produced in Hungary. 

352. loth. A. 
Determining the respiratory dosage from RaA, RaB, and RaC inhaled by the population in 
Hungary. 
HEALTH FHYS. 23: 291-289, 09/-/72. 

ABSTRACT: The report describes the determination of short-lived radon decay products 
found in unventiiated living rooms in Hungary. Altogether 841 analyses were carried out in 
14 different towns and villages of our country. In 92*/. of the investigations the rooms had 
not been aired for at least 8 hours prior to taking the air sample. The building materials 
making UP the walls and the distances of the rooms from ground level were different in our 
studies. The characteristics of the relative frequency distributions of the concentrations 
can generally be said to have been logarithmic-normal. The arithmetical average* of the 
Radium A* Radium B> and Radium C concentrations obtained through the 841 measurements were: 
3.05, 2.64, and 2.49 pCi/liter, respectively. The standard deviations of the individual 
concentration determinations with reference to the RaA-> RaB- and RaC-concentrations were: 
plus or minus 3.66, plus or minus 3.3Si plus or minus 3.27 pCi/liter, On the basis of 
these radon daughter product concentrations and of certain assumptions elaborated in the 
text, the following weighted average alpha-dose-rates were obtained for the Hungarian 
population: bronchial epithelium*. 800 mrad per annum, while for the whole of the lungs: 
120 mrad per annum. 

353. Travis, C. C> Watson, A. P., McDouell-Boyer, L. H,, Cotter* S. J. . Randolph, M. L., 
Fields, D. E. 

Natural and technologically enhanced sources of radon-222. 
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NUCL. SAF. 20(6): 722-723, 11/-/79. 

ABSTRACT: An assessment of Rn-222 releases (tuhes/ireari from major natural and 
technologically enhanced sources in the United States is presented. The resulting 
inhalation population dose commitments to the bronchial epithelium of the lung (lung-rem) 
are also estimated. The sources of radon considered are natural soil) evapotranspirationi 
potable mater supplies* building material5, natural sas> uranium mining and sailing, coal 
and phosphate mining, phosphate fer t i l izer liquefied petroleum gas. geothernal power 
fac i l i t ies coal-fired power plants, and sas and oil wells. The nost important natural 
source of Rn-222 is decay of Ra-226 in the soil and rocks of the earth's crust. This 
source results in approximately 40A of the total population dose from al l sources of radon, 
The latest technologically enhanced contributor to population dose is airborne Rn-222 in 
building interiors* which is estimated to contribute 55X to the total population exposure 
to Rn-222. Each of the other sources is estimated to contribute less than 3'/. of the total. 

354. Tremblav. R. J . . Lee I ere. A,. Townsend, M. G.. Mathieu, C. Pepin. R. 

Measurement of radon proseny concentration in air bv alpha-particle spectrometric counting 
during and after air sampling. 

HEALTH PHVS. 36(3): 401-411, 03/--/79. 

ABSTRACT: A procedure is presented for calculates air concentrations of the 
short-lived progeny of radon-222 by the use of a alpha-partide spectrometry. The 
procedurei essentialIY an extension of those of Kerr and Martzi allows the determination of 
the concentrations of RaAt RaB and RaC front one intesral alpha-count of RaA and two 
integral alpha-counts of RaC'' uith counting intervals during and/or after air sampling. A 
computer program is presented which calculates the concentrations of RaA. RaB and RaC in 
air and the accuracies in these calculated concentrations! for overlapping or 
non-overlappina counting and sampling intervals. The advantages of counting durins 
sampling are discussed and the counts compared with those taken after the termination of 
sample collection. 

355. TsivwUui £. C> Aver. H. E., Holadav. 0. A. 

Occurrence of noneiuilibriun atmospheric mixtures of radon and i ts daughters. 

NUCLEONICS 1H9): 40-45, 09/-/53. 

356. Van Bill a, M. A., Tavsum, B. H, 

Srintillation counter for assay of radon sas. 

NUCLEONICS !3(2): 68-69, 02/-/55. 

357. VivYurka. A. 

Assessment of subfloor ventilation systems. 8 P. 

353. Waller- II. I). 
Radon and its daughters products in mine atmospheres: An introduction to its occurrence, 
defection and rontrol. 
CAMBORNE SCH. MINES J. 77: 33-42, 1977. 

359. Walsh, P. J., Killough, G. G., Rohwer, P. S. 
Composite hazard index for assessing limitirj exposures to environmental pollutants: 
Formulation and derivation. 
ENVIRON. SCI. TECHNOL. 12(7): 799-602, 07/-/78. 
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ABSTRACT: A ealtulational index s.*hodology is developed for Unit ing Unan exposure 
to environnental pollutants. Hazard index is defined as Q/QU where Q is a measure of 
exposure, such as an organ's burden of a pollutant from a l l environmental pathways, and QL 
is a corresponding l i i i t that should not be exceeded because of health risk to human 
beings. Mathematical formulations relating hazard indices to environmental pollutant 
concentration are developed for each sampling medium corresponding to each effluent node. 
These fomulations are used to derive Unit ing pollutant concentrations such that the 
resultant measure of exposure wil l not exceed the health risk U n i t . Hathcmatical 
formulations for composite hazard indices for multiple pollutants are presented. 

340. Ualsh. P. J. 

Dose conversion factors for radon daughters. 
HEALTH PHYS. 36(5): 601-609, 05/--/79. 

ABSTRACT: Dose conversion factors that are consistent with present epidemiological, 
toxicolosical and theoretical evidence about radiogenic lung cancer are suggested for 
short-lived radon daughters. These dose conversion factors are based upon risk estinates 
derived fron epidemiological studies that have demonstrated an association between exposure 
of the lung to ionizing radiation and lung cancer. Various risk estimators are conpared 
including absolute risk, relative risk, percent increase in excess cases* and excess cases 
as a fraction of observed cases. The nature of risk per unit exposure as a function of 
exposure is shown to be dependent on the risk estimator used. The hYPthesis is supported 
in the range of available data. The nature of exposure response relationships at low 
exposures is uncertain because of uncertainties in individual exposure estimates. Risks 
could be overestimated or underestimated depending on the risk estimator used when 
exposures approach background exposures, especialY if background exposures are not included 
in exposure estimates. 

361. Hard. M. J.. III. Fleischer, R. L . Nogro-Campero. A. 
Barrier technique for separate measurement of radon isotopes. 
REV. SCI. INSTRUW. 4SU1): 14A0-144I. 11/--/77. 

ABSTRACT: Longer-lived radioactive isotopes of elements can be separated from a 
mixture of isotopes in passing fron one volume to a second by the use of an impropriate 
intervening barrier so that the shorter-lived isotopes decay before reaching the detector, 
The separation can most effective!? be created bY use of a membrane; a purely diffusions! 
barrier is also effective. The techniques are denonstrated in experiments with 3.3-day 
Rn-222 and 56-s Rn-220. 

362. Washington- R. A.. Chi. U.. Regan, R. 
The use of vermiculite to control dust and radon daughters in underground uranium mine air. 
TRANS. CAN. INST. KIN. METALL. 76: 52-60. 1973. 

ABSTRACT: In uranium mines, the purification of underground mine air- can be 
accomplished bY the removal of dust particles and radon daughters using filters. 
Full-scale statiscalW desisned experiments with fHu rates UP to 10*000 cfm have been 
conducted at Denison Mines Ltd. on mine air filtration with vemiculite as a filter 
material. Various filtration bed thicknesses were chosen, with different face velocities 
through each bed thickness. Results on total dust, respirable dust and radon daughter 
collection efficiencies were analysed statistically. It is shown that these collection 
efficiencies are directly related to the filter bed thickness. However, the different 
face velocities seem to affect only the collection of radon daughter. Optimum collection 
efficiencies for a clean be4 of about 30V. were found for respirable dust and radon 
daughters, and about 407. for total dust, using an 8 inch thick bed and a face velocitv of 
500 fpia. Dust build-up on the filter bed during operation led to an increase in collection 
efficiency, reaching 40 to 60X after two weeks, 

363. Werner. Jan 
Radon in Swedish buildings. 
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SUED. BUILD. RES. NEWS 197912): 1-2, 05/-/79. 

364. White. 0., Jr.. Health and Safety Laboratory. U.S. Atonic Energy Commission. New York 
Operations Office. 
An evaluation of six radon dosimeters. HASL Technical Memorandum 69-23A. 21 P.I 10/29/69. 

ABSTRACT: Six different types of dosimeter were evaluated for suitability in 
monitoring the exposures of uranium miners. All are sufficiently compact to be worn 
continuously by miners unite performing regular work. Four of the dosimeters are intended 
for the measurement of radon daughters! two sre intended for radon. The performance &f 
three of the dosimeters was fair to sood in the laboratory in a series of exposures to 
simulated uranium mine atmospheres. None of the dosimeters were satifactorv in month-'ong 
periods of actual use in two uranium mines. 

365. Whiter 0., Jr.> Health and Safety Laboratory. U.S. Atomic Energy Commission. New York 
Operations Office. 
Evaluation of MIT and ORNL radon daughter dosimeters. HflSL Technical Memorandum 70-3 28 p. 
, 07/23/70. 

ABSTRACT: Two radon daughter dosimeters designed at Massachusetts Institute of 
Technology and Oak Ridge National Laboratory, respectively, for nieasuring the exposures of 
uranium miners were tested in the laboratory and the field. In laboratory tests, responses 
of both instruments correlated well with exposures but were relatively imprecise. In 
two-week use-tests in a uranium mine, neither dosimeter gave reliable indications of 
exposure! the ORNL unit.being in error by as much as a factor of three and the MIT unit bt 
as much as a factor of thirty. The latter instruaent's poor response data are attributable 
in large part to one or more malfunctions that affected nearly every instrument during the 
field tests. Deficiencies in the air-flow systems, which were investigated in detail, 
contributed to poor performance in both instruments. Preparation and analvsis of detectors 
were performed at KIT and ORNL and hence- were not examined as possible sources of error. 

366. White. 0.. Jr.. Health and Safety Laboratory. U.S. Atonic Energy Commission. New York 
Operations Office. 
Evaluation of HOB and ORNL radon daughter dosimeters. HASL Technical Memorandum 71-17 23 
p.. 10/03/71. 

367. Wilkening. M. 
Radon transport processes below the earth's surface. 17 p. 

ABSTRACT: Processes by which Rn-222 is transported from the soi' to the earth's 
surface are reviewed. The Rn-222 formed in the earth's crust by the decay of Ra-226 is 
free to move only i? the Rn-222 atoms find their uav into soil pores and capillaries. The 
mechanisms effective in transporting Rn-222 to the surface are related to the size and 
configuration of the spaces occupied by the soil gas jhich mav vary from niolecular 
interstices to large underground caverns, The near-surface transport processes are divided 
into two categories: a microscopic one which includes molecular diffusion and viscous flow 
in fine capillaries, and macroscopic flow in fissures and channels. Molecular diffusion is 
divided into two cases, one called Knudsen diffusion where the mean free path is long 
compared with the diameter of an equivalent capillary by which the physical structure of 
the soil is approximated, and the other is ordinary bulk diffusion in the soil where the 
mean free path is short with respect to the dimensions of the pore space?. Poiseuille flow 
is a third concept useful where transport can he accomplished by laminar flow through 
capillaries where pressure gradients exist. Underground air rich in Rn-?22 can also reach 
the surface through cracks, fissures and underground channels. This type ut transport is 
demonstrated for 1) a horizontal tunnel penetrating a fractured hillside! 2) a large 
underground cave, and 3) volcanic activity. Pressure differentials having various natural 
origins and thermal gradients are shown to be responsible for the transport in these 
examples. 

368. Wilkening. M. H-
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Natural radioactivity as a tracer in the sorting- of aerosols according to mobility, 
REV. SCI. 1NSTRUM. 23(1): 13-16, 01/--/52. 

ABSTRACT: Natural radioactivity in the atmosphere is used as 4 "tracer" in the study 
of aerosol particle size distribution in the submicroscopic range. Particulate matter is 
collected bv a device which first ionizes the particles and then separates then according 
to their mobilities. The results indicate that most of tt\s natural radioactivity in the 
atmosphere attaches itself to particles having diameters in the ranse 0.001 to 0.04 micron. 
A predominant grouping of the activity occurs in the vicinity of two particle diameters! 
0.009 and 0.013 micron. The relationship between the distribution of radioactivity and the 
abundance of particles in different size ranges is discussed. 

369. Widening, fl. H., Uatkins. 0. £. 
Air exchange and 222-Rn concentrations in the Carlsbad Caverns. 
HEALTH PHYS. 31: 139-145. 0S/-/76. 

ABSTRACT: Radon 222 concentrations in th air in Carlsbad Caverns have been measured 
at different tines of the year in order to define certain features of the natural 
circulation of the cave atmosphere and \r> estimate the internal radiation exposure to 
vistors and Park Service personnel. Concentrations average 48 pCi/liter in the sumer when 
the temperature lapse rate provides a stable cave atmosphere, In the winter nonths air 
from outside having a Rn-222 concentration of onW about 0.2 pCi/liter mixes with the cave 
air reducing radon levels to about 15 pCi/liter. A simple node) obtained by equating the 
input of Rn-222 atoms from the rocks and soils of the cave's interior surfaces to the sum 
of terms for radioactive decay and dilution of the cave atmosphere bv outdoor air enables 
one to predict, for steady-state conditions, the approximate levels of activitr to be 
expected for all months of the year. If it is assumed that the short-lived daughter 
products of Rn-222 are present in eguilbrium amounts. Park Service personnel spending most 
of their time underground approach the 4 WM/vear (working level months per year) exposure 
limit established for the uranium industry. A visitor on a 3 hour trip through the Caverns 
uould receive onb a feu per cent of the exposure guides for the general population. 

370. Williams, R. H., Ross. tt. K. 
Drilling for oil and gas in our houses. 
TECHNOL. REV. 24-36. 03/--/80. 

371. Windham, S. T.i Savage, E. D., Phillips. C. R. 
The effects of home ventilation systems on indoor radon-radon daughter levels. 
EPA-520/5-77-011 24 p.. 10/-/78. 

ABSTRACT: A studv was conducted in a house in Polk County, Florida, to determine the 
effects of normal home ventilation methods on radon, radon progeny, and working levels. 
Three ventilation conditions were studied which approximate those found durins normal 
occupancy. The effects of the central air conditioner, the central blower without air 
conditioning and outside air ventilation were studied, with radon, radon progeny, and 
working level measurements made sequentially until significant changes ceased to he 
observed. In all three experiments, radon, radon progeny, and workins levels decreased. 
with the decreases corresponding to estimated increases in house ventilation rate. 

372. Wrenn, M. E., Rosen, J. C , Van Pelt, W. R. 
Steady state solutions for the diffusion equations of radon-222 daughters. 
HEALTH PHYS. 16: 647-656, 1969. 

ABSTRACT: A matherat-.cal model describing steady state diffusion of Rn-222 daughters, 
based on a uniform distnoution of radon has been developed. Solutions are generated for 
four coupled, non-homogenous differential equations satisfying the boundary conditions that 
the concentrations of all daughters vanish at the wars for cylindrical geometry. The 
solutions of these equations give the concentration of RaA, RaB. RaC a»<i RaD as a function 
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of the distance from the center of the containing vessel in terms of the diffusion 
coefficient* the radioactive decay constants* and the dimensions of the containment vessel. 
The results, integrated over the volute of the container and expressed as a fraction of the 
radon concentration. Yield parent-daughter equilbrium values for cylinders of various 
dimensions. When the cylindrical geometry is used to approximate a uranium mine tunnel 
uith a diameter of 8 feet, the model indicates that a significant parent-daughter 
disequilibrium exists using a value of the diffusion constant characteristic of unattached 
ions or atoms. Under non-static conditions, convective or turbulent mixing uould further 
decrease the daughter concentrations relative to radon due to an increase concentration 
gradient -it the wall, however, the presence of aerosols uould tend to reduce the rate of 
diffusion to the walls. 

373. Urenn. M. E.» Eisenbud. M.> Costa-Ribeiro. C . Hazle, A. J.. Siek, ft. D. 
Reduction of radon daughter concentrations in mines by rapid mixing without makeup air. 
HEALTH PHYS. 17: 405-414, L969. 

ABSTRACT: Measurements of radon daughter concentrations and their relative states of 
equilbrium were made in closed sections of two uranium nines to investigate the removal of 
radon daughters from the atmosphere by rapid mixing. Recirculation of the air within the 
enclosed space once per minute reduced the working level by a factor of 20. This reduction 
was associated uith extreme disetuilbriun among the radon daughters. The lowest ratio 
observed between Ra-A and Ra-B was 0.06. In this sample Ra-C was not measurable. The 
mechanism involved may be convective or turbulent diffusion to the walls of the mine. 
Because the atmosphere sampled became extremely clean (less than 200 particles/cubic 
centimeter measured uith a condensation nuclei counter) the diffusion constant mas probably 
that associated with free atons. The state of equilbria measured indicates that removal of 
Ra-B and Ra-C uas more efficient than that of Ra-A, probably because the Ra-B and Ra-C have 
longer mean lives. It appears that with adequate stirring it may be possible to remove 
radon daughters from mine atmospheres without the introduction of burdensome!r large 
amounts of fresh air. These results may not be applicable to atmospheres uith higher 
particle concentrations. These results strongly suggest that further research should go 
into methods of ventilation in which large amounts of makeup air are not required. 

374. Urenn, M. E., Spitz, H.» Cohen, N. 
Design of a continuous digital-output environmental radon monitor. 
IEEE TRANS. NUCL. SCI. NS-22: 645-647, 02/-/75. 

ABSTRACT: A new field instrument for the continuous measurement of radon 
concentrations has been developed to investigate the magnitude and variability c-f 
environmental levels of Rn-222. Passive diffusion of radon, but not its daughters, occurs 
through an open pore poWurethane foam into a sensitive volume where a static electric 
field directs the positively ioni2ed radon daughter products to a central collecting 
electrode. Pulses in a Zns(Ag) scintillator, resulting from the alpha emission of Po-218 
and Po-214, are observed with a photomultiplier tube and counted using standard NIH 
electronics. The detector unit has been fabricated into a small, convenient package for 
indoor air sampling without the use of ai11 movers or pumps. The unit is unobtrusive and 
acceptable into a daily routine without disrupting normal family or business activities, 
The monitor can detect as little as u." rCi/liter for a 40 minute count (alpha = .05). The 
equilibrium detection efficiency of the instrument is 0.7 cpm/pCi/liter. 

375. Wright, E. S., Couves. C. H. 
Radiation-induced carcinoma of the lung: The St. Lawr-er-ce tragedy. 
J. TMORAC. CARDIOVASC. SURG. 74(4): 495-498, 10/--/77. 

ABSTRACT: This paper reviews the problem of radiation-induced carcinoma of the 1'ing 
in the fluorspar mines of Newfoundland. Seventy-eight workers have died from this disease 
since commercial operation commenced in 1933. In 1959 the source of the radiation uas 
identified as radon> and its daughter nucleotides present as contaminants in mater seeping 
into the mines. Heavy-smoking is probably a synergistic cocarcinosen. The histology in 
this group of patients with radiation-induced lung cancer is unusua', since squamous cell 
carcinoma accounts for 90 percent of all cases. There have been four patients uith second 
primary lung cancers. Radical radiotherapy has been the primary mode of treatment based on 
the reluctance of the miners to undergo operation. Surprisingly good results have been 
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obtained with aft average survival tine of 34 months after treatment. Institution of 
improved ventilation has reduced radiation to safe 1 evils, but an estimated 120 miners froii 
the pre-1960 era are s t i l l at risk. 

376. Yashita. S., Leber, R. E. 
Searching for volatile superheavy elements, LBL-6575 
NUCLEAR SCIENCE: ANNUAL REPORT FOR THE PERIOD JULY I, I976-JJNE 30. 1977. 35-36 

377. Yeates. 0. B.> Go1 din, A. S.. Hoeller. D. H. 
Natural radiation in the urban environment. 
NUCL. SAP. 13(4): 275-286, G7/--/72. 

ABSTRACT: Natural radiation is the largest source of population dose and is iwortant 
as a base line with which radiation-protection standards may be compared. In this article 
previous work on natural background radiation levels is summarized) and some new data from 
Boston, Mass., are reported. Gamma dose rates, corrected for cosaic radiation> were 
measured with large ionization chambers: dose rates inside wooden single-family dwellings 
were 25 to 50X lower than those outside! in masonry multiple-family dwellings* they were 
about 10'/, lower. Concentrations of radon daughters in the air were leisured by predecay 
and postdecay alpha spectrometry: concentrations in dwellings were comparable with outdoor 
concentrations, but concentrations in basements were higher by a factor of about 5. 
Concentrations in office buildings were quite low, the radon daughters being removed bv the 
ventilation system. Effects of building type, construction materials, and ventilation on 
human dose are discussed, as are possible ways of reduci..3 population dose. 

378. Yuan, Y. C , Roberts, f\ J., Momeni, H. H. 
Radiological assessment methodology for uranium mills. 
TRANS. AH. NUCL. SOC. 30: 94, 1978. 

ABSTRACT: The Uranium Dispt.-sion and Dosimetry (UDAD1 computer code has been 
developed to provide estimates of potential radiation exposure to individuals and to the 
general population within a 80-1em radius of a reference mill site. The code is based on a 
model which includes as sources of radioactive releases* the ore storage pad, ore crushing 
and grinding operations, yellowcake drying and packaging and the stored mil tailings. 
Only transport through the air is considered. 

379. Zimmerman, D. W.» Rhyner, C. R.» Cameron, J. R. 
Thermal annealing effects on tne themoliwiirtesteftce of LiF. 

HEALTH PHYS. 12(4): 525-531, 04/ - - /66. 

ABSTRACT: Isothermal annealing before or after irradiation is found to have a 
definite affect upon the thermoluminescent glow curve of LiF (TUMOOl. Post-itradiatio-i 
annealing* by thermally releasing electrons from their traps, reduces the size of each peak 
in the glow curve. The two main dosimetry peaks each have a simple exponential decay 
consistent uith the model of Randall and Uilkins, indicating trap depths of 1,19 nd 1.25 
eV respectively with frequency factors between Ell and E12 s e e l . Pre-irradiatio. 
annealing at 80 degrees C for 24 hours reduces the area of the hw temperature peaks by a 
factor A* 10, while annealing at 125 degrees C> 145 degrees C or 175 degrees C for 3 hours 
reduces ihe area of the main dosimetry peaks by a factor of one and one-half-3. The rate 
of cooling from temperatures greater than about 150 degrees C affects the glow curve also. 
Rapid co(/ln3 ten times of the order of seconds increases the heights of the low 
tesperaturt. peaks UP to a factor of 4 compared to cooling in several minutes or more. 
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