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WELCOME TO THE ISRAELI HEALTH PHYSICS SOCIETY 1988 MEETIHG

Welcome to the Israeli Health Physics Society's 1988
annual meeting. We celebrate the 40th anniversary of the
statehood of Israel with an independently organized, larger
than regular meeting which reflects also the growing public
interest in our field. Accordingly, our central theme for
this meeting will be

"The protection of the public from radiation hazards".

The scene in radiation protection in these yearj is
changing. The focus moves from preoccupation with t\,^
protection of occupationally exposed persons tc the
protection of the public at large. This change in attitude
is not only due to the aftereffects of the Chernobyl
accident, but also because of the recognition that the
collective dose to radiation workers represents only a
relatively small fraction of the total.

Topics affecting the exposure of the public, such as
radioactivity in food, the indooi—radon problem, the
optimization of medical exposures, emergency planning and
preparedness, receive.more and more attention. This shift in
emphasis has been demonstrated in the two recent important
international congresses on radiation protection - one of
IRPA and the other of the IAEA - held in Sydney, Australia,
last April. We shall hear summaries from these congresses
during our meeting.

The protection from harmful effects of non-ionizing
radiation <ETIR), as compared to that from the ionizing
radiation, is still in it's infancy. However, due to it's
growing use in science, medicine, industry and everyday
life, the effects of NIR have also become important. This
will be the first time that our society has included
protection from NIR in the program of it's annual meeting.

The state of radiation protection in Israel will also
be reviewed.

As customary, members of the society are given an
opportunity to present their scientific and technical work.
The book of abstracts contains these contributions.

I wish to express the society's gratitude to the
following organizations for their sponsorship and support of
the meeting:
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- the Ministry of Health
- the Israeli Atomic Energy Commission <IAEC)
- the Association for the Fight Against Cancer in Israel
- the Nuclear Research Centre - Negev <NRCN)
- the Soreq Nuclear Research Center (SNRO.

Thanks are also due to the organizing committee of
the meeting and especially to it's chairman Dr. Y. Laichter
and to the editor of these proceedings, Dr. B. Carmon.

I wish to all of us an interesting meeting and
fruitful deliberations.

Y. (j. Gonen
President of Society
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PROGRAM

KOHDAY SEPTEMBER 5, 1988

REGISTRATION AND LIGHT REFRESHMENTS
08:30 - 09:30.

OPEHIHG SESSION,
Chairman: Y. G. Gonen <NRCN)
09:30 - 11:00.

GREETIHGS by:

- Y. Lass, Director General, Ministry ol Health;

- Y. Ettinger, Director General, Israel AEC;

- Y. G. Gonen, President, Israeli Health Physics Society.

GUEST LECTURE
Marvin Goldman, University of California, U.S.A.
Global Impact of the Chernobyl Accident.
10:00.

OPENING OF THE EXHIBITION
11.00.

FIRST SESSION - RISKS FROM NON-IONIZING RADIATION - part I
Chairman: M. Yisraeli, SNRC
11: 05 - 12:00.

M. Oron, SNRC
Safety in Work with Lasers and Other Strong Light Sources.

M. Belkin, Sheba Medical Center
The Use of Video Display Units: Health Problems and Their
Solution.

LUNCH
12:00 - 13:30.

SECOND SESSION - EXPOSURE OF THE POPULATION TO NATURAL
IONIZING RADIATION
Chairman: S. Brenner, Ministry of Health
13:30 - 14;45.

T. Schlesinger, SNRC
The Radon Issue - a review.
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M. Margaliot, SNRC
2=a;Rii Levels in Northern Israel During the Summer of 1987.

A. Talmor, NRCN
Estimation of Radiation Exposure to the Population of Arad,
Following the Opening of the Sedeh-Zohar Phosphate Mine.

T. Schlesinger, SNRC
Exposure of the Public to Ionizing Radiation Due to Smoking.

THIRD SESSION - RADIATION PROTECTION IN ISRAEL
Chairman: G. Weiser, NRCN
14:45 - 15:30.

S. Brenner, Ministry of Health
Activities of the Ministry of Health for the Protection of
the Public from Radiation.

T. Schlesinger, SNRC
Activities of the Advisory Committee on Radiation
Protection, Ministry of Health.

Y. Shamai, SNRC
Occupational Exposures in Israel in 1987.

COFFEE BREAK
15: 30 - 16:00.

FOURTH SESSION - RADIATION PROTECTION, INSTRUMENTATION AND
DOSIMETRY -part I
Chairman: A. Eisenberg, Ministry of Health
16:00 - 17:30.

B. Ben-Shahar, NRCN
A Simple Model for Skin Dose Measurement.

Y. Shamai, SNRC
The Soreq Fast Neutron Personnel Dosimeter.

T. Izak-Biran, SNRC
Measurements of 3 2P Activity in Radiotoxicological Samples.

D. Skibin, NRCN
Deposition Velocity Choice for Hazards Evaluation of a
Nuclear Accident.

E. Ne'eman, Ministry of Health
The Impact of the Alara Concept on the Shielding Calculation
Policies of the Israeli Ministry of Health.
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TUESDAY, SEPTEMBER 6, 1988

FIFTH SESSIOH - REPORTS FROM THE 7TH IRPA AND IAEA
COFGRESSES, SYDNEY, AUSTRALIA, APRIL 1988
Chairman: N. Shafrir, Technion, I.T.T.
09:00 - 10:15.

1) Y. G. Gonen: Risks;

2) Y. Laichter: Natural Radioactivity, Radioactivity in
Food;

2> Y. Shamai: Instrumentation and Dosimetry;

4) T. Schlesinger: Training and Certification of Health
Physicists.

COFFEE BREAK
10:15 - 10:45.

SIXTH SESSIOH - RISKS FROM HOH-IOHIZING RADIATION - part II
Chairman: M. Belkin, Sheba Medical Center
10:45 - 11:30.

A. P, Kushelevsky, Ben Gurion University of the Negev
Ultra Violet Radiation Health Physics.

E. He'enan, Ministry of Health
Health Hazards from RF Radiation Due to the Voice of America
Transmitters in the Hegev.

General Meeting of the Israel Health Physics Society
11:30 - 12:15.

LUNCH.
12:15-13:30.

SEVEHTH SESSIOH - DEMOHSTRATIOH OF RADIATIOH PROTECTIOH
EQUIPMENT
Chairman: Y. Shamai, SNRC
13:30 - 14:30.



EIGHTH SESSION - RADIATIOH PROTECTIOH, INSTRUMENTATION AND
DOSIMBTRY, part II
Chairman: E. Nairn, NRCN
14:30 - 16:00.

E. Ne'eroan, Ministry of Health
System Analysis for Supervision on Radioisotopes Consumers
and Waste Management Including Transport Accidents Involving
Radioactive Materials.

Y. Mandelzweig, Rambam Medical Center
Fetus Protection in the Treatment of Pregnant Females Using
8 MeV Photons.

Y. Shamai, SNRC
Radioactive Fallout in Israel in 1987.

E. Ne'eman, Ministry of Health
Reevaluation of Nationwide Trend in X-Ray Exposure of
Medical Patients.

A. Kalir, Institute of Occupational Health, Sackler School,
Tel-Aviv University
Mechanism of Carcinogenicity of Benzene, - Interaction of
Benzene with Ionizing Radiation.

COFFEE BREAK.
16:00 - 16:30

PANEL DISCUSSION OF RADIATION HAZARDS AND PROTECTION
MEASURES
Led by E. Lubin, Beilinson Medical Center.

Participants:
- M. Belkin, Sheba Medical Center,
- S. Brenner, Ministry of Health,
- Y. Laichter, NRCN,
- E. Nairn, NRCN,
- T. Schlesinger, SNRC.

CLOSURE OF THE MEETING
17:30.
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Global Impact of the Chernobyl Accident

Marvin Goldman, PhD

University of California

The pattern of radioactive releases from the Chernobyl nuclear reactor

accident that began in April 1986 has been analyzed to provide estimates of

possible future health effects in exposed populations. Appropriate environ-

mental transport models were used to integrate data from affected countries

in order to estimate present and future distributions of radiation doses to

pertinent population groups. Based on the most recent risk projection method-

ology, estimates of possible increases in cancer mortality, in teratogenic

effects, and in genetic effects have been derived from these dose projections

for population groups in the USSR, the United States of America, and other

regions in the Northern Hemisphere. The significant findings are:

The Accident

• Substantial quantities of radioactive materials were released by the

violent disassembly at 1:23 a.m. (local time) on April 26th of Unit 4

of the four graphite-moderated nuclear reactors at the Chernobyl

power station. The release continued for 10 days, with most of the

radioactive material being released after the first day.

• An estimated 3 to 5% of the reactor core was released, as well as

approximately 40 to 60% of the volatile radionuclides (principally

radiocesium and radioiodine), and essentially all of the noble gases.

Immediate Medical Consequences

• Thirty-one workers and emergency personnel exposed on the reactor

site have died. Two died almost immediately from trauma or burns.

The remaining 29 died over the next 2 months from radiation effects

complicated by severe thermal and beta-radiation burns.

• Excessive exposures to radiation incurred during firefighting or

rescue actions resulted in the hospitalization of more than 200 site

personnel.



• No acute radiation sickness was found in the offsite population.

• Heroic medical measures were taken in the treatment of acute radia-
tion exposure cases, including bone marrow and liver cell transplan-
tation therapy, which was considered to be of limited effectiveness.
Platelet therapy was reported as beneficial.

Radiation Exposure Mitigation

• One hundred and thirty-five thousand Soviet citizens were evacuated
from a 30-km zone around the reactor because of high ambient radia-
tion levels.'a) About 24,000 persons (18% of this group) received
average individual doses of about 0.45 Gy.(b) The average individual
dose in the remainder was about 0.04 Gy.

• Protective actions and other dose-mitigating measures were taken by
various countries but were not of uniform effectiveness because of
disparate standards and application.

• Sheltering and evacuation of the citizens in the 30-km radius around
Chernobyl proved very effective in dose avoidance, however. Overall
utility and adverse impacts of other actions taken have not as yet
been adequately documented for evaluation.

Envi ronmental Pathways

• Three of the atmospheric models (PATRIC, MESOS and GRID) used in
Europe and the United States to analyze the distribution of radio-
active discharge plumes resulting from the continuing releases during
the first 10 days after the accident were reviewed. Subsequent
analyses based on these models are in general agreement that about

30 to 100 PBq(c) (1 to 3 million curies) of 1 3 7Cs (30-yr half-life)
were released, of which about one-third deposited in the USSR, one-
third in other European countries, and the remaining third over the
rest of the Northern Hemisphere.

(a) Revised to 116,000 evacuees (Nucl. Engr. Int'l., March 1987).
(b) 1 gray = 100 rad.
(c) 1 mi l l ion curies (MCi) = 3.7 x 10 l b Bq = 37 PBq; 1 PBq = 0.027 MCi.
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« Between 700 and 2000 PBq of 1 3 1 I (8-day radioactive hal f - l i fe) were
also released, causing measurable thyroid uptake in humans, espe-
cial ly by ingestion through the grass-cow-milk pathway.

• Almost all of the absorbed radiation doses and future dose commit-
ments to persons offsite are attributed to the radioiodine and
radiocesium that were released.

Interagency Report Comparison

In January 1987 a draft interagency report on the Chernobyl accident
(NUREG-1250) was published by the U.S. Nuclear Regulatory Commission. A
detailed comparison with this report is given in Appendix J . A total radio-
nuclide release of 1,850 PBq (50 MCi) (excluding noble gases) including 37 PBq
(1 MCi) of 137Cs, as reported by the Soviets, was given in NUREG-1250 which
also provided a range of 37 to 220 PBq (1 to 6 MCi) of 137Cs release as given
in an early Lawrence Livermore National Laboratory report. In this DOE report,
we use newer, more extensive data to give a total release estimate of
~l,902 PBq (~51.4 MCi) (again excluding noble gases) with a *37Cs release of
89 PBq (2.4 MCi) included to allow for releases into the upper atmosphere and
beyond the European portion of the USSR. This additional 52 PBq of radiocesium
results in the larger estimates of collective doses and related health effects
in the DOE report.

Radiation Exposure Estimates

• Radiation exposure estimates were made by applying source-term
estimates through environmental transport and deposition models to
various regions. In an independent analysis, direct measurements
made of external gamma-exposure rates and/or the radionuclide content
of so i l , vegetation, air and food, and of people were used to con-
struct overall exposure conditions in order to estimate committed
doses to individuals and population groups. The estimates of popu-
lation collective dose made by these approaches were in substantial
agreement. The total lifetime collective absorbed dose to the
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population of the Northern Hemisphere was estimated to be about
1.2 million person-Gy (120 million person-rad), most arising from
117
1 'Cs exposure.
The 75 million persons in the European portion of the USSR could

receive a total collective dose commitment (external plus internal)

over a lifetime of as much as 500,000 person-Gy (~50 million person-

rad), if no further protective actions were taken.

The 50-yr collective dose commitment to the population of Europe

(-400 million persons, excluding the USSR portion) is estimated to be

on the order of 600,000 person-Gy (60 million person-rad). For com-

parison purposes, this exposure, on the average, would be equivalent

to a few years' exposure to natural background radiation (i.e.,

~1 mGy or 100 mrad/yr).

The average lifetime absorbed dose commitment to individuals in

Europe and Asia (excepting the USSR portions) is estimated to be less

than 2 mGy (200 mrad). In any country within this region, the aver-

age lifetime dose commitment to an individual would be less than

4 mGy (400 mrad).

Except for certain more highly exposed groups who were near the site,

a small fraction of the 75 million persons in the European portion

of the USSR, the lifetime absorbed dose commitments to individuals

worldwide are estimated to range from 0.005 to 5 mGy (0.5 to

500 mrad). About 50% of the total lifetime dose commitment will be

received in the first year following the releases at Chernobyl.

Approximately 50% of the global dose is projected to be received by

persons with4n the Soviet Union.

Of the estimated total collective dose projected for the Northern

Hemisphere over the next 70 yr, 4% (0.05 million person-Gy) would be

received by individuals whose average dose commitments are below

0.5 mGy (50 mrad), a level approximately half of the dose from natu-

ral background over a single year. On the other hand, outside of the

heavily affected portions of the USSR, virtually all of the total



collective dose is due to average individual doses below 5 mGy
(500 mrad), received over a 70-yr period. A lifetime dose of 5 mGy
is equivalent to that received by most persons from the average
natural radiation background level of 1 mGy/y, over a 5-yr period.

Health Risk Projections

• Recent models for radiation risk analysis were used to compare
projections of possible future increases in cancer mortality in
populations exposed in the European portion of the Soviet Union and
to provide collective ranges of estimates. The results appear in
good agreement with Soviet risk estimates but suggest slightly higher
values; at the same time, the risk projection models used suggest
that additional cancer mortality may be as low as zero except,
perhaps, for the more highly exposed persons within the group of
Chernobyl evacuees.

• An updated model for projecting risks of radiation-induced cancers
was used in these analyses. This model, developed by the Harvard
School of Public Health and the Sandia National Laboratories for the
U.S. Nuclear Regulatory Commission, includes the most recent data on
organ radiosensitivity and dose response, with consolidation of
absolute and relative risk projection models and related dose-effect
models as appropriate. Overall risk projections were obtained by a
"summed site" approach wherein individual organ risks were estimated
and combined by addition.

• Based on this consolidated model, at the very low average regional
doses from Chernobyl releases (on the order of 0.005 to 5 mGy), a
lifetime overall fatal cancer risk factor of 0.023 fatal cancers per
gray (2.3 x 10"* fatal cancers per rad) was obtained. For example,,
i f 1 million persons each received 0.01 Gy (1 rad), then in their
lifetime the projected additional radiogenic fatal cancers would
range from zero to ~230. However, in the same population, about
170,000 fatal cancers are expected from spontaneous or natural causes
over a l i fetime. Annual cancer mortality rates in larger industrial-
ized countries range from ~150 to 220 cancer deaths per 100,000
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population per year; thus, in this example, the additional radiogenic

cancer estimates would fall within the variability of natural cancer

mortality experience and likely be undetectable.

• Another model was used to project possible birth defects in the form

of cases of severe mental retardation in children heavily irradiated

as fetuses during the 8th to 15th week of gestation. The risk fac-

tor used is about 0.04% cases (incidence) per mGy (0.4% per rad),

delivered to a fetus during that period of gestation. The spon-

taneous incidence is about 3 cases per 100,000 population per year.

• Genetic effects of radiation exposure have not been demonstrated in

human populations and, therefore, genetic risk estimates are highly

speculative. Serious radiation-induced genetic disorders were

projected by use of a complex model of specific disorder sensitivity

and persistence based on animal studies. The risk factor used is

about 3 x 10"3 effects per person-gray per generation (30 yr) (~3 x

10"^ per rad per generation). The spontaneous incidence is about

10.7% of all live births, or about 50,000 cases per 1 million popu-

lation per generation.

Conclusions

The estimates of potential health impacts in the Northern Hemisphere as a

result of the radioactive releases from the Chernobyl accident are given in the

following table:

Projected Chernobyl Health Impacts

Estimates of Spontaneous and Radiation-Induced Ef fects ' 1 '

USSR .Evacuees

European USSR

Asian USSR

Europt (Other)

Asil (Other)

USA

Northern
Hunt sphere

Population
(10S)

0.135<"»

75

225

400

2,600

ZZi

3,500

Collective
Lifetime Dose

(10^ person-Gy)

16

470

110

seo

27

l . t

1,200

Fata
Natural

do3)

17

9,4.00

28,000

72,000

450,000

41,000

-600,000

1 Cancer
Rati-lnduced

0.41

' l l

2.S

13

0.6

0.02

28

Severe Mental Retard.
Natural

(103)

0.013

7.2

22

3B

240

22

340

Rad-Induced
<103)

0.018 ( c )

0.27

0.06

0.33

- -

0.7

Genetic
Natural

(103)

6.9

3,900

12,000

21,000

130,000

12.000

180,000

D1sorders
Kad-Induced

(103)

0..06

0.75

0.18

0.93

0.04

—

1.9

(•) The possibi l i ty of zero health f ' fec ts at very loo doses and dose rates cannot be excluded.
(b) Recently revised by the 2oviets to 0.116.
(c) This value may be an overestimate; recent Soviet discussions indicate that pregnant women «ere evacuated

early and received average individual doses on the order of 0.5 rad.

- 14 -



The 50-yr collective absorbed dose commitment is estimated at
1.2 million person-Gy (120 million person-rad), i.e., about 1% of the
50-yr dose from natural background radiation. About 50% of the added
dose is projected to be received within the Soviet Union, 80% of
which would be received in the European portion. Virtually all of
the added dose outside the USSR would be received by individuals at
lifetime levels less than 5 mGy (500 mrad).

The number of fatal canqers due to Chernobyl could possibly increase
by as much as 0.004% over the next 70 yr. About 50% of this increase
is projected to occur within the Soviet Union. The evidence of such
an excess may never be possible to be validated because such rela-
tively small increments are statistically indistinguishable in the
face of the great variability of spontaneous cancer rates. While
excess cancer fatalities may be observed within the more heavily
irradiated groups within the USSR over the next few decades, par-
ticularly among certain groups of Chernobyl evacuees, additional
mortality is unlikely to be observed elsewhere. Estimates of excess
cancer cases, which may be as low as zero for the majority of exposed
populations, are so small that they are negligible compared to the
higher cancer mortality from natural or spontaneous causes in those
populations.

A possible increment of cases of severe mental retardation of children
irradiated as fetuses in 1986 could range up to about 700 cases in
the more heavily irradiated population groups in Europe, including
the European portion of the USSR. Some 50,000 cases might be expected
from normal causes in children born in 1986 to these populations.
While excess cases may occur among populations within or close to the
Chernobyl region (assuming that doses to pregnant women were not
minimized and that all pregnancies were allowed to go to term), they
are unlikely to be seen elsewhere because of the much higher expecta-
tion of spontaneous cases.
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A genetic disorder increment in the first generation could range
up to about a 0.001% increase. This projection is highly specu-
lative, being based on extrapolations from animal data; such effects
have not been demonstrated in humans, as noted previously. It is not
expected that the projected increment would be detected even in the
more highly exposed populations within the group of Chernobyl
evacuees.
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SAFETY IH WORK WITH LASERS AND OTHER STRONG LIGHT SODRCES

Moshe Oron

Soraq research center, Yavne Israel

A B S T R A C T

The use of lasers has increased greatly during the last twenty

years and lasers are currently used in many occupational, educational

and public situations.

There is an increasing awareness of the potential hazards erf laser

radiation to the worker as well as to the general public. The need

for formulation and enforcements of safety standards is well accepted

due to the increasing amount of serious accidents that took place in

the last years. A special conference was devoted to the subject of

laser safety in outdoor applications where few hundred cases of

serious eye damage and even blindness were presented. Here, in Israel

more than 10 serious acceidents occured in the last five years.
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The bases for the safety standards are the experimental

biophysical data on threshold injury effects, particularly to the

retina, together with theoretical modeling of the various damage

mechanisms.

In the talk the various interaction mechanisms of intense light

and eye or skin will be overviewd.

The existing lasers will be overviewed and classified,

and the exposure limits, adopted now by many countries, the Americal

National Standard Institute (ANSI) Z 136.1 (19B6) will be described.

Examples of the use of safety equipment and the selection of

protective eyewear will be given.

A list of safety publications will be presented.

REFERENCES:

1) NIRO - Nonionizing radiation in outdoor applications - Stockholm

19B7.

2) ANSI-Z-136.1-2986 Standards for the safe use of Lasers.

Source* ISRAEL STANDARD INST.
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The Use of Video Display Units:
Health Problems and their Solution

M. Bel kin and M. Rosner

Maurice and Gabriela Goldschleger Eye Research Institute
Tel-Aviv University Sackler School of Medicine

Sheba Medical Center, Tel-Hashomer, Israel

The use of Video Display Units (VDU) is rapidly increasing and it is
expected that in the not 100 distant future most of the population of developed
countries will be using VDU's to a greater or a lesser extent.

The spread of this new technology leads to fears that the VDU's cause
adverse health effects. Those worries, mainly associated with the radiation
supposedly emitted from the units were exacerbated by the appearance of actual
symptoms amongst VDU workers, especially those who use VDU's for prolonged
periods.

Although all types of electromagnetic radiation exist inside the units, no
harmful radiations, above background were measured outside modern units.
Consequently these units pose no health hazards. The ultrasound, static
electricity and magnetic fields that exist around VDU's are of no known health
consequences.

Between 45% and 93% of people who work at the VDU for prolonged periods
suffer from symptoms which are mostly eye related. These include, amongst
others, eye discomfort, blurring of vision, headaches, nausea and vomiting.
Other less frequent symptoms are associated with the musculoskeletal system.

The causes of the ocular symptoms and their solution can be divided into
five sections:

1. Design of VDU's and Work Stations: These should be constructed

according to ergonomic principles with the proper dimensions and
flexibility of the various components to suit individual demands. This
includes not only the unit itself but also the desk and chair. The
screen should be adjustable, possess antiglare surface, be of optimal
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image quality and size. The brightness contrasts between character and
background should conform to standards and the screen be flicker free.
The font and the character spacing should be of optimal dimensions. The
keyboard should also be constructed according to ergonomic principles.

2. Illumination of VDU and environment should minimize direct and indirect
glare and screen reflection by proper location of the VDU. reduction of
environmental illumination and other measures. The brightness contrasts
between the various items in the visual field should be minimized.

3. General Working Conditions. There should be a balance between worker's
need for privacy and complete enclosure. The work station should afford
at least one direction of distant vision. Temperature, humdity and
noise should be kept within standards. The workers should have 5-10 min.
break every hour and preferrably interact directly with the unit for not
more than 4 hours daily.

4. Previously undiaqnosed ocular problem which became manifest by the

severe visual tasks demanded by the VDU work. These are usually

associated with need for spectacles correction or the existance of

manifest or latent strabismus (squint). Most of these problems can be

eliminated by examining the eyes of the workers before commencing VDU

associated occupation and every two years. The examination often
results in the prescription of spectacles which are fitted specifically
according to the condition of the VDU operator's eyes and the distances
and heights of the various parts of the work station.

5. Accomodative difficulties A major ocular problem related to almost all
VDU workers is the necessity of shifting the focus of the eyes and
(accontodate) between the various objects in the work station (screen,
keyboard, paper) over 10,000 times a day. Only eyes of the young are
capable of this feat. The rest should be fitted with appropriate
spectacles to relieve the focusing mechanism of the eye from this

burden.
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The Radon Issue - A Review

T. Schlesinger and M. Margaliot

Radiation Safety Department

Soreq Nuclear Research Center, Yavneh

The exposure of the population to radon and its daughters in the

indoor environment has recently received national and international

attention and generated enormous public concern in the USA, Europe and

other western developed countries.

Radon is a naturaly occurring radioactive gas that can enter houses

from the soil beneath, from the building materials in the walls ,in

the floor and in the ceiling and via the water supply. The isotope of

main concern is radon-222, which is produced by the radioactive decay

of radium-226, a natural radioactive element contained in small

amounts in the soil and in most building raw materials.

Radon-222 decays, with a 3-8 day half life alpha particle emission,

into a series of short lived daughters which, in the end, result in

the formation of the relatively long-lived polonium-210 (138 -day

half— life). The short lived daughter series include two alpha

particle emitters, polonium-218 and polonium-214.

Radon daughters produced in the air rapidly become attached to

airborne dust. After entering the human body with the inhaled air,

they deposit the energy of the emitted alpha particles in the

bronchial and pulmonary regions of the lung. Some of the daughters are

inhaled as single ionized atoms and quickly become attached to parts

of the respiratory tract, where they deposit their alpha particles in

a similar way.
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The high LET ionizing radiation absorbed in the lung chronically, can

induce lung cancer. The USA Environmental Protection Agency estimates

that 5,000 to 20,000 lung caiijer deaths a year in the United States

may be attributable to radon and radon daughters.

In this presentation the basic physical and radiological properties of

radon and radon daughters will be reviewed. The circumstances that

influence the level of radon daughters in buildings will be described

and discussed. The basics of the radiation dosimetry of inhaled

radioactive aerosols and the practical measuring methods and

instrumentation for the determination of radon-222 and its daughters

in the the air will be presented. Data on the measured concentrations

of radon and radon daughters in the free air and in dwellings in the

USA, Europe and Israel will be reported.
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Radon-222 levels in northern Israel during summer 1987-

H. Margaliot, T. Schlesinger, 0. Even and M. Israeli.

Radiation safety department.
Soreq Nuclear Center
Yavne, Israel

Introduction:

It is generally accepted (1,2) that a substantial part (.50%) of
the natural ionizing radiation exposure of the general public results
from inhalation of radon-222 daughters. Quantitatively, this
exposure is dependent on the atmospheric radon-222 level.

In Israel, only a few radon-222 level measurements have been
conducted (in the non-populated phosphate mines region, and that, only
outdoors), and there is practically no information regarding the
radon-222 levels in the populated regions of Israel.

A preliminary series of radon-222 level measurements was
conducted in the Kinnereth region, both indoors and in free air,
during the summer of 19&7. This area was selected because it is
suspected of possesing high atmospheric radon-222 levels, since very
high (_100000 pCi/1) radon-222 levels were found in fountain water in
this region (3).

The technical details and the results of these measurements are
presented below.

Instrumentation

Atmospheric radon-222 measurement methods can be classified by
the air sampling period, ranging from differential (_10 min sampling)
via semi-integrative U 5 days sampling), to fully integrative (> one
month sampling). It is generally agreed (4,5) that the
carcinogenically significant information is derived best from the
integrative radon-222 measurements, since the carcinogenic radiation
hazards are due to long term dose accumulation.

Of the various integrative methods, the most attractive (in terms
of convenience of operation, cost and reliability) is, irrefutably,
the Nuclear Track Detector (NTD).

In this work we used NTD made of poly-ally 1-diglycol-carbonate,
known commercially as CR-39-

The NTD foils were placed in plastic cans which were capped with
air filters. A schematic description of a radon exposure can is
given in Figure 1.
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Fig 1: Radon exposure can: four NTD foils are placed in the can,
and the ambient air enters the can via a Whatman no. 42 filter, which
permits entrance of gaseous radon only.

The NTD were thus exposed from mid July to the end of October,
the season during which the radon level is expected to be maximal
(8).

The radon measurements were taken in four locations in the lower
Galilee, as shown in the map (fig 2).

The measurement sites were in the main living rooms of the ground
floor, in typical houses in this area.

In some cases, measurements were taken in free air, near these
houses

Calibration

The NTD foils were placed in the exposure cans which were
then placed for 4 hours in a 250 1 radon chamber, containing air with
a radon-222 level of 22000 pCi/1.

From tiii:. ~"T-os'ire. a calibration factor of 3.88 pits/cm was
derived for 2*t-h expobur^ to 1 pCi/1 of radon-222. It should be
noted that this calibration factor, is .eight times higher then the
one previously used for conventional poly-carbonate.
. In spite of this improvement in sensitivity, the background of the
new CR-39. is only 1.5-2 times higher than that of the conventional
polycarbonate. (For this reason , only CR—39 is presently used for
radon measurements).

The results of these measurements are presented in Table 1, with
reference to the map in Figure 2.
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Table 1

no.
in
•ap

1

2

3

Location

Tiberias
(typical house)

HaZore'im
(typical house)

Gazit
A) typical house
B) free air
C) underground

shelter

Afula (typical
house)

Exposure
duration
(days)

116

116

116
116
116

104

Number
of NTDs

10

5

10
10
10

10

Pit
density
pit/cm

<4O1±6O

185±'4O

27O±')O
2O2±'4O
48O±6O

2OO±5O

Average radon
level in ,
pCi/1 (Bq/or1)

0.9 (33)

O.k (15)
l

l

0.6 (22)
0A (15)
1.1 (41)

0.4 (15)

Figure 2: Radon measurement locations



In addition to the measurements in the north, the radon level was
measured in the Tel-aviv region, in a typical house (0.3, pCi/1- 11

Bq/nr), and the Yavneh region, outdoors (0.4 pCi/1- 15 Bq/m ).

Conclusions: The scope of the work presented here, is very
limited, but it is already apparent that the radon-222 levels found
are relatively high. [Estimates of the average global radon—222
level vary from 0.1 to 0.2 pCi/1 depending on the sources (1)].

A wider survey (intended to cover all of the 40 [9] different
natural regions of Israel) is presently under way.
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ESTIMATION OF RADIATIOH EXPOSURE TO THE PDPULATIOH OF ARAD,

FOLLOWING THE OPENING OF THE 'SEDEH-ZOHAR' PHOSPHATES MIME.

A. Talnor, Y. Laichter and G. Veiser

luclear Research Centre-Negev, P.O. Box 9001, Btser-Sheva.

Introduction

During a national survey of rock phosphate deposits in 1981,

a large and rich field was discovered in the vicinity of

Arad. This new deposit, known as 'Sedeh-Zohar', is spread

over an area of some 100 knt2 and has been estimated to

contain about 200 million tons of high quality raw material.

At the request of Negev Phosphates Ltd., an estimation of

the radiation exposure dose t,o the population of Arad, was

undertaken. This was considered necessary in view of the

mining and phosphate enrichment operations which are planned

for the area. In addition to this, a plant for the

production of phosphoric and sulfuric acid is also in the

planning stage. Rock phosphates in the Negev contain several

naturally occuring radioisotopes, mainly uranium (about 150

ppm) and traces of thorium and potassium. The mining

operation of these phophate deposits, and their subsequent

industrial use, will no doubt lead to the release of

radioactivity into the atmosphere, and some of it may reach

the city of Arad. The request to estimate the exposure dose

in the directly affected area seemed therefore more than

justified.

The average annual exposure dose from natural radioactivity

has been estimated as 2mSv <200 mrem/y). * * * In this work an

estimate is given of the additional exposure dose resulting

from the mineral exploitation of the field.
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Radiation dose to the population due to the phosphate

industry.

The activities of thorium and potassium in phosphate rocks

are. much lower than that of uranium, {2> and can therefore be

neglected in the context of this work. Among the uranium

isotopes only :2aoU and daughters will be considered, because

they can lead to an outer, as well as to an inner exposure

<see fig. 1). Excavated phosphate rocks and the various

waste products from enrichment processes, contain

significant amounts of uranium and its daughters, all of

whiph emit radiation into the immediate surrounding.

However, if the distance between the phosphate mining area

and the nearby population centers is several hundred meters

or more, then the exposure becomes insignificant. The main

radiation hazard is due to dispersion of uranium into the

environment. This occurs in several ways: Ci) from the

phosphate mineral dust produced in the mining operation,(ii>

from the radon gas emanating in the mine, and Ciii) from the

dusf carried away by winds near the excavated minerals and

from wastes lying in heaps near the excavation. The dust and

the radon gas are scattered by winds and some of this could

easily reach the inhabited areas. The outer exposure from

scattered uranium is due to its settling and accumulation on

the ground. The internal exposure is mainly the result of

inhalation and, to a minor degree, of ingestion. Internal

exposure comes from two sources: inhalation and/or ingestion

of phosphate dust containing uranium and daughters, and

inhalation of radon (222Rn) or daughters. Radon is produced

by decay of 2a<iRa <fig. 1>; it is a noble gas without any

chemical affinity to its surrounding or to its parent

nuclides. The first daughter nuclide of a=:2Rn is 21sPo,



which is a free ion with a strong tendency to .react

chemically or to be adsorbed onto various particles in its

vicinity. Assays of air samples indicated that, at full

equilibrium, only about 2-4% of =s:loPo are not chemically

bound and are present as free ions.<3> The latter"s

contribution to the exposure dose should be quite

significant, because the daughter nuclides of radon always

attach themselves to aerosols in air. During inhalation, a

large portion of the aerosols does not reach the lung, but

are retained in the nose or exhaled back into the air. All

the unbound = t oPo, on the other hand, passes completely

through the nose and reaches the symphones where it is

absorbed. The contribution of arlePo alone to the overall

exposure dose was found to be three or four times greater

than the contribution from the bound 2 2 28n daughter

nuclides, in respect to a unit of air concentration.<3>

Radiation exposure to the population of Arad due to the

Sedeh Zohar mine

The rock phosphate from Sedeh Zohar contain 150 ppm of

natural uranium, at equilibrium with its daughter nuclides.

The mining of the mineral and the subsequent processing of

the raw phosphate, produce considerable amounts of suspended

dust, containing cranium and daughter nuclides. The radon

gas, trapped in the rocks, is also released. Both, the dust

and the radon are released during the following operations:

a> the mining, crushing and grinding of the rock phosphate;

b> operation of the phosphate enriching plant and phosphoric

acid production;



c> the heaps of the 'tail' and other waste remaining from

the above operations , which contain SBaeRa concentrations

higher than the original phosphate rocks.<si The radium

decaying in these heaps constantly releases radon which in

turn emits gaama radiation.

The calculations of radiation dose to the population was

based on the following assumptions: <i> secular equilibrium

between the uranium and its daughter nuclides in the

phosphate mineral (an aggravating assumption), <ii) the

phosphate percentage in the dust was the same over Arad as

at the mining site, and (iii) all the mined rock phosphate

released the radon trapped inside. The main sources of

radiation and their estimated contribution to the equivalent

effective annual dose to inhabitants of Arad are summarized

in table 1.

It should be noted that the 70 /iSv/y <7 mren/y) which were

obtained are significantly higher than the real value. The

contributions of uranium, thorium and radium in the

suspended dust are about 57 uSv/y (.5,7 rnrem/y) of the

overall dose. This value was obtained, assuming a 30 to

100-microns diameter of the dust particles which can reach

the lung. However in general, the diameter of inhaled

particles is considered to be 10 M or less. It was also

assumed that the three above mentioned radionuclides (U, Yh,

Ka> behave inside the human body like pure aerosols, but

actually they are part of the dust particle matrices. A

large portion of their a-partlcles is adsorbed in the

material and cannot reach the vital organs in the body.
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Conclusions

The natural background radiation in Arad is at least as high

as the overall world average value of 2000 jiSv/y <200

mrein/y), which includes all possible internal and external

exposures. The overall addition of 70 pSv/y C7 mrem/y> to

the population of Arad, due to the operation of the raining

facility at Sedeh Zohar, would constitute only about 3.5%

more background radiation; this value is within the range of

regional fluctuations in the natural background.
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Table 1. - radiation sources and overall equivalent

effective doses to the population of Arad.

1

I radiation source

1
i

1
1 radon In suspended dust
1 uranium in suspended dust

I thorium In suspended dust

1 radium in suspended dust

1 radon from mining operation

1 radon from waste & rock heaps

iexternal radiation doses

i |
1 1
1 summarized |

i

equivalent

pSv/y

0.002

12.000

4.500

0.400

12.000

-
—

69.400

effective dose

(mrem/y) 1

(2x10-*) |

(1.200) 1

(0.450) |

(0.040> |

(1.200) |

I

— 1

(6.9400) |

Fig. 1 - The decay scheme of

L'ror

•i.t*
(u:
iCy
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)
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Exposure of The Public to Ionizing Radiation Due to Smoking

T. Schlesinger, M. Margaliot and Y. Shamai

Soreq Nuclear Research Center, Yavneh

and

A. Eisenberg

Israel Ministry of Health, Jerusalem

There is substantial epidemiological evidence that links tobacco

smoking with lung cancer (1-5). The age adjusted annual death rate

from lung cancer among males in some developed countries according to

the data published by the American Cancer Society (for the years

1972-1973) reached about '49/100,000 in the USA, 7^/100,000 in England

and Wales and 84/100,000 in Scotland (6). In Israel the rate for the

years 1967-1971 was 29.4/100,000 (7). More than 85% of the lung cancer

morbidity throughout the world is believed to be caused by smoking.

A large number of chemicals classed as carcinogens have been

identified in the gaseous and particulate constituents of

tobacco smoke.A recent IARC-WHO monograph presents an

exhaustive list of compounds identified up to now (8). It is

difficult ,if not impossible,to calculate a risk estimate for a

particular substance or group of chemicals found in tobacco

smoke because "one nees to consider that the carcinogenic

potential of tobacco smoke is a composite effect of -tumor

initiators, tumor promoters or carcinogens and organ specific

carcinogens" (9) •

In view of the wide interest, in the last decade, in radon and its

short-lived alpha-emitting daughters as a possible cause of a

significant part of the lung cancer morbidity (10), it may be timely

to discuss again the role of radioactive alpha emitters in tobacco
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smoke as another factor that contributes to the induction of lung

cancer among active and passive smokers. Indeed, in 1982, in a letter

to the editor, Winters and Di Franza (11) raised this question and

claimed that the absence of research into the role of radioactive

components of cigarette smoke is "conspicuous". They suggested that

the radiation dose to the bronchial epithelium of a person smoking one

and one-half packs of cigarettes a day is 8000 mRem per year. They did

not give details on the way this dose equivalent was calculated.

This letter caused a wave of controversial reactions expressed in a

series of letters to the editor which were published in the same

journal half a year later (12).

Some of the authors (e.g. Martell, Wagner (12)) participating in the

above dispute supported Winters and Di Franza and claimed that Po
210

and Pb, which are present in significant activities in tobacco and

in cigarette smoke, are responsible for at least part of the lung

cancer morbidity among smokers. Without going into details of the dose

calculations, they stated that the lifetime cumulative alpha dose

equivalent to the bronchial epithelium of a person who smokes two

packs of cigarettes or more a day may reach a few hundred rems or even

up to 1600 Rem-(Martell, ibid.). (Using a weighting factor of G.06 for

the bronchial epithelium and a risk factor of 10 /Rem, such a dose

can irduce lung cancer in about 1% of the population.)

These very high dose equivalents were derived by microdosimetric
210

calculations based on high concentrations of Po found on single

bronchial bifurcations by Little and co-workers (13).

Almost 20 years earlier Radford and Hunt assesed the dose equivalent

to the bronchial epithelium of smokers to be of the order of a few

hundred to more than 1000 Rems over a period of 25 years (14).

Others (e.g. Cohen, Kill, (12)) claimed that lung cancer risk

evaluation in connection with smoking should be based on the average

dose equivalent to the tissue at risk and not on the dose equivalent

to a limited number of "hot" particles. From experimental

determination of the amount and microdistribution of the alpha
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activity in the lungs of smokers they could conclude that the average

dose equivalent to the basal cells of the bronchial epithelium range

between only 2 and ^0 mRem/year. The effective dose equivalent will

then be at most 5 mRem/y taking a weighting factor of .12, or only 2.5

mRem/y for a weighting factor of .06.

In view of the extensive efforts by the International Commission on

Radiological Protection in recent years in the dosimetry of internal

emitters and in particular in the dosimetry of radon and radon

daughters, it seems appropriate to try to calculate the organ dose

equivalent and the effective dose equivalent to smokers due to alpha

emitters in cigarette smoke, using the recent ICRP model of the

respiratory system. The results of this calculation should then be

compared to the radiation dose equivalent to the lungs of smokers (and

non smokers) due to the inhalation of radon and radon daughters,

keeping in mind that the type of radiation (alpha), the carriers (dust

or smoke particles), the ..mechanisms of the intake and uptake of the

radioactive material and the tissues at risk (the bronchial epithelium

and other regions in the lung ) are the same for both types of

contaminated air inhaled.

210
The main alpha emitting radioisotope inhaled by smoking is Po.

(Tobacco contains also some Ra but this element is not volatile at

the temperature of a burning cigarette: 600 C- 800 C.) Assesments of

the concentration of ~ Po in tobacco were published as early as 1963-

Cigarette samples analyzed at that time contained 0.4 pCi of Po

per cigarette ( 0.015 Bq/cigarette) . The tobacco in one cigarette

weighs one gram ). Of this amount up to 30% was found to be

transferred to the mainstream smoke

A recent monograph (15) included a summary of the results of many
210

experimental determinations of Po in tobacco in different countries

during the years 1967-1982. Concentration values ranged between 0.26

and 1.0 pCi/cigarette (.010-0.037 Bq/cigarette). The relative amount
210

of Po transferred from the cigarette to the inhaled smoke reached
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according to this review. Taking the highest of these values we

sses the annual intake of Po

1.0x0.25x40x365=3.650 pCi (135 Bq).

can asses the annual intake of Po by a two-pack-a day smoker to be

Based on the ICRP model for the respiratory system and assuming all
210the Po in the smoke to behave in the respiratory system like W type

aerosols we can assess the accumulative number of disintegrations of
210Po in the lungs to be 1G per intake of 1 Bq of 210Po (16). Of

this number, only about 10 occur in the bronchial region (16).

The energy of a single alpha particle from Po is 5-3 MeV. The total

energy deposited in the lungs is therefore 5.3x10 MeV per intake of
Q

one Bq. This adds up to 7-15x10 MeV /y (for an annual intake of 135

Bq) of which 7-15x10 MeV are deposited in the bronchial region .

This simple calculation is based on the relatively long physical half
210life of Po compared with the short retention times in the

respiratory system of W-type aerosols.

_o
Using the conversion factor of 1.6x10 radxg/MeV and assuming a mass

of 40 g for the bronchial region and a mass of 960 g for the pulmonary

region (16), the calculated annual dose to the bronchial region of a

two-pack-a day smoker is 0.3 mRad/y and to the pulmonary region is 12

mRad/y. The dose equivalent is 6 mRem/y and 240 mRem/y to the

bronchial and pulmonary regions, respectively, using a quality factor

of 20. With a weighting factor of 0.12 for the lung as a whole this

gives an annual effective dose equivalent of 30 mRem.

These values have to be compared with the annual dose and the annual

dose equivalent to the bronchial and the pulmonary regions of the same

smoker due to the inhalation of radon daughters for an indoor radon

concentration of 0.8 pCi/1, typical for the Northern Hemisphere (17).

Measurements in the United States indicate that this can be converted

to a decay product concentration of 0.004 WL. For 168 h/week of indoor

occupancy, the cumulated exposure would be about 0.2 WLM in a year

(17). Based on the ICRP model for the uptake and retention of aerosols

in the lung, this leads to an annual dose of 100 mRad and an annual
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dose equivalent of 2000 mRem to the bronchial region, and an annual

dose of 30 mRad and an annual dose equivalent of 600 mRem to the

pulmonary region (18), using a quality factor of 20. For a weighting

factor of 0.06 for the bronchial region and of 0.12 for the pulmonary

region this results in an annual effective dose equivalent of 190

mRem.

From the above discussion we can conclude that the average radiation

dose to the lungs of smokers due to radioactivity in the tobacco is

not negligible, but it is small compared with the dose to the lungs of

these smokers,(and of any other human being) from their exposure to

environmental radiation due to the inhalation of radon and its

daughters. It should be emphasized that there is no logical reason to

calculate the doses due to these two very similar environmetal

contaminations by using two different dosimetry approaches .

This in no way should result in an underestimation of the

carcinogenicity of tobacco smoke which we have to attribute to the

many other carcinogenic agents in the tobacco.

It should also be noted that according to the NCRP, tobacco products

are one of the two main contributors to the population dose equivalent

from consumer products in the USA (19).
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Occupational Exposures in Israel in 1987

S. Malchi, Y. Shamai, T. Schlesinger, M. Israeli

Soreq Nuclear Research Center

A statistical analysis of the occupational radiation exposure of

radiation workers in Israel in 1987 was carried out using the centra:

data-base of the National Personnel Dosimetry Service. The analysis

refers to whole-body exposure to external penetrating ionizing

radiations (gamma, X-ray and fast and thermal neutron radiation),

Radiation doses are measured by conventional monitoring devices (TLI

badges, nuclear track etch detectors, etc.) generally worn on the

the worker's chest.

Workers and working places were classified into nine groups according

to the type of source and radiation exposure trends. The collective

effective dose equivalent to all workers was calculated {see table 1),

Table 2 groupes. all radiation workers according to their annual

dose-equivalent.

The collective annual effective dose equivalent for the ensemble oi

radiation workers analyzed was 1.1 man-sievert. Only 6.2% (488 out oJ

7845) of the workers monitored were exposed to radiation doses abov*

the detection limit. The detection limit (per dosimeter) is about

0.15 mSv for gamma and X radiation, 0.1 mSv for thermal neutrons am

1 mSv for fast neutrons.

Nuclear medicine staff has the highest percentage of exposed worker:

{26% of those monitored).

An inve8tigation is initiated whenever 0.3 of a dose limit is exceedei

(i.e., an effective dose equivalent of 1.25 mSv in one month). Ii

1987, *Ll8 such cases were detected, of which four exceeded the annua:

dose l:ituit (50 aSv).
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Table 1. Distribution of the annual effective dose equivalent

according to working place.

Type of Institution

Research Institutes

Diagnostic Radiology (Xray)

Dental Clinic

Nuclear Medicine

Cardiology

Oncology (Radio-Therapy)

Industry - N.D.T.

Industry - others

No. of
workers

1300

2158

643

\ 350

881

311

1399

803

No. of
exposed
workers

52

160

6

91

46

54

42

37

% of
exposed
workers

4

7

1

26

5-2

17.3

3.0

4.6

Collective
eff. dose-equ.
of wokers

(man'mSv)

92.9

326.7

137.1

188.9

87.2

111.6

IO5.6

156.4

Workers exposed beyond the detection limit at least once during thi
year.

Table 2. Distribution of the level of exposure among all the radiatio:

workers.

exposure

Number of
workers

Percent of
workers

< det-lim.

7357

93.8%

up to 5 mSv

448

5-72

5-15 mSv

26

O.33J!

15-50 mSv

10

0.132

above 50 mSv

4

0.052
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A SIMPLE MODEL FOR SKIN DOSE MEASUREMENT

B. Ben-Shachar* and S. H. Levine
The Pennsylvania State University, Nuclear Engineering Department, University
Park, PA 16802
*0n leave from The Nuclear Research Center, P.O.B. 9001, Beer-Sheva, 84190,
Is rae l .

1. Introduction

Beta Dosimetry refers to the technique which measures the beta dose

component of the radiat ion f i e l d . Beta par t ic le radiat ion which always has a

low penetrating component is strongly absorbed by the sk in . The skin dose is

defined for protection purposes by the U.S. NRC as the dose delivered at a

depth of 7 mg/cm2 in the sk in . 1 The ICRP has recommended an annual maximum

dose equivalent of 0.3Sv to the skin and 0.05 Sv to the whole body.2 Hajnal

and McLaughlin3 pointed out that high beta/gamma rat ios may be encountered in

the maintenance of nuclear fuel reprocessing plants. Thus in some

circumstances the skin dose may become the l im i t i ng factor for personnel

exposure and good qual i ty skin dosimetry is essent ia l .

The TL method is increasingly accepted for radiat ion protection

dosimetry.' The major problem of using i t for beta dosimetry is that the TLD

chips have a f i n i t e thickness and furthermore, being covered by absorbed

windows, which slow down and/or absorb the incident beta par t ic les . One of

the possible ways with an algorithm to determine the appropriate correction

for each exposure. TLD system used in th is approach usually contain 3, 4 or

more TLD chips.5 This approach requires cal ibrat ing the TLDs with known 'DSr

and *°'T1 beta sources.

A new method of determining the beta dose to the skin has been

investigated by combining analyt ic calculations with experimental measurements.

The analysis was performed by beta spectrometry and Monte-Carlo computer

program based on electron transport theory. The experimental measurements

were performed with LizB^rrCu TLD chips having d i f ferent polyethylene

shields.
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2. Experimental

In the present work we used the Panasonic UD-806 badges, which contain

four Li:B<07:Cu phosphors, shielded by 2, 49, 160 and 160 of mg/cmz of

polyethylene. However, an additional layer of polyethylene of 11 mg/cm2 is

added in the front and 28 mg/crn2 in the back. The badges were evaluated by a

Panasonic 702E reader one-day after the i r rad ia t ion to minimize the effect of

fading.

Ten Panasonic UD-806 badges were exposed four times to the same radiat ion

f i e l d (5 mGy) of a l l 7Cs i r rad ia to r . The re la t ive standard deviations were

1-3%. Al l the other i r radiat ions performed were corrected to the speci f ic

sens i t i v i t y of each phosphor. The dosimeters were then i rradiated by a 7.2

mCi " S r source, four times, from front and back side. The results are

presented in Table 1.

Table 1: The calibrated results of UD-806 badges,

irradiated by '"Sr from front and back

Badge

no.

6000001

6000005

6000011

6000014

6000015

6000016

6000017

6000019

6000022

6000023

el.l

922.3 .

1025.3

932.0

917.1

955.0

943.1

960.4

976.2

952.0

954.7

el.2

832.3

829.5

805.5

789.7

790.1

810.8

782.2

835.0

868.6

816.4

Front

el.3

573.9

658.9

621.4

587.5

588.3

611.5

590.1

635.8

591.2

590.2

el. 4

621.

644.

636.

616.

617.

628.

629.

632.

577.

646.

[

7

7
6

9

8

7

2

1

9

2

el.

870

944
853

844

920

881

925

944
919

882

1

.4

.2

.0

.7

.9

.8

.7

.8

.2

.0

el.

799

780

780

756

799

776

759

828

781

776

Back

2

.7

.0

.0

.8

.9

.1

.0

.2

.1

.3

el.

521

609

599

552

574
559

546

576
562

522

3

.5

.3

.6

.2

.6

.3

.4

.5

.0

.8

el.

571

586

585

243

594

567

580

608

570

566

4

.0

.4

.5

.0

.3

.8

.9

.6

.0

.3

There was a 16% higher dose response for element 1 than for element 2 (for

both f ront and back i r rad iat ion) and much higher (about 50%) than for elements

3 and 4. The difference between the front and back i r rad ia t ion is more

apparent for elements 1 snd 2 (25* for element 1).

- 43 -



3. Theoretical calculations

The spectrum of '°Sr was measured by the beta spectrometer described by
Li-Shen,6 which uses a plastic scint i l lator on a photomultiplier tube. The
spectrometer was calibrated by a 137Cs source.

We calculated the energy deposited by electrons in L i zB^ iCu , shielded
by different layers of polyethylene, as a function of the depth, by using
Monte-Carlo electron transport code developed by Berger.'»8 The calculations
were performed for a 14 mg/cm2 slab L izB^ iCu, shielded by 6 different
thicknesses of polyethylene, in the range of 0.1-3 MeV. The results for the
shield of 13 and 188 mg/cm2 are presented in figures 1A and IB, respectively.
I t can be observed that the 13 mg/cm2 shield allows much lower energy betas to
penetrate, as expected.

The convolution integral of the beta spectrum and the dose deposited in
the phosphor by this spectrum gives relative values of the dose deposited by
the 90Sr source. The dose deposited in a phosphor of thickness d by the beta
particles having energies between E and E+dE is D(E,d). Therefore the total
dose deposited in this phosphor by the beta spectrum ij)(E), having a shield of
thickness x, is :

D(x) - / D(E,d) * <j>(E) dE (1)

4. Results and conclusions

The relative dose can be presented by the ratio of D-s (see equation 1
above)f or two different elements to compare with the experimental data. Here
the ratio is represented by D(xl)/D(x2) where xl and x2 are the thicknesses of
two shields. Table 2 presents the ratios of the dose rates for several
elements of UD-806 badges, calculated and measured for '"Sr.
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Table 2; Calculated and measured

dose rat ios for 90Sr

Ratios of diff. shields
D(77)/D(30)

D(60)/D(13)

D(188)/D(30)

D(171)/D(13)

D(77)/D(13)

C(60)/D(30)

D(188)/D(13)

D(171)/D(3O)

D(30)/D(13)

D(77)/D(60)

Calc.
0.88

0.90

0.60

0.61

0.87

0.92

0.59

0.61

0.98

0.96

Meas.
0.85

0.84

0.63

0.62

0.79

0.90

0.66

0.60

0.94

0.94

Dev.(%)
3.4

6.6

5.0

1.6

9.2

2.2

11.9

1.6

4.1

2.1

Excellent agreement is found between the calculated and measured rat ios

for any two d i f ferent shielded phosphors. Thus we can expect a constant

cal ibrat ion factor between the calculated and measured dose. This cal ibrat ion

factor can be used for the calculation of the skin dose or beta doses at other

depths.

We have performed Monte-Carlo calculations for monoenergetic betas

penetrating muscle t issue. The results are shown in f igure 2. I t can be

observed that at 6.8 mg/cm* most of the dose is produced by electrons with

energies below 200 keV. I t was found that the TLDs systematically

over-responded by about 20% to the 90Sr when compared to the true dose as

determined from an extrapolation chamber.
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FIGURE 1 A : DOSE per FLUENCE for 13 ma/cm2 shfel^j
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FIGURE 1 B : DOSE per FLUENCE for 188 mt?/cm2 shield
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FIGURE 2 : DOSE per FLUENCE for 6.8 mq/cm2 MUSCLE
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The Soreq Fast Neutron Personnel Dosimeter

Y. Shamai, 0. Even, A. Tal, Y. Eisen and T. Schlr

Radiation Safety Department

Soreq Nuclear Research Center

Yavne, Israel

GENERAL

Fast neutron personnel dosimetry is carried out by the Soreq Personnel

Dosimetry Service using Nuclear Track Detectors (NTDs). The service

has changed over to the use of CR-39 instead of the previous, less

sensitive, polycarbonate. The characteristics of this material and its

performance as a neutron detector and neutron dose-equivalent meter

have been described in previous publications '. CR-39 was found to

be the most suitable material, due to its high sensitivity and its

ability to detect neutrons of energies down to "150 keV.

Neutrons impinging on the CR-39 foil produce damage sites in it via

interaction with hydrogen nuclei, which transfer energy on their

passage through the foil. In the process which our laboratory adopted,

the damaged track in the foil is revealed in two stages of

electrochemical etching performed at an elevated temperature. The

enlarged damage sites thus revealed are then counted by an automatic

"pit detector" and the accumulated dose equivalent is estimated.

THE DOSIMETER

The dosimeter consists of CR-39 foils 40 mm X 30 om and G.6 mm thick,

manufactured by American Acrylics. The foils are cut from a bulk sheet

by a laser cutting machine which is also programmed to label each foil

with an individual serial number.
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THE ETCHING SYSTEM

The etching system consists of a HV power supply, an electronically

controlled oven and an etching cell assembly which can hold up to

seven dual cells, each one containing -a CR-39 foil.

The Power Supply

The power supply was designed and built specially for its

purpose . It provides a power of 100 W at voltages of up to 180Q

V and frequencies of 0-2000 HZ. Our system uses two etching stages

with twc different frequencies.

The Oven

The oven is a standard incubator adapted for our purpose by

introducing into it several electrical feedthroughs for the power

supply and suitable holders for up to ten etching cell assemblies.

The optimal etching temperature was found to be 60°C.

The Etching-Cell Assembly and the Etching Cells

The etching-cell assembly can hold up to seven dual etching cells

which are held together in a tray electrically connected to the

power supply. The etching cell was described by Eisen et al.

The Reader
(9)The revealed damaged sites are read by an automatic laser scannerV7;

Calibration

The CR-39 foils were calibrated for neutron dose equivalent

determination in the neutron energy range 150 keV - 14 MeV. The

calibration was performed with monoenergetic neutrons in the above

energy range produced by a Van de Graph accelerator using the H(p,n)

reaction at different proton energies and emission angles. In

addition, 14 MeV neutrons from the H(d,n) reaction and neutron
2kl 252

sources ( AmBe and Cf) were used. ICRP was our standard for

fluence to dose equivalent conversion .
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Etching conditions were optimized to obtain a reasonable flat dose

equivalent response without sacrificing the low background level. The

resulting conversion factor was found to be constant within a factor

of 2 for all neutron energies higher than 200 keV, in the above energy

range (see Figure 1). The routine service operates at 1550 V(rms),
2

which causes the background to be "50 pits/cm (about 10 mrem).

0.2 2 3

Neutron energy (MeV)

4

Fig. 1. Energy response of the Soreq CR-39 dosimeter.

(a) 1640 volts, background 100 pits/cm

(b) I585 volts, background 55 pits/cm

(c) 1525 volts, background 35 pits/cm
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Measurement of 32p activity in Radiotoxicological Samples

T. Izak-Biran, K. Friedman, Y. Shamai
Soreq Nuclear Research center

' P is widely being used as a tracer in biological research. As
such, ov- laboratory is engaged in its radiotoxicological urine
analysis. Being a i?<\ve ?> emitter, one of the most useful detection
methods is the use of the well known liquid scintilation counter,
without any chemical procedure. This counting procedure is capable of
detecting very low concentration of (J activity in the urine, but the
human urine contains another fi emitter, K, whose concentration
varies widely between different people. The energy of the two isotopes
is simillar, disabling any meaningful distinction due to the low
resolution of the scintilation counter. The work reported here
describes our efforts to reduce the detection limit of •* P in the
presence of K, using the small but specific gamma radiation of °K.
Human urine contains, on the everage, 1.7 g/1 of potassium, which
means about 1.5 nCi/1 K, with a variation of a factor of 5 between
different people. In our standard counting method k cnH of urine are
used, thus producing, on the average, ~12 dpm, with a large
variation. Therefore, without further processing, only samples which
contain more then about 40 dpm could be detected as positively
contaminated by ^P.

The workers radiation dose, calculated from urine measurements
depends on the kind of exposure to the radioactive materials. In table
1, the radiation doses for 2 different procedures of work, for D or W
compounds of ^2P, are given. Assuming a measurement frequency of four
times per year, 125 mrem was set as the reporting level and 375 mrem
as the investigation level for the period of 3 months.

Table 1. ^2P activity concentration in urine for several kinds of
exposure

|Kind of exposure | Compound
Class

Activity in urine (nCi/l)|

375 |

I one time (1)| D

| one time (1) | W
| continuously(2)| D
I i

6
4.5
9

As can be seen from the table, the detection limit of 10 nCi/1
is higher even than the investigation level of 375 mrem. As K
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activity in urine is. the main cause of the high detection limit of
32P, we measured the ®K content directly through its gamma radiation,
(1.46 MeV) with a large volume Nal detector. A comparison of the
activity of 11 clean samples, measured by both methods; the liquid
scintillator (Ckl) and the Nal (Ck2) detectors for 4 oK activity are
given in table 2. Four "real" samples that were measured in the
laboratory for * P activity and showed suspeciuos contamination are
also shown in table 2 (marked * ) .

Table2- Measured activities in urine

I Sample No

| 6O83
j 6085
1 5989
1 5997
1 5927
1 5998
| 6086
| 6089

599**
1 5995
1 5996

Mean

I *5928
I •6280

•6851
*6838

Volume
(cc)

200
200
140
200
200
200
135
135

200
200 •

.200
100
200
300

| Nal
ICkl (nCi/1)
1
1
| 0.57*0.42
2.18*0.45
2.21±0.80
2.17*0.48
1.33*0.42

1.56*0.43
O.84±O.8O
1.63±O.8O
1.1.3*0.42

l.i8±0.42
1.28±0.42

1.5O±O.5O

4.21*0.60
2.60*0.65
5.17*0.65
3.27*0.50

Tricarb
Rate(d.p.m)

24.9
39-7
48.0
40.9

40.3
39-1
42.6
38.4
32.9
33.2
36.5

67.9
53-6
73.6

Ck2(nCi/l)

0.00*0.42
1.67*0.46
2.61*0.47
1.81*0.46
1.74*0.46
1.60*0.46
2.00*0.46
1.52*0.45
0.90*0.44

0.93*0.44
1.30*0.45

1.50*0.72

4.87*0.53
3.25*0.46
5.52*0.54

60.3 J4.00*0.51

Difference
|Ck2-Ckl(nCi/l)

1-0.57*0.58
-0.51*0.63
0.40*0.90
-0.36*0.65
0.41*0.62

0.04*0.63
1.16*0.90
-0.11*0.90
-0.23*0.61

-0.25*0.61
0.02*0.61

0.0 ±0.86

0.66*0.80
0.65*0.80
0.35*0.84 j
0.73*0.70

As can be seen from the table, it is possible to deduct the
activity, measured with Nal, from the combined activities of

40K

and
ftp)

K measured by the liquid scintilator. It can also be seen that the
samples that showed suspecious activity of ̂  P, had high content of
^°K. The highest of the four samples had 5.17 nci/1 of ̂ °K, which is
6.0 g/1 of potassium.

Since the number of samples processed in the laboratory for
measuring activity of " P is high, it is not practical to measure all
of them for ̂ °K content. Therefore, it was decided that only urine
samples processed for " p which show suspecious contamination, above 2
standard deviation of the mean concentration of % (1.32*0.86 nCi/1),
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will be checked for their ^ K activity with the Nal dntector. By this
process we reduce the detection limit of 3 P to "3 nCi/j. at the
collection day, a detection limit which implies only 125 mrem in the
most widespread case of continuos work with " p .
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DEPOSITION VELOCITY CHOICE FOR HAZARDS EVALUATION

OF A NUCLEAR REACTOR ACCIDENT

D. Skibin

Nuclear Research Centre Negev, P.O.Box 9001, Beer-Sheva, ISRAEL

ABSTRACT

When radioactive pollution is emitted to the atmosphere it is transported

and dispersed by the wind. A fraction of the radioactive cloud's content

is deposited on the ground. The major contributions to the population

exposure is through direct radiation from the cloud and from deposition,

and through inhalation of the radioisotops. Various weights are assigned

to the various exposure pathways (ICRP 26, 1977) enabling use of the

Effective Dose Equivalent (EDE). The components of the EDE and their

relative magnitude depend on several parameters. In this paper we wish

to explore the role of the deposition velocity. Closer to the source a

higher deposition velocity -V^ will cause higher exposure from the

deposited radioactivity'. However a higher V^ will cause stronger along -

trajectory deposition, depleting the cloud and causing a decrease of the

exposure further downwind. The effect is expected to dominate at higher

atmospheric stabilities during night-time, and at low-level sources. The

importance of this effect will decrease as instability and source height

will increase.

Measured deposition velocity data do not solve the problem because Vj is

sensitive to the isotope,its chemical form, the chemical and physical

properties of the soil and the vegetation along the cloud's trajectory,
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as well as to the meteorological conditions. Vj data therefore vary over

several orders of magnitude, for the same isotope.

In order to analyze the sensitivity of the EDE to V., we used the output of a

computerized environmental hazards evaluation scheme that compute the EDE

as function of the distance from a damaged reactor, for the different

meteorological conditions and various combinations of V, and source heights.

Each set of output data was normalized by the maximum EDE to give the

underestimation expected by using this set of data. The final data was

then grouped and averaged. .The results indicate that the choice of V"d is

important at neutral and especially at high stability. The EDE's are

then very sensitive to the source height. Errors up to a factor of 6 in the

EDE may be obtained, for halogens V^ between 0-1 cm/s. Values of ,2-,3 cm/s

for the halogens and "v.l cm/s for the solids seem to give stable,

reasonable estimates of the EDE's without exaggerated underestimation,

under most of the tested conditions.
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THE IMPACT OF THE ALARA CONCEPT ON THE SHIELDING
CALCULATION POLICIES OF THE ISRAEL HEALTH MINISTRY

E.Ne'eman, S. Brenner and S. Faermann

i. INTRODUCTION

Following the introducvi on of tne rtLHkA concept, the design
of appropriate shielding barriers for medical irradiation
installations may be aune oy two approacnes, IlJ , £2i •

a) 6y performing a cost Benefit analysis through on
optimization procedure for eacn barrier involved.

By adopting the new maximum perm;ssiole doses for

Planning purposes ':LH::- ?.?. o f 10 mr>:/week for raaiatiun

workers ana 2 inK/week for the general public.

Tne purpose of trie present woo- !5 to estimate the

Situation of m e exi sti 113 rad 1 odi agnosti c installations

that have been planned (nany years ago, -jna try to verify

their compliance w i n the n^w recomfflenoatioris.. ftj , 151

Two typical old installations have oeen visited,located

at the Zamenhorf and Hasnaron nospix&'is. A lay-out of the

installations is shown in Figure i ana 2.

MATERIAL AND METHODS

Tne measurements were performed witn a baoyline ionization
chamber ana a water simulator over the patient table. The
dose m seiectea points around tne installation were
measured for typical KVp, mAs, source to skin aistance ana
fiela size used for patients.

RESULTS

The integral doses per day for each point, were calcuiatea
accoraing to the estimated number of exposures, tne average
exposure time per ft im ana the use anc occupancy factores.
The integral ooses m mRaa/aay and mRad/weet-: are presented in
taole 1 and 2.



<*. CONCLUSIONS

>5 measured dcses per '•IZ^-K seem xc comply with the new
maximum per mi s.sibie dose's.. excer.-ts for points A and i
(Tab. 2' where there are no lead installed on the doo^s. Bi.it a
final assessment could on'y De done by putting integral
dosimeters (TLI» around the instaliations for a period of 2
or 3 months (or mere) .

It w.'Jt be rented out that additions? radiation protection

problems were detected in the course of our measurements,

like:

1. The presence of 2 or 3 patient tables in one '"oo"'', wi thout
shieidin? between them, r^sultin^ in very h i * and
unecessary e.-pos-yes of the patients.

2. Some rooros nave no intr-ince doors at all, with very hi^h

p;'--ory'1;* ?r e s

3. "|>,i=.f-o ar-^ r.o (fiarninn I ' ^ h t s , o v e r t h e e n t r a n c e

doors.

4. Doo»"S w'tho'jt ihieiflirn i?.t a • j, resulting in hi ̂ h-dose to
the pubiic (waiting rooms; .

5. f'ed'csl e:-:arm nat i ons o^ the workers n ; •• f̂ erf O'"fit«d in rno;t

case?..
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Ultro Violet Radiation Health Physics

A.P. Kushelevsky
Deportment of Nuclear Engineering
Ben Gurion University, Seer Sheva

1 Introduction
The regulation of UV radiation exposures at the workplace is receiving
Increasing attention as the dangers from acute high level and chronic low
level exposures are better understood. In this paper we will discuss some
of the Important aspects of UV radiation health physics stressing the
similarities between the health physics of ionizing and UV radiations.

2 Physical Characteristics of UV Radiation
2.1 Spectral Characteristics
UV radiation is electromagnetic radiation whose wavelengths cover the

range from just above soft X rays to visible light.
By convention UV radiation is divided into three subregions:
1) The vacuum UV region < 190 nm
2) The far UV region 190 -290 nm (UV-C)
3) The near UV region 290 - 320 nm (UV-B)

320 -400 nm (UV-A)
"Vacuum UV" .which is observed only in vacuum, does not pose a health

hazard. The "far UV" radiation, emitted by artificial sources, (for example
welding equipment) and the "near UV" radiation, which in addition to being
emitted by artificial sources is also found naturally in sun light reaching
earth at sea level, propagate freely in air and are able to reach the outer
surfaces of the body creating health hazards as summarized In table 1.
2.2 UV Units
Irradiance (E) describes the rate radiant energy reaches a given surface

and is measured in units of W/m2 or mW/cm2. Multiplying it by time
(seconds) gives the radiant exposure (H) in J / m2 or mJ / cm2 which
describes the integrated energy reaching the surface during the exposure
period, and is for UV health physics what the Rad is for ionizing radiation
health physics.
Radiant exposure units are also used for describing equivalent exposures

from broad band UV sources where the energy is weighted by a biological
factor to account for the varying biological effectiveness of UV radiation
as a function of wavelength.
Again by analogy with Ionizing radiation the spectral biological

effectiveness factor plays the same role in UV dosimetry as the relative
biological effectiveness factor (R.B.E) does in ionizing radiation dosimetry.
The radiance. (L) is another unit used in UV dosimetry. It describes the
source intensity and is defined in terms of the radiation emitted from the
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source per unit ores ond per unit solid angle. It Is mainly used for
specifying exposure limits from extended sources.
Energy absorption per unit mass units, used In Ionizing radiation dosfmetry,
are not used In UV dost me try because of the negligible penetration of UV
radiation Into the skin surface.

3 Biological Effects
Photobioigical damage results from wavelength dependent photochemical
reactions with key cellular macromolecuies. These reactions cause gross
cellular damage which may end In the death of the cell, abnormal cellular
function, harmful mutations, cancer and as has been discovered in the last
decade, in loss of immunological activity.
3.1 Effects on Humans
The effects of UV radiation on humans are restricted primarily to the skin
and eyes as shown in table I.The dose levels required to cause these
effects vary greatly according to hereditary factors of the person exposed
for example his skin type, his past exposure history, and the use of
photosensitizing substances such as antibiotics and certain cosmetic
materials.
Minimal erythema exposures, the lowest exposures that produce reddening
of the skin, which are commonly used as a biological indicator of skin
damage, for normal white Caucasians with untanned skin are of the order
of 6 mJ/cm2 8t 254 nm ,10 mJ/cm2 at 296 nm and a thousand times
greater at 360 nm.
Somewhat lower exposures, of the order of 4 mJ/cm2 will cause minimal
photokeratitis of the eye between 220 -290 nm. Exposures 4 times these
values cause painful inflammation of the skin and eyes.

4 Occupational Exposure limits
The American conference of governmental industrial hygienists (ACGHIH)
were the first to issue recommendations on threshold limit doses of UV
radiation.
Table 2 gives the ACGHIH limits and relative spectral effectiveness values
for UV radiation at various wavelengths. The lowest value is for UV at 270
nm. Its relative spectral effectiveness value is 1 with the values at all
other wavelengths normalized with respect to it. Equivalent exposures
from broad band UV sources are calculated in terms of the 270 value by

summing over the emission spectrum as follows: H f̂f = IEASX dA.

Table 2 does not Include values for UV-A radiation which is about 1000
times less dangerous than UV-B and UV- C radiation. For this region the
ACGHIH limits arei mwV cm2 for exposure durations of 103 to 3.104 seconds.
For broad band sources in the 200- 315 nm range, in the absence of exact
spectral information, the recommended UV exposure limit is 3 mJ/ cm2 for
a 8 hr workday.
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It should be noted that The ACGHIH recommendations were issued to
prevent ocute effects, such as UV burns of the skin and inflammations of
the eye, and not long term chronic damage. It is expected that these
exposure limits will be reduced in the future as chronic effects are taken
Into account.

5 Dosimelry
The methods developed to measure UV irradiance can be divided inio two
categories: broad band detectors and narrow band and spectroradiometric
detectors.
Broad band detectors respond to large segments of the UV spectrum
unselectively and are not suitable for UV dosimetry unless they are skin
equivalent, but are suited for use in survey instruments to detect the
presence or absence of UV radiation. Examples of broad band detectors are
the various chemical dosimeters, unf iitered photodiodes and other wide
band photodetectors.
For accurate dosimetry, use is made of spectroradiometric instruments

which measure irradiance as a function of wavelength providing spectre)
data from which equivalent exposures may be calculated. As these
instruments are very expensive it is customary to use calibrated broad
band detectors whose response is modified by suitable filters calibrating
them spectroradiometricelly for specific spectral conditions.

6 Protection
The 3 general methods used to protect against ionizing radiation :
DTime
2) Distance
3) Attenuation
apply equally well to UV radiation.
As in Ionizing radiation protection, the basic philosophy of UV radiation
protection, is to avoid exposures in the first place confining the radiation
by means of UV absorbing materials and assigning special areas for
Irradiation with warning signs outside the exposure area with interlocks
and beam shutters to switch off the beam if the area is penetrated.
Where exposure to UV is unavoidable for example in welding UV protection
is achieved by heavy clothing which prevent UV radiation from reaching
the skin and by glasses and goggles which protect the eyes.
Special compounds which act as sun screens are used to protect the parts

of the body which are not covered by garments.
In these cases special care must be taken to ascertain that the clothing is

not made from light weight open weaye cloth which transmits a
considerable fraction of the incident UV radiation and that the the lenses
of the glasses and goggles are not made from glasses and plastics which
transmit UV.
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7 Comparisons of UV and font zing radiation Health Pysics
UV health physics and Ionizing rodiotfon health physics hove many common

features:
The purpose of both disciplines is to protect workers from stochastic and
nonstochostic damage to their health arising from acute and chronic
exposures.
In both fields while dangers from high doses of radiation are well

understood but the dangers from low level chronic exposures and the
shapes of the dose response curves are stil l a matter of debate since the
biological effects of low level chronic doses are difficult to confirm
experimentally.
In both fields the biological effects are wavelength dependent. This has

three important consequences:
1) When comparing the biological effects of exposure to radiations whose
wavelength distributions differ, the energy absorbed at various
wavelengths must be modified by wave length dependent biological
effectiveness factors e.g. Q.F. and RBE for Ionizing radiation and spectral
effectiveness factors in UV radiation (table 1).
2) Doses are expressed In mixed biological- physical units (the rem and
the effective irredfance dose).
3) Dosimetric problems arise In both fields due to the non biological
equivalent response of the dosimeters.

Despite the remarkable similarity between the two types of radiation the
fact that: they interact with matter differently, their biological effects
and mechanisms are totally different, the dosimetric equipment and
measurement techniques used to measure the respective radiations are
different and finally that the protection measures used to protect against
both radiations differ, should not be overlocked and the practice of health
physics of the two radiations should not be attempted without studying
each radiation separately in detail.
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Tablet: Adverse Biological Effects From UV Rodiotion

UV- C UV-B UV-A
Vavtitngtt 100 200 300 400

MtrMtton VMUum UV prtdomiMntfy photoohmriMl prrtomifMntiy tiwrm»l

rmohanism

Adverse Effeot j
•V* oom#*

fkio
Photooaroinogentsis-
Inwnumiogicil Chtngtf-
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Table 2 ACHGIH threshold l imn value for exposure to UV
radiation
Wavelength(nm)

200
220
240
260
270
280
300
305
310
315

Threshold Limit

100
25
10
4.6
3.0
3.4
10
50
200
100

Relative Spectral
Effectiveness
0.03
0.075
0.30
0.65
1.0
0.86
0.30
0.06
0.015
0.003



HEALTH HAZARDS FROM RF RADIATION DUE TO
VOICE OF AMERICA TRANSMITTERS IN THE NEGEV

Ne'eman E.

1. INTRODUCTION

The Voice of America joint transmitter relay site in
Israel will include 16 Transmitters of 500 kw power each.
The purpose of the project is to broadcast effective
signals in the jammed environment to the Baltic StateB,
European USSR and Soviet Central Asia in Russian and other
languages of those ereas, [1].

Exposure to RF electromagnetic fields can produce a
variety of adverse health effects. Such effects include
cataracts of the eye, over-loading of the thermoregulatory
response, thermal injury, altered behavioral patterns,
convulsions and decreased endurance. Exposure limits are
needed to protect against these adverse health effects of
RF radiation exposure.

1.2 Source Parameters
1.2.1 Transmitter Characteristic

The V.O.A Transmitters are characterised as
follows:
Average Output Power - 500 kw
Operation Frequency Range - 5.9 MHz to

26.1 KHz
Modulation Type - AM
Depth of Modulation - 100%
The spectarl emissions outside the RF
operation band are at discrete harmonic
frequencies, at multiples of the transmissions
frequency. The highest frequency of any
harmonic will not exceed 1 MHz.

1.2.2 Antenna Characteristics
In-Band Parameters

The antenna of each transmitter is an HRS
dipole curtain array with transmission line
system which has net gain in the main unslewed
beam direction on boresight of G=22 dBi. The
slewing elevation angle of the main beam
center is from 5.5° to 27r; from 3° to 5.5°
the gain is G-6 dB; from 27° to 45° the gain
is G-6 dB; from 45° to 90° the gain is G-14
dB, as shown in Figure 1. below 3° the field
is 0 V/m.
The polarity of the transmission is horizontal

1.2.3 Radiated Field Parameters
The Antenna Farm is considered to be a

point source generating a field at lkm and the
following azimuth and absolute maximum
intensities.
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103 V/m - 180° to 320°
145 V/m - 320" to 20°
151 V/m - 20° to 180°

The values are correct for elevation angles
between 5.5° and 27s.

1.3 The RF portion of the electromagnetic spectrum
extends over a wide range of frequencies, from about
10 kHz to 300 GHz. The part between 300 MHz and 300
GHz is usually named microwaves (MM).
The region close to a source is called the near field
The power density
(1) S = P«G/47ir3

where P is the total radiated power, r is the distance
from the source G= the Antenna gain
when the field strengths are expressed in V/m and A/m
their product yields; VA/ma i.e., W/ma. In the far-
field the ratio E/H is constant and equals 377 ohms,
therefore,
(2) % S = EV377 = 377 • Ha

For non-\onizing RF radiation energy absorption is
not considered a comraulative phenomenon. Consequently,
new terminology was proposed that did not use the word
"dose". The now widely accepted term is "Specific
absorption rate" (SAR). SAR is defined as the time
rate at which radiofrequency electromagnetic energy is
imparted to unit of mass of a biological body. The
unit of SAR is watt per kilogram, [2].

The factors that influence the SAR are: [Fig. 1]
a. Dielectric composition of subject.
b. object size relative to wavelength of incident

field.
c. Shape or geometry of subject and its orientation

with respect to polarization of incident field.
d. Complexity of incident radiation.

1.4 Interaction mechanisms
The Interaction mechanisms of RF fields with
biological systems can be broadly divided into two
classes: thermal and non-thermal.
The absorbed electromagnetic energy is converted into
heat through several molecular interaction mechanism,
such as the rotation of polar molecules (water,
proteins, amino acids), space charge polarization
resulting in the Maxwell-Wagner relaxation, and ionic
conduction.

It is generally accepted that above 1 W/kg effects
can be classified as thermal, and below 0.1 W/kg as a-
thermal.

Various athernal effects have been reported [4,5]
In recent years, the Russians have indicated that

-the thermal biological effects of exposure of humans
to average RF fields is not the only significant
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reaction. They report a much more significant impact
on the central nervous system of human even when
exposed to very low RF power density levels over an
extended time.

Reaction, according to the Russians, is evident in
headaches list lessness, sexual behavior, loss of
memory, indecisiveness, and other respones.

2. EXPOSURE LIMITS

Occupational exposure to RF radiation at frequencies
below and up to 10 MHz should not exceed the levels of
unperturbed RMS electric and Magnetic field strengths
given in Tables 1, when the squares of the electric and
magnetic field strengths are averaged over any 6-min,
period during the working days, [3].

2.1 General public - Exposure of the general public to RF
radiation at frequencies below and up to 10 MHz should
not exceed the levels given in Table 2.
Exposures of the general public to frequencies above
10 MHz should not exceed a SAR of 0.08 W/kg when
averaged over the whole body and over any 6-min
periods.

3. APPLICATION OF THE EXPOSURE LIMITS TO THE V.O.A. RELAY
STATION

As is evident from table 1, the transmission frequency
of the V.O.A. relay station falls in the highest risk
band, and the maximal permitted exposure level to the
general public is 0.2 mW/cm3.

This corresponds to - 27 V/o field intensity.
Refering to the intensities map (fig. 2) it appears

that at a distance of 1 Km, the maximal intensity is 151
V/m.

This refers to elevation angles above 5.5° (hight of
about 100 m at this distance).
At this elevation, the field intensity is expected to drop
to - 27 V/m (the maximal permissible level) at a
distance of 5.6 Km from the virtual center of the station.
It is however apparent that at elevation 0° (ground level)

which is of main importance for radiation protection
purpose, the field intensity is much lower.

According to estimations of the V.O.A. [1] the field
intensity at ground level, at a distance of 1 Km, will not
exceed 30 mV/m - well within the safe limits.
It seems thus that a radiation hazard to the population
around the station does not exist, but the situation
within the station perimeter, refering to the station
workers, need further investigation.
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1RPA Guidelines

GUIDELINES ON LIMITS OF EXPOSURE TO RADIOFREQUENCY
ELECTROMAGNETIC FIELDS IN THE FREQUENCY RANGE

FROM 100 kHz TO 300 GHz

International Non-Ionizing Radiation Committee of the
International Radiation Protection Association

Table I. Occupational exposure limits to radiolrequency elec-
tromagnetic fields.

Frequency
/(MHz)

0.1-1
> t—10

> 10-400
> 400-2000

>2OOO-3OOOOO

Unperturbed RMS
field strength

Electric
£<V/m)

614
614//
61

3/ l / l

137

Magnetic
W(A/m)

1.6//
1.6//
0.16
0.008/'"
0.36

Equivalent plane wave
power density

JWW/m1) /ymW/cm1)

__
— —
10 1

//40 //400
50 . 5

Mole: Hazards of RF bums should be eliminated by limiting currents
from contact with metal objects (see (c)). In most situations this may be
achieved by reducing the £ values from 614 to 194 V/m in the range
from 0.1 to I MHz and from 6l4 / / to I94//"1 in the range from > I to
10 MHz.

Table 2. General public exposure limits to radiofrequency elec-
tromagnetic fields.

Frequency
/(MHz>

O.l-I
>I-IO

>)0-400
>4UO-20OO

>200O-3OCOOO

Unperturbed RMS
field strength

Electric
«V/m)

87
87//'"
27.$

1.375/ " 2

61

Magnetic
W(A/m)

O.23//"1

O.23//"!

0.073
0.0037/'"
0.16

Equivalent plane wave
power density

r\(W/mJ) C^mW/cra!)

—
2 0.2

7/200 y/2000
10 1

- 71 -



AuaoluU Maximum Worst Caaa Field Strength
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SYSTEM ANALYSIS FOR SUPERVISION ON RAOIGISOTOPES
CONSUMERS AND WASTE MANAGEMENT INCLUDING

TRANSPORT ACCIDENTS INVOLVING! RADIOACTIVE MATERIALS

E. Ne'etnan,

INTRODUCTION

The use or radioactive materials in various fielos of
medicine,industry,research ana teaching has been increasing
steadily during the last aecaoes. hi!'lions ot radiation
sources, radi opnarrnaceuticals.. 'lao'iea compounds and other
radioactive materials are sold and usea throughout the world
annua11y.

Tnere are 300 institutes in Israel' Hospit«ls, Universities,
Research Centers, fiedicai installations ana industry
facilities including 2500 Laoorator>es, in wnich there is a
potential hazard from radioactive materials.

The agency legally responsible for control of radioisotopes in
Israei is trie Institute far Environmental health, M.O.H.,
wrncn enforce all the international and national safety
regulati ons.

An adequate raoiation control program sriouid 5ive
administrative and field answeres in all the s.DOve domains
including waste and accidents involving radioactive
materIa Is.

Tne agency carrying outmost ov trie fieid functions, mas ing the
professional decisions conc<srriinq maintenance of radiation
safety,is trie radiation Safety Oept.in Sorei Nuclear Center.
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DISCUSSION

A compute)' program will contric.ite to achieve control on the
various brancns of raai01sotopes activities (block Diagram).
An information on all the •radioisutopes delivered by Air
(or sea.i to the country must flow in a real time to the
inspection center.

The suppliers should inform tne 1*1.0. H about the amount and

identity of the radi oisotopes being supplied to the

msti tutes.

ur to many other prsctices Home lncioeritE ^nd acciaent

might happen di.tring tne proaucti on., transport and use of

raai.oactive materials. If such an acciaent does occur.it is

necessary to cope witn ;t as soon as possicue in nra&r to

control unnecessary exposures to o^opie and restore

normal conditions.
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BLOCK: DIAGRAM

RESEARCH INSTITUTE FOR ENVIRONMENTAL HEALTH
OVERALL SUPERVISION AND CONTROL OF RADIOISOTOPES

INSPECTION
COMPLIANCE AND ENFORCEMENT
OF RADIOISOTOPES IN ISRAEL

CONTROL ON
SHIPPMENT AND
INVENTORY RECORDS
OF RADIOACTIVE
WASTE

ADMINISTRATIVE
MANAGEMENT ON
INSTITUTES AND
USERS OF
RADIOISOTOPES

RISK ASSESSMENTS
FOR THE TRANSPORT
OF RADIOACTIVE
MATERIAL AND FOR
ROAD ACCIDENT
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FETUS PROTECTION IN THE TREATMENT OF PREGNANT
FEMALES USING 8 MEV PHOTONS

Y. MANDELZWEIG, PhD, A. OMARI. BS, D.J. FREEDMAN, MS

Department of Onclogy, Rambam Medical Center, Haifa

INTRODUCTION

In the normal course of our work at the Northern Israel
Cancer Therapy Center, It recently became necessary to treat
the thoracic spine of a pregnant woman using 8 MeV photons
from our Phlips SL76/10 linear accelerator. This patient, about
25 weeks from fertilization, refused abortion. Consequently,
techniques to minimize dose to the fetus were required. A
search of the literature uncovered several
publications1 • 2 - 3 • * • a > 6 which discuss the level of dose to be
found outside of treatment fields, but only the letter from
Hudson, et al , discusses methods for reducing this dose. Our
own previous work discusses fetal doses due to electron,
superficial and Cobalt irradiations7 • 8 , but does not address the
present problem of treatment with 8 MeV photons.

In the present case, an 8 x 10 cm2 field was used to treat
T3, five fractions per week at 200 cGy per fraction. A total dose
of 4600 cGy was delivered over four and a half weeks. Using the
curves developed by Kase , et al1 , we estimated fetal dose to
be approximately 1 %. This was too high. In his letter2 Hudson
suggests a method for reducing the dose. This was the basis of
our study.

METHODS AND INSTRUMENTATION

Measurements were made on a Philips SL76/10 linear
accelerator in the 8 MeV photon mode. A 0.6 cc Farmer
lonization chamber attached to a Farmer 2570 dosemeter was
placed in a plastic phantom at a depth of 10.7 cm. Several
shields made from Lipowitz's metal. These shields were placed
on the blocking tray outside the field edge (see fig. 1). Chamber



response as function of the distance between the block and the
edge of the field was then measured, searching for an optimal
distance. Next, we measured the response as a function of
shield thickness using the previously determined optimal
distance. Finally, the optimal blocking having been determined,
the chamber position was varied in each of the three orthogonal
directions: saggital, transverse, and AP/PA.

RESULTS

It is apparent from figures 1 and 2 that the dose outside
the field edge Is dependent upon both distance of the block from
the edge and on thickness of the block. The best choice of these
two parameters resulted In an ultimate dose reduction of
approximately 60%. In Dur clinical case, this was significant,
because it meant radiation therapy could proceed with requiring
abortion of the fetus.

It is important to note, however, that the metallic frame
of the treatment table can produce measurable artifacts for
fields projected through the table. Care must be taken to
position the patient over the tennis racket to avoid this effect.

DISCUSSION

Dose outside the field can be considered to come from
scatter within the patient and from scatter and leakage outside
the patient. The former we cannot control, but from figure 2 it
can be seen that from external sources the dose may be reduced.
Figure 2 shows that dose reduction depends upon block
thickness up to about 6 cm. After that, there seems to be no
further reduction. When the block is located at Its most
effective distance from the field edge, about 6mm, the dose
reduction Is approximately 60% at a depth of 10 cm.

Comparison between c u r v e s 1 and 2 shows an apparent
difference in relative effectiveness of the added block. For the
PA field used this can. be explained by the presence of
additional material in the couch itself which behaves like a
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block and effects the dose near the borders of the tennis racket.
It Is Interesting to note that the absolute dose measurements of
both blocked fields are approximately the same.

Estimates of fetal dose were chosen based on
measurements made at a point 15 cm from the central ray along
the saggltal axis for two reasons. Clinically, the doctors
identified this point as the apex of the uterus. Experimentally,
this point was Identified as being the location of peak dose
relative to transverse and saggltal motion (away from the
central axis) .

As expected, Internal scatter increases with an increase
in depth. This results In a relative reduction in effect iveness
of external shielding, as demonstrated in figure 3.

CONCLUSIONS

Small absolute changes in total fetal dose can result in
major differences in the successful outcome of the pregnancies
of radiation therapy patients. . It is imperative to reduce this
dose to the absolute minimum in order to protect the fetus. We
have shown that the simple addition of shielding outside the
treatment field can have a major effect in reducing fetal dose,
thus increasing the prognosis of preserved pregnancies.
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[j. 1: Measurement Geometry
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Radioactive Fallout Measurements at Soreq NRC,

Israel - 1987

Y. Shamai, R. Dukhan, 0. Even and T. Schlesinger

Soreq Nuclear Research Center

Radioactive Fallout has been continuously monitored at Soreq NRC since

the Chernobyl accident. A large-volume air sampler provides two-week

samples on filter paper (about 10 nP of air per sample). Samples are

counted on a calibrated Ge(Li) gamma spectrometer (detection limit of

about 0.1 Bq/sample).

The concentration of the radionuclides decreases quite rapidly, as is

to be expected from a non detonation release of fission products; at

the begining of 1987, 1G6Ru, 13i*Cs and 1 3 7 Cs could still be detected,

but by the end of the year only 3'Cs exceeded the detection limit

significantly. The ratio of the Cs isotopes (13V137). extrapolated

back to the time of the release is 0.5. a constant which makes it

possible to distinguish between this fallout and that of

stratospheric origin. The measured 3'Cs concentration in air is

displayed in fig. 1.

Local food monitoring was stoped in 1986, since no significant levels

were found. Periodic monitoring of food was restarted in 1988, as part

of a project supported by the ministry of health.

Imported food, especially from east Europe, is checked in our

laboratory for the health authorities. Food samples of about 0.5 kg

are counted in a large-volume well-type Nal detector. The Cs levels

detected are generally low, but in a few samples the measured activity

remains far above our detection limit (about 1 Bq/kg). In 1987 more

than 1000 food samples were checked; five samples were found to exceed

the standard of 600 Bq/kg, and about 150 were found to contain more

than 10?! of that limit.

In this year Soreq NRC has automated its gamma spectroscopy systems:

A robotized sample-changer was built and put into operation. Data

collection was computerized, thus making food counting a simple

process.
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DEVALUATION OF NATIONWIDE TREND IN X-RAY
EXPOSURE OF MEDICAL PATIENTS

E. Ne'eman, A. Lichter

1. Introduction

X-ray control program N.E.X.T was developed in the United State and
initiated in 1971 by the Bureau of Radiological Health (B.R.H),
[ID.

The NEXT program had two objectives:

a) To identify the optimom components of radiation protection
surveys for ;;-ray installations and (b) to develop from such
surveys a uniform system for collecting data that would be
useful to participating radiological health programs as a
measure of program effectiveness.

The NEXT program collects data for 12 examination. This paper will
discuss the main four examinations:

(X) chest (P/A) (2) abdomen (3) lumbosacral spine A/p and (4)
skull. The new measurments will be compared to 1975 NEXT project
results [2].

2. Summary of results

Changes observed in medical X-ray exposure, have resulted from many
of the same improvements plus the introduction of rare-earth
intensifyied screen"

Chest exposures sirs about 107. lower now than in 1975. lambosacral
spine exposures have decreased by 20V. Abdomen exposures decreased
by about 157. during the last 13y. Skull exposres decreased by
107..
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Mechanism of benzene carcinogenicity. Interaction o-f benzene with

ionizing radiation

I
A. Kalir, Rivka Braun, S. Chaitchik*, F. Louis* ajnd M. Levita*

The Institute for Occupational Health, Sacfcler Schod of Medicins,

Tel Aviv University and *Dspartrasnt of Oncology? Tel Avi*-1 Medical

Center, Tel Aviv

Tha csrcincgEnirity ot benzene is known -for a long time. Aithouqh

various mechsni sirs of this action were suggested none has been

generally accepted. It is agreed that benzene acts after metabolic

activation ..-.nd \ ar i ous structures of the active species have been

proposed.

It is feasible that benzene acts in the body by reaction with a

free radical, such as OH*, and formation af s transient and

relatively stable r.et; free radical. This hypothesis is based on the

following facts: 1; Phsnol, the <na?.n metabolite of benzene, is to;;ic

but not leukeinogEnicJ 2; Toluene, the closest horcblcg of benzene, is

r.ot lsu.kemogenic and even protects against the effect of benzene; 3>

Free radical scavengers, e.g. cysteine, protect against the effect o-f

benzene; 4) Changes produced by benzene in bone marrow chromosomes

are identical to those elicited by ionizing radiation; 5) The main

target of benzene is bone marrow. It contains rayeloperoxidase, the

source of superoxide radical, and relatively little of its scavenger

- the superoxide dismutase;; 6) Benzene in water at 40°C, and in the

presence of a free anion radical, forms a relatively stable secondarv

free radical.
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Icr. ir ing -a i i^ t -D; - generates free radiTal • ;r. 1::. vinq systems. I t

has fc.rasn ant ic ipated, that the presence cv-f t.enssne would elevats the

concentration of f ree rad ica ls in the t isauss of i r rad ia ted animals,

and subsequently enhance thu mor ta l i ty ra t s . The experimental

•findings confirmed th i s .j'ssumpti on.

Mice (siaiss. I\R st ra in) weighing 2?, •• 35 g wsre ci/ined in to f i v e

groups: #1 was treated with benzene, i g / kg . i . c .5 #2 - was given whole

bc?:dy i r r a d i a t i o n , 6"'3r, sc i rca -- C;:."0 " *f~- - -""e-rei v-eri benzsns and wat

i . - rsd iat id a f ter 4? - i>vn>i r.i -ii - was i i i jsctsc w; tr, tc iusne, l. l 'g.ku.;

arid *t5 - i rradU't t-3 s-Fter tolL-ariE- i r. je :t i cn . The e,ni."'.al3 wsr= .:o;mted

during 30 d̂ sys and fhs c j f l iuUc iv i proport ion survi \ ' ing at end wss: #1

C.34; 1*2 - 0.6C; «."?. -• C.E.i,: 1>f - O.G"; ar.'d #5 - 0.68,

I t is, obvious th.it bt;-.̂ er'.G =-,: «r.isi the harmfLl s-f-fect of ion is ing

rad ia t inn 3na r?.s> speruists that i t may happen with other short wave

i r rad ia t i on and thai, worker?, e;;^c;=ed tc t h i s widesprsad indus t r ia l

solvent, should bra vTidsquatel y p 'otscten.

This study st -cngly supports the sugge^.E-d mschani S.TI of benzene

in terac t ion with free rad ica ls , and formation of an act ive secondary

free rad i ca l , that \y, responsible for b(?neer,e carci nogenici fcy.'
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