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•.VASTZS ?3Q:.l THE F0P.V2H URANIUal PkZT 7ACT0S/ AT JOACHILSr:-IAl

USEI ::r DWELLINGS

J.Thcn!25",D.Drabova1,?.!Jovak';, J.Hachsi"
1) Ir.s'ifJts of Hygisne ar.d Epide~i.ol.oey ,?r9̂ .n
2) Crezical Preparation Plant,,'.'ydlcvary Czec:-::iova-ci3

Wastes resulting from the production of uranium paints in

the K.u.k. Uranfarbenfabrik at J.oachimsthal got famous as the

raw material for isolation of radium in great amounts by M.& P.

Curie in 1898. These wastes with radium concentrations UP to

500 kBp/kg were used in the past century to a great extend also

in mortars and Plasters instead of sand in dwellings at Joachims-

thal. Radiological impacts of this unintentional abuse are given.

The relations between radium concentration of the building

material, dose rate of gamma radiation, superficial radon exhala-

tion rate, rate of radon entry and radon concentration in air is

shown. The production schema of uranium paints by A.Patera is

well described but the composition of the waste is not well known

and no original sample has preserved. A chemical, petrological

and radiolo9ical reconstruction is attempted.



TODAY'S RADIOLOGICAL IMPACT OF THE RADIUM-FACTORY IN
JOACHIMSTHAL AFTER ITS PULL-DOWN IN

Spumy, Z. 5"a Perr.ico, f.
Institute of Raciat-en Dosimetry, CAS, Prague

The paper is partly a historical review of th«?

world-first. "Radius factory" in JoachimstKa 1 . partly an actual

report 01" the environmental radiation at this spot now.

After the discovery of radium element and especially ot

i t s therapy properties in ISO3,the uranium-color factory in

J oachimstH.il was converted into the radium factory. Started in

1907. this factory has produced about 1-S gr of radium element

yeariy. Until! the er.<i of i t s life-span in 1940.it was more than 25

cr of radium element. Because of the need for better economy ih

1340the Deutsches Reich authorities decided to transfer the radium

technology to Or ani enburg. 3ui 1 dings of our factory in Joachimst/w, 1

were demolished, and the whole area was reconstructed and finally

changed into a park.

Of course, the factory i t se l f .as veil as i t s surroundings.

were heavily contarr.ir.ated by rataium and uranium doughter products

that remains well ur-.^sr not very deep layer of soil . So.today this
2

Dig area C about 500 sn i provides a natural radiation field of ia

relatively high dose-rate level. Our investigation of this locality

will be oresented.



EARLY RADIOISOTOPE USES IN MEXICO

N. Segovia. A. Tejera . S. Bulbulian
ININ. Ap. Post . 18-1O27. 118O1. Mexico D. F. . Mexico.

Mexico i s t r a d i t i o n a l l l y a mining country . Around 1945.
uranium showed economic importance, a legend s t a r t e d about ceramic
pots from Oaxaca 's black mud being acquired from abroad in l a r g e
amounts because of t h e i r uranium con ten t . However. i t i s only in
1949 when a law d e c l a r e s as "na t iona l r e s e r v e s " those minera ls
con t a in ing thorium and uranium.

Mexico acceds t o the r a d i o i s o t o p e e ra i n 1955 with t he
c r e a t i o n by law of t h e National Commission of Nuclear Energy
CCNEN3 with two main a c t i v i t i e s : a t r a i n i n g program on
"Radioisotope Techniques and Nuclear I n s t r u m e n t a t i o n " and the
initiation of specialized laboratories in branches such as Nuclear
Medecine. Industrial Applications, Nuclear Research, etc.

In 1961. with the creation of a Program on Radioactive
Standards and Dilution of Radioisotopes, several standards were
imported for national use. The application of radium needles in
medecine also starts at this time.

In 1962 for the first time, a nuclear research reactor comes
to Mexico within the Cooperative Mexican - United States Atoms at
Work Exhibit. In this occasiion Tellurium was irradiated to obtain
Iodine in small amounts. By this time, specialists in Nuclear
Reactors. Nuclear Medecine and Industrial Applications were
already in Mexico after trainings and PhD obtention in
Universities and Laboratories abroad. '

In this paper a description of the 1945 - 1S7O evolution of
the medical and industrial applications of the radioisotopes
available in Mexico is given.



The Radium Dial Industries of Illinois and New Jersey: A Critical Comparison

R. M. Mullncr
Biological and Medical Research Division, Argonne National Laboratory and

the School of Public Health, University of Illinos at Chicago.

The radium dial industry of the United States was primarily concentrated in two geographic locations:
northern New Jersey (Essex County) and central Illinois (La Salic County). The industry first started in
New Jersey in the early 1910s and greatly expanded during World War I. At its height it employed over
300 workers. With the discovery of the first cases of radium poisoning in the 1920s and subsequent
litigation, the New Jersey industry began a downturn and virtually ceased to exist by 1930. In central
Illinois, the radium dial industry started in the early 1920s, and despite the occurrence of radium poisoning
cases and litigation in the late 1930s, remained in existence until the early 1970s. The two industries were
fiercely competitive, but with the demise of (he New Jersey industry, Illinois became the largest producer
of radium dials in the country. Although much has been written about the New Jersey industry, very little
has been written about that of Illinois. There have been few attempts to contrast or critically compare the
key characteristics of the two industries and their workers. The major objective of this paper is to conduct
such a comparison in terms of the corporate structure and the characteristics of the workers. Three
corporate structure variables will be examined: type of incorporation; number, type and size of plants: and
organizational structure. Four features relating to the workers will be examined: demographics (age, sex);
type and length of employment; radioisotope involved; and health effects (anemias and malignancies).

Work supporced in part by the U.S. Deparcment of Energy, Office or Epidemiology
and Health Surveillance, under contract W-31-IO9-E.VG-38.



LOCALLY MANUFACTURED INCANDESCENT GAS MANTLES THAT CONTAIN
THORIUM : SOURCE TERM. DOSES AND RISK ASSESSMENT

A. S. Pb l l ah and M. M. Rahman

Institute of Nuclear Science and Technology, AERE, Ganakbari, Savar,
GPO Box 3787, Dhaka-1000, Bangladesh

locally manufactured incandesscent gas mantles containing naturally >

occurring thorium and consisting of 11 radionuclides are widely used in

Bangladesh as an alternate source of rural illumination. Information

concerning manufacture, transport and distribution of mantles has been

obtained by conducting a survey among the domestic mantles manufacturers.

Because mantles are widely distributed and used, they are potential sources

of radiation hazards to the public. Mantles usually manufactured by soaking

a webbed fabric in a solution containing water-soluble nitrates of thoriuir

when flattened, consist of two layers of fabric that are 8 to 9 cm long

and 6 to 7 cm wide. So from the preparation and uses of gas mantles,

people may be indiscriminately exposed to radiations both externally and

internally. By a spot survey, the maximum total exposure rate of 20 >iGy/h

(gross beta part icles plus photons) is measured at the surface of a pack

of gas mantles. The photon contribution to the exposure rate is estimated

to be 1.5_uGy/h by a calibrated beta-qamna survey irater and the content

of thorium in gas mantles has been measured using a HPGe detector and

conpared with the background levels. The resulting external closes and

rjisk to workers and members of the public are also assessed in the light

of the ICRP dose limitation concept.

$



Radiation exposures conditions in milling of ores from areas

with abnormal contents of U and Th.

Jose Luiz Bacelar Leao - Comissao Nacional de Energia Nuclear (CNEN)

Lucia Helena da Costa Silva-Comissao Nacional de Energia Nuclear (CNEN

Roosevelt Rosa - Comissao Nacional de Energia Nuclear (CNEN)

As it is well known, there are some special areas in the
world subjected to high levels of radiation background due to
abnormal contents of U and Th.

when minerals are removed from these areas and processed
physically and/or chemically following conventional industry
processes, radiation fields are generated with increasing risks
to workers and populations. In most of the areas, the processing
mills are situated in urban areas.

This paper deals with the oldest of these milling units,
operating in Brazil since 1947 with the purpose of producing
mainly rare earth clorides. The raw material in this specific
case is obtained from monazite areas in Espirito Santo, and then
after some physical treatment transported to Sao Paulo
aproximately 800 Km far.

Besides the unique aspects posed for licensing process,
milling units of this types may present significant radiation
exposure patterns. For the above mentioned mill, external
radiation fileds can reach levels as high as 26 uC/Kg.h and
personal radiation dosimeters used by the workers often show
maximum individual mesured exposures of 30 mSv/y.

The paper discuss data.from the individual monitoring
program in the last 5 years of operation of this milling unit, as
well performs a review of the corrcspondinf do&e trends. These
results are correlated with WPA (Work Place Analysis) program.



Radioecological aspects of former raining activities in the Saxon Erzgebirge.

Privatdozent Dr. Gert Keller

Institut fur Biophysik

Universitatskliniken, Geb. 76

D-6650 HOMBURG/SAAR

\Earlier in the Middle Ages, rich silver occurrences were exploited very inten-

sively in the Saxon Erzgebirge. The underground miners also found out unprofit-

able ores, the so-called Pechblende, which were dumped as waste materials in the

environment. The high uranium and radium contents of these rocks prompted later

on to the discoveries of the natural radiation and Radium by Henri Becquerel and

Marie Curie respectively. In the city of Schneeberg most of the houses were

built directly on these dump materials without any insulation. Furthermore, the

whole subsoil is crossed by a system of numerous pits and adits, therefore Ra-

don gas from the soil can penetrate easily into the houses. Very high Radon-222

concentrations were determined in some houses of Schneeberg with maximum values

of about 50 kBq/m1 in the living rooms (in cellar about 200 kBq/m'). For these

indoor concentrations an estimated effective dose equivalent of about 1.2 Sv/a

may result from inhalation of short lived Radon daughters. The Radon exhalation

rates from the soil and also from the ground floors in this region increased to

values of about 1 Bq/m'-s. Mitigation methods like insulation and subsoil venti-

lation were proposed and the efficiency of the different measures -as discussed.



JOHN STEWART «acARTHUR: PIONEER RADIUM REFINER: (1856-1920).

MacArthur was born in Glasgow, Scotland, and left school at fourteen,
continuing his education in mathematics, chemistry and metallurgy until the
age of tuenty-one, at night-school. Between 1888-90, MacArthur and three
collaborators patented a process for refining gold ores based on dissolving
the metal in a -jesk solution of potassium cyanide. Their process uas to
revolutionise the world's gold industry, which uas then in a state of
terminal decline, due to inefficient refining processes.

In 1911, he began refining radium salts. MacArthur's life-long credo
uias the application of science on an industrial scale. Before 1910, radium
uas imported into 3ritain from abroad: even Cornish ores had to be exported
to Germany or "ranee for refining. In 1910, Britain's first radium refinery
uas opened by the 3ritish Radium Corporation at Limehouse in London's East
End. The following year, MacArthur opened his own small refinery at Runcorn
in Cheshire - the centre of England's growing chemical industry. He trained
a large number af .chemists at Runcorn, many of them his colleagues from
earlier years, "rsm Runcorn, he supplied radium bromide to the Glasgow and
Uest of Scotland Radium Committee, uhich had been set up to raise the money
to buy radiuni salts for medical purposes (such committees were common at
the time in -Jr-.s large cities of 3ritain and Europe). In 1915 he moved his
works to Saliccn, sn Loch Lomond-side, where he continued radium production
for medical purposes, radium fertilisers and luminous materials. He also
investigated "lining and refining uranium ores in Cornwall, and discussed
working with the Admiralty on the production of luminous materials. In
Britain, Eurccs and America, many other uses were being found for radium -
some of them cuita bizarre and dangerous. After MacArthur's death in 1920,
collaborators continued production in Scotland and Cornuall until 1930.

By today's standards, MacArthur's methods were crude, and the
radiological history of his site at 3alloch is complicated. Despite
extensive clearances of buildings and soils since 1963, the land is still
radioactive. The site uhich he used in Runcorn has never been known to any
of the regulatory authorities, and is therefore unlikely to have been
appropriately, iscontaminatad. The site has recently been identified: it is
noui a densely-sacked housing estate. Other, similar, sites no doubt also
require detail32 investigation and ppf<iMo H



BRIEF REVIEW OF RADIUM PRODUCTION AND RADIOLOGICAL CONSEQUENCES OF ABANDONED

SITIES

A. 0. Bettencourt, H. M. G. R. Teixeira

LABORATORIO NACIONAL DE ENGENHARIA E TECNOLOGIA INDUSTRIAL - Departamento de

Proteccao e Seguranca Radioldglca (DPSR) .- PORTUGAL

In this paper the authors describe the history of the exploita-
tion of radium in Portugal, since the beginning of the century. This
description is completed by a short overview on the exploitation of
radium in other countries.

The refining technologies, early used in Portugal, for the sepa
ration of radium from the ore and the preparation of the radium and
barium sulphate which was exported, are also presented.

Finally, some considerations are made on the radiological impact
of abandoned processing plants and facilities which were used for the
radium separation and abandoned, afterwards, during a period where the
consequences of radiations on the health was still very incomplete.
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.B.4.T.?.?.?....?.!?..H*n: ?e.?u.'.^s ^ro.m a fo'low-up study of therapeutical ly exposed
anky.las.iiig.spondyl.j.t.i.s. patients.

..Pf- P..:....̂ '...̂ .̂ ... GSF - Forschungszentrum fiir Umwelt und Gesundheit. Inst. f.

ie... W-8042..Neoherberg COUNTRY f..,...R.....G... T E L E X N O : .898.. 9.4.7

In this study we have been following the health of more than 1500 ankylosing
spondylitia patients collected from ail orthopaedic hospitals it) the old coun-
tries ol tha r. ?.. CeiYiuir.y Aich -si.-e >:r.;..r. to have treated r.otEbie r.̂ mtarr of
patients with Ra-224. The majority of the patients have been treated in the
years 1948-75 and most of them received one series of 10 weekly injections of
about 1 HBq of Ra-224 each. This dosage leads to a cumulative alpha-dose of
about 0.S6 Gy to the marrow-free skeleton of a 70 kg man.
The following table shows a comparison of observed and expected casts for the
exposure and control groups:

Total cancers
Stomach
Liver
Urinary System
Female Breast
Skeleton
Leukaemias

Exposure group
obs
104
14
1
7
1
3
9*

105
10.2
2.1
6.9
2.1
0.6
2.3

exp
- 123
- 12.0
- 3.1
- 9.1
- 3.4
- 2.1
- 2.4

obs
137
IS
5
8
1
1
5

Control group

151
15.6
3.3
10.5
1.9
1.7
3.3

exp
- 184
- 18.7
- 4.7
- 13.6
- 3.1
- 2.7
- 3.5

* highly significant (p<0.00Ol)

In this table we restricted our interest to those diseases which are known or
implied from a higher dose study to be associated with a former administration
of Ra-224. There is, however, in contrast to the findings in the high dose
group, no significant difference between observed and expected cases for can-
cars of sto-.ich, livei.', urinary system, or Uhe female breast neither for the
exposure nor foe the control group. Even for skeletal tumours, which in earl-
ier publications had been supposed to be elevated, there is now no longer a
distinct significancy. For the leukaemias in the exposure group the increase
is highly significant now, although subclassification of the leukaemias shows
no clear preference. In the higher dose group of the SPIESS study no increase
of leukaemias has been observed. The results reported here are now in one line
with results from animal experiments with bone seeking alpha-emitters given at
very low dose rates, lower than those found to cause bone tumours.

Supported by EUHATOM-Contract No. BI6-D-083-D
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RADON EXPOSURE OF STAFF IN GERMAN (W) BALNEOTHERAPY

Jiirgen Schmitz; Reinhard Fr i tsche Kernforschungszentrum

Karlsruhe GmbH. Hauptabteilung Sicherheit Postfach 36 40

W-7500 Karlsruhe 5

In accordance with the recommendation of ICRP publication 57 (chapter 9) a nation-

wide examination of all balneotherapeutical stations in Germany was started in 1990 in

order to get a detailed survey of possible radon exposure of staff. About 50% of the in-

stitutions are investigated so far and this already gives a reliable picture of the situa-

tion: No prediction, except in a very small number of places, can be made about the ex-

pected Radon concentrations in the individual working places Although statistical eval-

uation shows very rare remarkable dose commitments, of special interest were of

course those installations which explicitly offer balneotherapy with Radon. Detailed

measurements were performed here using Instant Working Level Meters for the mea-

suement of Radon Daughter and the Equilibrium factor. Long term variations with

time of the Radon progeny concentration were determined using continuous a-

spectrometry while passive dosimetry was applied for long term room concentrations.

In a test phase with passive personal dosemeters the effective individual exposure was

evaluated more precisely than calculated from room concentration and working time

table. Especially the continuous determinations during the balneotheratpeutical appli-

cations gave valuable hints for radiation protections measures.

Worth mentioning dose commitments were found only in 'older' installations where at

least ventilation should be improved; modern establishments with good ventilation

systems give no higher radiation exposure to workers even when higher Radon concen-

trations are applicated.
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Radiun: Poison or Panacea? A Review cf the Early Use of Radi'i.T us
an Internal Hedicine. and Discovery of its Toxicity

Claudia Clark. Emory University

Institute of the Liberal Arts
Emory University
Atlanta, Georgia 30322
USA

The presentation vill be drawn from my dissertation, "Glowing in the Dark:
the Radium Dialpainters. the Consumers' League, and the Industrial Hygiene
Hovenent in the United States, 1910-1935" (Rutgers University, January, 1991).
In part, the disseration compares responses by medical experts and grverna^nt
officials to the discovery of radium poisoning among industrial workers and
r.edical patients.

The proposed presentation fill focus on the use of radius as an internal
.-.edicine. A review cf research undertaken to discover possible medical us*-s
for radiun includes enumeration of the nany conditions for which radiue was
considered efficacious. Consideration of the institutions and individuals who
undertook this research reveals that financial dependency on radius- sai^s
biased researchers' findings.

Along with evidence of radium's beneficence, early researchers co.-pilrd
data suggesting radiun's dangers. Radius's use as an internal ai.-r.ione was
discredited once the damage done to the radius dialpain'ers by radium "'as
understood. However, it took the death of a wealthy socialite, due ro his use
cf radium medicines, for the federal government (through the Federal Trade
Commission) to regulate radium sales in over-the-counter medicines.

Still, this was more than any government had done in response to the
discovery of radiusi poisoning among the dialpainters. Also, nedical
researchers «cis more supportive of patients' efforts to provt the scarce ot
their illnesses than they had been to dialpainters' efforts, and physicians
acted as a reforming force in response to iatrogenic radium poisoning b»r
refused any such crusading role in response to industrial radiun poisoning.

Ky paper is based primarily en research in early twentieth century cedxcal
literature (and especially in journals printed by iadiua coicpani •%': underttlmu
as a Wood fallow at the College of Physicians of Philadelphia, and as a suir.-er
fellow at Argojine National Laboratory's Center for Human Radiobiolcgy.
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"ANALGETIC EFFECT AFTER THERAPY IN A RADON-SPA."

G... BERNATZKY, A.-H....GRAF. H. ..LETTNER... W...MOFMANN.. und..H-...ADAM...

Naturwissenschaftliche fakultat derUniversitat Salzburg,
Hel.lbrunnerstrafle -34, ..A-5020 Salzburg COUNTRY ..Austria

Many Patients who are treated in the thermal-gallery of Badgastein-Bockstein (Salzburg;
Austria) report about an analgetic effect during this therapy (Scheminzky, 1985). It is
hypothesized that this effect is attributed to the radioactive inert gas Radon-222 (Rn-222).
These patients have to come into this gallery up to 11 times (two hours every second
day). There are several special conditions (like high temperature and rel. humidity) at
this place: One of them is this radioactive gas Rn-222. The effect of this low dosage had
been discussed controversially in the literature. In animal experiments we could find
indications that Radon produces effects on regulatory peptides which are involved in
pain sensation (Bernatzky et al. 1990).
We have tested the pain threshold of more than 50 patients who were suffering from
Morbus Bechterew. Patients were tested before and after every therapy session with thel
Path tester MP1100 (Phywe Systeme GmbH, Gottingen). In addition, patients had to fill in
the McGill Pain Questionnaire (Melzack, 1975) and visual analog scale every day!
before and after staying in the thermal-gallery. On day 1, day 7. day 14 and the last dayi
we have taken blood samples before and after treatment in the gallery. Blood samples
were investigated (i) to measure the concentration of Rn-222 and its decay products, and
(it) to measure the concentration of some peptides like substance P. B-endorphine, ACTH,
some electrolytes and the enzyme superoxyddismutase in the serum. The long term effedl
of this therapy was also tested by the McGill Pain Questionnaire test.

. Altogether we could show that the treatment in the thermal gallery has an analgetic effect!
on more than 80 % of the tested patients: A short term effect has shown a daily increase ofl
the pain threshold after treatment. A medium term effect could be demonstrated in 75 % ofi
all patients with high significance (p<0.0005) increase of pain threshold at the last day of
their therapy in relation to the first day before treatment there. The long term effect hasi
shown that an analgetic effect lasts about half a year. We could also find correlations'
between the analgesy of patients and the concentrations of the measured substances.
We assume that Rn-222 is the most important factor in producing this analgesy.
References:
Bernatzky G., et al.: Auswirkungen niedrlg dosierter ionisierender Strahlung auf regulatorische Peptide Im
Blut und In Geweben. Z. Phys. Mod. Batn. Med. Klim.(2). 19 . 36 - 53 (19901
Melzack, R.: The McGill Pain Questionnaire: major properties and scoring methods. Pain. 1, 277-299
(1975)
Scheminzky F.:0er Thermalstollen von Badgastein-B6ckstein.496 S.. Tyrolia-Verl. GmbH. Innsbr. (1965)
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History of the Determination of Radium in Man Since 1915

J. Rundo
Biological and Medical Research Division. Argonne National Laboratory

9700 S. Cass Avenue
Argonne, IL 60439... COUNTRY IJSA

The determination of radium in man can be traced back to experiments in 1915 when volunteers were
injected with, or ingested, solutions of a radium salt, and the excreta were analysed for radium. However,
the first direct demonstrations of the presence of radium in vivo years after exposure were not reported until
I92S. by Mardand et_aL In addition to making qualitative gamma-ray tests with the electroscope, these
investigators were also able to demonstrate the presence of radon isotopes in the exhaled breath. A few
years later. Schlundt et al. repeated Manland's types of measurements with a Wulf-Hess electroscope, in
an attempe to be quantitative. They reported radium levels in six living persons based on a calibration
derived from measurements on a seventh who subsequently died and whose partial skeleton was analysed.
Data on the excretion rate of radium were published by Schlundt and Failla in 1931. The results of an
investigation by the U.S. Public Health Service of the health aspects of radium dial painting were published
in four papers in 1933. In the second of these, using similar techniques to those of Schlundt. Ives et al.
reported results for 40 subjects who showed gamma-ray results of 1 ug radium (i.e.. retained radon) or more.
There was a major improvement in sensitivity in 1937 when Evans described the use of a Geiger-MQllcr
detector and the metre-arc geometry. Not only were the results independent of variations in the distribution
of radium in the skeleton, but the method was an order of magnitude more sensitive than those that used
electroscopes, although still incapable of measuring radium at the "tolerance dose" of 0.1 ug. Ten years
later. Hess and McNiff published details of an ionization chamber method that did permit such levels to be
determined. In the early 1950s, three groups (in Sweden, England and Denmark) described the first
equipments for the assay of radioactivity in the human body that could detect the radiation from the
naturally radioactive potassium content. These used long high pressure ionization chambers. In 1955. the
introduction by Marinelli et al. of the sodium iodide crystal as gamma-ray detector, with its high detection
efficiency and spcctromctric capabilities, revolutionized the assay of radium (and all other gamma-ray
emitters) in vivo. Subsequent developments have been in the size, number and geometrical arrangements
of the detectors) in relation to the subject, and the position of the latter. These factors have, all contributed
to a steady decrease in the lower limit of detection of radium in man that was roughly exponential from
1929 to 1961. with a half-time of about 2 years.

Work supported by the U.S. Department of Energy, Office of Epidemiology and
Health Surveillance, under contract W-31-109-Eng-38.
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WHOLE BODY COUNTING HISTORY AND EVOLUTION IN BRAZIL

A.S. Paschoa, C.A. Nogueira, M.C.Lourenco,
J.L. Lipstein and O.Y. Mafra, Comisslo Nacional de Energia Nuclear, Rua
General Severiano, 90, Botafogo, Rio de Janeiro, RJ 22294, Brazil.

The first whole body counter (WBC) built in Brazil used
sugar as shielding material, and became internationally known as
the "Sugar Bowl". The year was 1965, and the place was the open
area known as the "pilotis" of the Pontificia Universidade
Cat61ica do Rio de Janeiro (PUC Rio). The main purpose of building
that first WBC was to detect, in the inhabitants of Guarapari,
then a small fishing village with a population not greater than
6,000 people, suspected long lived contamination with natural
radionuclides of the 2 3 2Th and 238U series. However, the Sugar
Bowl was also used to whole body count the workers of a gas mantle
factory. This paper will review the history behind the
construction and uses of the Sugar Bowl, as well as will present a
brief view of the basic characteristics of the subsequent WBCs
built in Brasil. A total of twelve WBCs have been built in this
country until today. After the shielding of the Sugar Bowl melted,
because of the high and continuous humidity in Rio de Janeiro in
the summer of 66/67, a mobile WBC was built, in 1967, and then
driven to Guarapari to measure the local people to avoid
transporting them over 500 km to Rio de Janeiro. Unfortunately,
electrical and electronic difficulties prevented the operators of
the mobile WBC to measure the Guarapari people near their habitat.
After that attempt, a steel room was built in the basement of PUC
Rio, in 1969. More than 100 Guarapari inhabitants were measured in
this WBC, which was also used to monitor the workers of the gas
mantle factory and PUC Rio employees, the latter for the purpose
of establishing matching counting background to subjects of a
variety of body configurations. Subsequently, a WBC based on a
scanning collimated detector was built at the Instituto de Energia
Atomica (IEA), which is today the Instituto de Pesquisas
Energeticas e Nucleares da Comissao Nacional de Energia Nuclear
(IPEN/CNEN), in Sao Paulo. In 1970 a WBC was bought and assembled
at IEA. After the Brazil-FRG nuclear agreement was signed, in
1975, seven more WBCs were either bought or built to fa.ce the
demands of the inchoative nuclear industry. The last WBC built in
Brazil was ordered by the International Atomic Energy Agency
(IAEA) to be sent to Cuba.
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THORON IN BREATH OF GUARAPARI SUBJECTS

A.S. Paschoa* and J . Pohl -Rul ing**
* Comissao Nacional de Energia Nuclear , Rua General S e v e r i a n o , 90,

Rio de J a n e i r o , RJ 22294, Braz i l
** Unive r s i t . a t S a l z b u r g , Abtei lung fur Biophysik, A5020, Sa lzburg ,

Austria

Measurements of thoron and radon in air and in the breath
of few people were made in Guarapari in the mid sixties. These
measurements were intended to estimate possible thoron exhalation
due to a source of thoron within the body. Two techniques were
used to measure thoron and radon a scintillation flask with input
and output filters, and a double filter apparatus that consisted
of a cylindrical chamber with two filters in its extremities. The
results obtained by using these two techniques were somewhat
different for thoron. The paper will review the results and will
discuss possible causes for the differences from a historical
perspective. Five people who took part in the thoron in breath
experiments were taken from Guarapari to Rio de Janeiro to be
counted in the "Sugar Bowl", a peculiar whole body counter
described somewhere else in this workshop. Body burdens in the
order of 40 Bq of thoron parents were inferred from these
measurements. A discussion of such measurements will also be
presented from an advantageous historical viewpoint. The
importance of thoron inhalation previously to whole body counting,
as well as thoron exhalation while counting will also be examined
from the same advantageous viewpoint. Results of body burdens that
decay with 2 1 2Pb 10.6 hours half life will be presented and
discussed.
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LEAKAGE^ TESTING ..OF zaeRa SOURCES BY RADON DETECTION

L.'Meavecssky-3-, I. Hunyadi*. J. Hakl3- and B.

1 "Trist'itute af Nuclear Research, Debrecen. Hungary

2." National "Oncological"Thstitufce, Budapest. Hungary

Sealed radium sources are applied even nowadays in irradiation
therapy for special treatments and maybe financial reasons delay
their changes for more favorable technique. A good many radium
sources - mostly several decades old - exist also in Hungarian
hospitals, one part is in practice but the majority is out of use.

2 2 6Ra is one of the most radiotoxic materials, which decays by
alpha particle into gaseous 222Rn (radon). This inert gas can very
easily diffuses through the smallest microscopical defects of the
sealed container and therefore the radon detection is a very
favorable tool for the leak testing have to be done from time to
time. If a sourcs lets out radon it is a warning that it may go
wrong noon, but an enhanced radon release itself is also a
potential danger for the environment.

For the leak testing of radium sources several methods have
been reported in the literature, among them also a passive method
using cellulose nitrate nuclear track detectors Cl].

In this study Hungarian made CR-39 (MA-N'D/a) and KodaJc-Pathe
cellulose nitrate (LR-115) were used to detect the alpha particles
emitted by the released radon and its short lived daughters in a
tightly closed cup. Simultaneously charcoal tablets were also
exposed and the sensitivity of the different techniques were
compared.

Solid state nuclear track detectors are suitable for the
longterm measurement of very low radon activity concentrations and
by this way they give a good possibility also for monitoring the
radon^contaaination of the room air where these intensive medical
radium sources are stored and/or handled.

Cl] L. Medveczky and L. Bozoky: Solid State Nuclear Track
Detectors, Proc. 10th Int. Conference, Lyon, 2-6 July 1979, Eds.
H. Francois et al. Pergaraon Press 1980. pp 667-672.
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RENAISSANCE OF THE HAHN EMANATION METHOD

V. Baleka I.N. Beckmanb

a) Nuclear Research Institute, 250 68 Rez, Czechoslovakia

b) Department of Radiochemistry, Moscow State University, Moscow,USSR

The historical development of the application of the Hahn

emanation method and of new emanation techniques is outlined.

It will be shown that the emanation techniques based on the

measurement of radon/thoron release from solids containing ra-

dium and/or thorium parents became a modern tool in the mate-

rial science anU technology, environment?.! <=cif»nce and techno-

logy, and in other fields.

The examples will be demonstrated of the application of

the radiometric emanation techniques in the characterization

of surfaces and microstruceture changes and solids, in the

evaluation of the reactivity of solids as well as in testing

durability of materials towards degradation or corrosion. The

examples of the diagnostics of polymer membranes and their

defect state will be given and the potential of the radiome-

tric emanation techniques in various fields of science and

industry will be outlined.
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The scientific development of a former gold mine near

3adcascein/:=Aust:ria _to the ...therapeutic facility "ThersiaL Gallery'

Johanna POHL-SULING

University of Salzburg, Division of Biophysics, Salzburg / Austria

The air in the "Thermal Gallery" (22000 c»3) has a sean radon content
of aiout 100 kBq/litre. temperatures of up to 41 C and relative humi-
dities of up to 99*. Due to this unusual conditions and the first
observations of health effects (curing of colds and rheumatic
diseases) on mine workers during world war two. the idea was bom. in
1946. to use that abandoned mine as a big radon inhalation room for
therapeutical purposes.

The history will be given of the vast and detailed
investigations, with the facilities available at that tine, of the
physical aine properties and of biophysical and basic medical effects
after imalation of the mine's atmosphere.

The physical investigations comprised, besides the variation of
tecperature and humidity with artificial and natural ventilation.
numerous point measurements of the atmospheric radon content which
contirously changed not only from site to site but also from one day
to the other. These measurcents resulted in the realization that
radon is supplied from the fissures of the rocks in dependence of
baroeetric pressure variations. FVirtheraore the relation of the
aaounts of radon to its decay products were determined for the va-
rious sites.

The biophysical investigations were e.g. solubility of radon in
biocd at high body temperatures (hypertheraia). deposition ot the
solid radon decay products on the skin and. above all. the deteraima-
tion of the dose distribution in the various tissues and organs in
anisals ire humans after inhalation of radon and its daughters.

The basic medical informations were obtained from voluntary
collaborators and patients, tentatively brought into the mine. They
included sany kinds of hematological and cardiovascular attests, as
well as observations of enhancements of mobility and personal recor-
ded pain reliefs.

Due to these studies the commercial therapeutic use could be
started 1952. Today more than 200 patients per day can be treated.

Individual assessments of personal doses according to the dose
and dose distribitution studies enabled a detailed investigation of
the non-linear dose dependence of radiation induced chrooosooe aber-
rations in the peripheral blood lymphocytes of workers entering the
aine and of persons living and working in the spa house in front of
the =:ne and in the area of 3adgastein.
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A Brief History of the American Radiura Industry

Edward R. Landa, U.S. Geological

Survey, 431 National Center, Reston, Virginia 22092 U.S.A.

Federally funded remedial action projects are presently underway

in New Jersey and Colorado at sites containing M*Ra and other

radionuclides from radium-uranium ore extraction plants that

operated during the early twentieth century. They are but the

latest chapter in the story of an American industry that emerged

and perished in the span of three decades. Major extraction

plants were established in or near Denver, Pittsburgh, and Hew

York City to process radium from ore that came largely from the

carnotite deposits of western Colorado and eastern Utah. The

staffs of these plants included some of the finest chemists and

physicists in the nation, and the highly refined radium products

found a variety of uses in medicine and industry. The discovery

of high-grade pitchblende ores in the Belgian Congo and the

subsequent opening of an extraction plant near Antwerp, Belgium,

in 1922, however, created an economic climate that put an end to

the American radium industry. The geologic, chemical, and

engineering information gathered during this era formed the basis

of the uranium industry of the later part of the century, while

the tailings and residues became one of the major environmental

problems of the same period.
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The origin and early development of the Belgian radium industry

A. Adams, State University of Ghent, Ghent, Belgium

Radium has been an important exportation product of Belgium between 1922
and the Second World War, the country being put into this favourable position
as a result of the accidental discovery in 1911 of an exceptionally rich uranium
ore in the Belgian Congo.
The uranium extraction, and the production of pure radium were monopolised
by two companies : the Union Miniere du Haut Katanga (U.M.H.K. ) , owner
of the mine, and the Societe Metallurgique de Hoboken (S.M.H), responsable
for the construction of a then hypermodern radium plant in the Campines
region close to Antwerp. Up to now, both companies keep their archival data
secret, the issue remaining of a controversial nature.
Our work was hence concerned with the study of secondary historical sources,
such as the annual reports of both companies, economic reports of the
Belgian and foreign governments and the Belgian and foreign press.

A f i rst part of this study focusses on the activities of the U.M.H.K. in the
Katanga province of the colony. For this part original archival data of the
Belgian Ministry of Colonies could be consulted.
A second part treats the actual radium production and the early history of the
plant. Here we had to rely partly on the testimonies of retired workers and on
the specialised medical press. Production and commercialisation data were
reconstructed from a detailed analysis of economic and press reports.
The special relationship between the U.M.H.K. and the S.M.H. and the efforts
to create a market for the growing production from 1922, were studied.

t
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REVIEW OF RADIUM HAZARDS AT SEVERAL NEW YORK FIRMS

R.H. P r a t t

New York State Department of Labor

One Main Street, Room.81 3
Brooklyn, New York COUNTRY U.S.A.

Radium usage in the United States reached its peak in the late
1930's and early 1940's, much of it centered in New York, in both
medical applications for cancer therapy and industrial applica-
tions largely for self-luroinous paint and static elimination.
While the production of radium shifted to Europe after 1920, the
importation of radium salts and incorporation in products
continued by various U.S. firms into the 1970's.

The New York State Labor Department's Division of Industrial
Hygiene investigated radium operations in the 1940's to evaluate
radiation hazards and made recommendations for worker protection
but these were not always followed by industry. In December 1955,
promulgation of Industrial Code Rule 38 "Radiation Protection"
set standards for external dose and air concentrations and
required that all radiation facilities be registered with the
Department. Some firms, with operations dating back to the 1930's
had major difficulties in revamping their operations to come into
compliance with these new standards. This paper will review the
Labor Department's investigations and enforcement activities
toward Code compliance for several major radium operations
involved in radium refining, reclamation, source manufacture
and radium dial painting. The summary includes review of
worker dosimetry, external exposure and air concentration data
compiled from on-site inspections and will briefly review
several autopsy reports of alleged radiation injury.
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•e Stages of Development of Radon Therapje in the USSR

Dr.rer.nat. S.V. AndreJev.
Nat. Res. Centre of Med. Renao.& Phys. Therapy. Moscow;
Dr.^er.nat. V.S. Zelenetskaya,
All-union Endocrinoi. Researcn Centre (AERG). Moscow
USSR, 121099 Moscow, Prospect Kalinina 50

Radon research in the USSR developed in several stages.
The initial stage (1902-1917) saw the search for natural radio-
active resources and irregular clinical-oiological researcn.
From 1918 to late 20-s the centralised reconnaissance of radium
deposits had been carried out and the country's own sources of
raw materials and technology had been set UP.
From early 30-s to 1941 the USSR had the detailed research on
physical-chemical properties of radon and its daughter products,
numerous clinical investigations and formed its own ideas on
the Physical basis of radon tnerapy and mechanisms of its effects.
From 1944 to mid 50-s the USSR provided the large-scale researcn
of the natural resources of radon waters, the development of its
own methods and technology of preparing the therapeutic alpna-
irradiating media, ceatian of a full-scale basis for its usage
(hundreds of cities in the USSR).
Late 50-s and 60-s saw the organisation of complex research work
(cosimetry, technology, hygiene, radiobiology, clinic and other)
on raaon therapy in the country's 10 research centres guided by
Prof.E.S.Schepotyeva (Moscow) within the framework of the single
state program.
From 70-5 till now we have Seen completing the main dosimetric
and nygienic investigations, making apparatus for preparation
ano use of radon procedures, carrying out the multidose
oiolcsical and clinical research, forming the "skin" concept of
radon oatns effects, working out technology of preparing solid-
pnase racon concentrations. Radon is being used in aviation g
technology, oil and gas reconnaissance. Firm contacts with
Western scientists and researchers are being made. J;
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Radon Levels in a Pennsylvania Dial Painting Facility {ton
Measurements by Victor Hess

James K. Stebbings and Heidi H.
Hartman , School of Public Health, The University of
Illinois at Chicago, and School of Public Health, University
of Minnesota, Minneapolis

Hidvest Epidemiology Associates, t'.O. Dox
743, Joliet, IL 60434, U.S.A.

The U.S. Radium Corporation plant in Bloomsburg, Pennsylvania, vas one
of tvo major radiua dial painting facilities in the United States in the post-
World War II era. Victor Hess, then of the Physics Department of Pordhaa
University, was responsible for whole body counting and radon breath
measurements from this plant (as veil as for numerous other saaller
facilities). His measurements, beginning in 1949 and extending through 19GC,
are available in the Fordham University archives. Included among his data
vere over 300 room air samples from the Blooasburg plant. The very limited
data from U..S. radiua workplaces in the early 1930s suggest radon levels then
averaging 1850 8q n~J. Values at 370 Bq • or lover were typical of early
1940s (World War II) workplaces in the U.S.; similar values were reported in
British luninizing facilities into the 1960s. The Bloomsburg data, in
addition to radon level and date, include information on time of day, day of
week, and location within the tvo main buildings. Average radon levels vere
in the 90 (summer) to 180 (autumn) Bq m"3 range. Values were largely similar
in 1949-1954 (170 Eq m'3) and 1955-1969 (190 Bq m 3l, but declined in the
1961 1966 period (95 Dq m ' 3 ) . Unexpectedly, afternoon average radon levels
(225 Bq m"3) were higher than morning levels (110 Bq m"3!. Differences by day
of week were not significant. Several rooms averaged above 200 Bq m"3, two
bcinq in the 550 Bq m J range: high average levels were related to radium
usage as expected. A detailed description of these data by functional acea of
the building will be presented. The few other dvaildble radon measurements
from radium vorkplaces in the United States vill be summarized in the context
of these findings.


