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Addendum to National Bureau of Standards Handbook 59, Permissible Dose
from External Sources of Ionizing Radiztions
(Extends and replaces insert of January 8, 1957}

(This addendum will necessitate changes in the following NBS Hand-
books: 42, 48, 49, 50, 51,.52, 53, 54, 55, 56, 58 )

Maximum Permissible Radiation
Exposures to Man

Introduction

On January 8, 1957, the National Committee on Radiation Protec-
tion and Measurements issued a Preliminary Statement setting forth
its revised philosophy on Maximum Permissible Radiation Exposures
to Man! Since that time several of the NCRP subcommittees have
been actively studying the necessary revisions of their respective hand-
books., These studies have shown the need for (1) elarification of the
earlier statement and (2) modification or extension of some of the con-
cepts in that statement. Furthermore, the International Commission
on Radiological Protection has made minor changes in their recom-
mendations.  Accordingly the NCRP has prepared a set of guides,
given below, that will assure uniformity in the basic philosophy to be
embodied in the various handbooks. Bince many of the handbooks are
followed closely in planning radiation operations in the United States,
and sinee the modification of a handbook may require many months
of effort, it seems wise to make the over-all guiding principles available
in advance of the reissuance of the revised handbooks. These guides
are not designed to take the place of any of the handbooks; the prin-
ciples given below will be extensively treated later in appropriate places.
In the meantime handbook revisions or supplementary statements will
be issued as rapidly as possible,

Sinee the statement of an average per capita dose for the whole
population does not directly influence the substance of the NORP
Handbooks, no further statements regarding such a number will be
made at this time. In any discussion of the MPD it is impractical to
take into consideration the dose from natursl background and medieal
or dental procedures.

The changes in the accumulated MPI) are not the result of positive
evidence of damage due to use of the earlier permissible dose levels,
but rather are based on the desire to bring the MPD into accord
with the trends of scientific opinion; it is recoghized that there are still
many uncerfainties in the available data and information, Considera-~
tion has also been given to the probability of a large future increase in
radiation uses; In spite of the trends, it is believed that the risk

I NBS T'ech. News Bul, 41, 17 {Feb, 1057),
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involved in delaying the activation of these recommendations is very
small if not negligible. Conditions in existing installations should
be modified to meet the new recommendations as soon as practicable,
and the new MPD limits should be used in the design and planning of
future apparatus and installations. Beeause of the impaet of these
changes and the time required to modify existing equipment and
installations, it is recommended on the basis of present knowledge that
a conversion period of not more than 5 years from January 1957
{see footnote 1) be adopted within which timne all necessary modifica~
tions should be eompleted.

The basie rules and the operational guides cutlined below are in-
tenrded to be in general conformity with the philosophy expressed in the
1953 statements of the ICRP, as revised in April 1956 and March 1958,

Guides for the Preparation of NCRP Recommendations

It is agreed that we should make clear distinetion between basic
MPD rules or requirements, and operational or administrative guides
to be used according to the special requirements in any particular
situation, Guides have the distinet value of retaining some reason-
able degree of uniformity in the interpretation of the basie rules,

The risk to the individual is not preeisely determinable but, however
stnall, it is believed not to be Z€10. Even if the injury should prove
to be proportional to the amount of radiation the individual receives,
to the best of our present knowledge, the new permissible levels are
thought not to eonstitute an unacceptable risk. Sinee the new rules
are designed to limit the potential hazards to the individual and to the
reprocductive cells, it is therefore, necessary to control the radiation
dose fo the population as a whole, as well as to the individual. For
this reason, maximum permissible doses are set for the small percentage
of the whole population whe may he occupationally cxposed, in order
that they not be involved in risks greater than are normally aceepted
in industry. Also radiation workers represent a somewhat sclected
group in that individuals presumably of the greatest suseeptibility
(i. e., infants and children) are not included. However, for the persons
located immediately outside of controlled areas but who may be
exposed to radiation originating in controlled arcas, the permissible
level is adjusted downward from that in the controlled area bécause
the number of such persons may nod be negligible, With this down-
ward adjustment, the risk to the individual is negligible so that small
transient deviations from the preseribed levels are unimportant,

Controls of radiation exposure should be adequate to provide reason-
able assurance that recommended levels of maximum permissible
dose shall not be exceeded. In addition, the NCRP reemphasizes its
long-standing philosophy that radintion exposures from whatever
solirees should be as low as practical,

e

Definitions

For the purposes of these guides, the following definitions are given:

Controlled area. A defined area in which the oceupational exposure
of personnel to radiation or to radioactive material is under the super-
vision of an individual in charge of radiation protection. (This im-
plies that a controlled area is onc that requires control of aceess, oceu-
paney, and working conditions for radiation proteetion purposes.)

Workload. The output of a radiation machine or a radioactive
source integrated over a suitable.time and expressed in appropriate
units.

Occupancy factor, The factor by which the workload should be mul-
tiplied to correct for the degree or type of occupancy of the area in
question,

RBE dose. RBE stands for relative biological effectiveness. An
RBE dose is the dose measured in rems. (This is discussed in the re-
port of the International Commission on Radiologieal Units and Meas-
urements, 1956, NBS Handbook 62, p. 7.)

Basic Rules
1. Accumaulated Dose (Radiation Workers).

A. External exposure to crilical organs.

Whole body, head and trunk, aclive blood-forming organs, or gonads:
The maximurn permissible dose (MPD), to the most critieal organs,
accumulated at any age, shall not exceed 5 rems multiplied by the
number of years beyond age 18, and the dose in any 13 consecutive
weeks shall not exceed 3 rems?

Thus the accumulated MPD= (N-18) X5 rems, where N is the age
in years and is greater than 18.

Comment: This applies to radiation of sufficient penetrating
power to affect o significant fraction of the critical fissue. (This
will be enlarged upon in the revision of H59.)

B. External exposure to other organs.
Skin of whole body: MPD =10 (N-18) rems, and the dose in any 13
consecutive weeks shall not exéeed 6 rems.?
CommenT: Thiz rule applies to radiation of low penetrating
power. See figure 2, H59. )
Lens of the eyes: The dose to the lens of the eyes shail be limited by
the dose to the head and trunk (A, above).

2 The quarterly Lmitstion of 3 rems in 18 weeks is basicaliy the same as in 159 except that
it is no Jonger reloted to the old weekly dose limit. The yearly limitation is 12 rems instead
of the 15 rems as given in the NCRP preliminary recommendticns of January 8, 1957,

3*T*his is similar to the 1954 (1159 recomnendstions in that the permissible skin dose is
double the whole-body dose, H59 made no statement regarding a 13-week limitation.
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Honds and forearms, feet and ankles; MPD =75 rems/year, and the
dose in any 13 eonsecutive weeks shall not exceed 25 rems.t

C. Internal exposures.

The permissible levels from infernal emitters will be consistent as
far as possible with the age-proration principles above. Confrol of
the internal dose will be achieved by limiting the body burden of
radioisotopes. This will generally be accomplished by control of the
average concentration of radicactive materials in the air, water, or
food taken into the body. Since it would be impractical to set different
MPFPC values for air, water, and food for radiation workers as a function
of age, the MPC values are sclected in such & manner that they conform
to the above-stated limits when applied to the most restrictive case,
viz., they are set to be applicable to radiation workers of age 18. Thus,
the values are conservative and are applicable to radiation workers
of any age (assuming there is no oceupational exposure to radiation
permitted at age less than 18). The factors entering into the caleula-
tions will be dealt with in detail in the forthcoming revision of Hand-
book 52.

The maximum permissible average concentrations of radionuclides
in air and water are determined from biological data whenever such
dats are available, or are caleulated on the basis of an averaged annual
dose of 15 rems for most individual organs of the body,® 30 rems when
the critieal organ is the thyroid or skin, and 5 rems when the gonads
or the whole body is the eritical organ. For bone seekers the maximum
permissible limi{ is based on the distribution of the deposit, the RBE,
and a comparison of the energy release in the bone with the energy
release delivered by a maxiinum permissible body burden of 0.1 pg Ra#®
plus daughters.

2. Emergency Dose (Radiation Workers).

An aceidental or emergency dose of 25 rems to the whole body or a
major portion thereof, occuring only once in the lifetime of the person,
need not be included in the determination of the radiation exposurc
status of that person (see p. 69, H59).2

3. Medical Dose (Radiation Workers).

Radiation exposures resulting from necessary .medical and dental
procedures need not be included in the determination of the radiation
exposure status of the person concerned.t

+ Thig is basically the same as the 1954 {H59) recommendastions exeept for the 13-week lmi-
tation.

3 This is basically the same s the 1053 (X152} recommendations,

6 This is the same a4 the 1954 (H50) recomzendations,

4)

4. Dose to Persons Outside of Controlled Areas.

The radiation or radicactive material outside a controlled area, attri-
butable to normal operations within the controlled area, shall be sueh
that it is improbable that any individual will receive a dose of more
than 0.5 rem in any 1 year from external radiation.

The maximum permissible average body burden of radionuclides in
persons outside of the controiled area and atfributable to the opera-
tions within the controlled area shall not exceed one-tenth of that for
radiation workers.? This will normally entail control of the average
concentrations in air or water at the point of intake, or rate of intake
to the body in foodstuffs, to levels not exceeding one-tenth of the
maximum permissible concentrations allowed in air, water, and food-
stuffs for cceupational exposure. The body burden and concentrations
of radionuclides may be averaged over periods up to ! year.

The maximum permissible dose and the maximum permissibie
coneentrations of radionuclides as recornmended abave are primarily
for the purpose of keeping the average dose to the whole population as
low as reasonably possible, and not because of specific injury to the
individual. '

Comument: Occupancy-factor guides will be needed by several of
the subcommittees. [t will be important that these do not differ
markedly between different handbooks. The Executive Committec
will endeavor to establish a set of uniform occupancy-factor guides.

Operational and Administrative Guides

5. The maximum dose of 12 rems in any 1 year as governed by the
13 week limitation, should ke allowed only when adequate past and
current exposure records exist. The allowance of a dose of 12 rems
in any 1 year should not ke encouraged as a part of routine operations;
it should be regarded as an allowable but unusual condition. The
records of previous exposures must show that the addition of such a
dose will not cause the individual to exceed his age-prorated allowance.

6. The full 3-rem dose should not be allowed to be taken within a
short time interval under routine or ordinary cireumstanees (however,
see paragraph 2 on Emergency Dose above.) Desirably, it should be
distributed in time as uniformly as possible and in any case the dose
should not be greater than'8 rems in any 13 consecutive weeks. When
the individual is not personally monitored andfor personal exposure
records are not maintained, the exposure of 12 rems in a year should
not be allowed; the yearly allowance under these cireurnstances should
be 5 rems, provided area surveys indicate an adequate margin of
safety.

7 This is basicaliy the same as the recommendations of January 8, 1857,

(8)
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7. When any persou accepis employment in radiation work, it shall

be assumed that he has received his age-prorated dose up to that time
unless (1) satisfactory records from prior radiation employment show
the contrary, or {2) it can be satisfactorily demonstrated that he has
not been employed in radiation work. This is not to imply that such
an individual should be expected to routinely accept exposures at
radiation levels approsching the yearly maximum of 12 rems up to the
time he reaches his age-prorated limit. Applieation of these principles
will serve to minimize abuse.

8. The new MPD standards stated above are not ‘intended to be
applied retroactively to individuals exposed under previously accepted
standards.

9, It is implicit in the establishment of the basic protection rules that
at present it is neither possible nor prudent to administer a suitably
safe radiation protection plan on the basis of yearly monitoring only.
1t is also implicit that af the low permissible dose levels now being rec-
ommended, there is fairly wide latitude in the rate of delivery of this
dose to an individual so long as the dose remains within the age-
prorated limits specified above. In spite of a lack of clear evidence of
harm due to irradiation at dose rates in excess of some specified level,
it is prudent to set some reasonable upper limit to the rate at which an
occupational exposure may be delivered, Therefore, it has beén agreed
that the dose to a radiation worker should not exceed 3 rems in any
13 consecutive weeks. :

10. The latitude that may appropriately be applied in the opera-
tional and administrative control of occupational exposure will be
dictated by two major factors (a) the type of risk invelved and the
likelihcod of the occurrerice of over-exposures and (b} the monitoring
methods, equipment, and the dose recording procedures available to
the radiation users. Where the hazards are minimal and not likely to
change from day to day or where there are auxiliary controls to insure
that the 13-week limitation will not be exceeded, the integration may
be earried out over periods up to 3 months. Where the bazards are
significant and where the exposure experience indicates unpredictability
as to exposure levels, the doses should be detcrnﬁhed more frequently,
such as weekly, daily, hourly, or oftener, as may be required to limit
the exposure to permissible values,

11. For the vast majority of installations (medical and industrial),
operation is more or less routine and reasonably predictable and it
may be expected that their monitoring procedures will be minimal.
For such installations the protection design should be adequate to
insure that over-exposures wiil not oceur—otherwise frequent sampling
tests should be specified. Where film badges are used for monitoring,
it is preferable that they be worn for 4 weeks or longer, since otherwise
the inaccuracy of the readings may unduly prejudice the radiation

6

history of the individual, Where operations are not routine or arc
subjeet to unpredictable variations that may be hazardous, self-reading
pocket dosimeters, pocket chambers, or other such deviees should also
be worn and should be read daily or more often as circumstances
dictate.

12. Except for planning, convenience of caleulation, design, or ad-
ministrative guides, the NCRP will discontinue the use of a weekly
MPD or MPC3

13. The Committee has deliberately omitted the discussion of future
exposure forfeiture for exposures exceeding the MPD on the grounds
that any such statements might lend encouragement to the unnecessary
use of forfeiture provisions,

# This represents a miner change from the NCRP recommendations of January 8, 1857, but,
ro ehange in the basie MPD,

April 15, 1958.
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Preface

The Advisory Committee on X-ray and Radium Pro-
tection was formed in 1929 upon the recommendation of
the International Commission on Radiclogical Protection,
under the sponsorship of the National Bureau of Standards
and with the cooperation of the leading radiological organi-
zations. The small committee functioned effectively until
the advent of atomic energy, which introduced a large num-
ber of new and serious problems in the field of radiation
protection,

At a meeting of this committee in December 1946, the
representatives of the various participating organizations
agreed that the problems in radiation protection had become
so manifold that the committee should enlargs its scope and
membership and should appropriately change its title to be
more inclusive. Accordingly, at that time the name of the
commilbtee was changed to the National Committee on
Radiation Protection. At the same time, the number of
participating organizations was increased and the total
membership considerably enlarged. In order to distribute
the work load, eight working subcommittees were established,
as listed below. Each of these subcommitiees is charged
with the responsibility of preparing protection recommenda-
tions in its particular fleld. The reports of the subcom-
mittees are approved by the main committee before
publication.

The following parent organizations and individuals com-
prise the main committee:

American Medieal Association: . B. Williams. _

American Radium Society: E. Quimby and J. E. Wirth.

American Roentgen Ray Soclety: R. R. Newell and J. L. Weatherwax.
National Bureau of Standards: L. 8. Taylor, Chairman.

National Eleetrical Manufacturers Association: I8 Dale Trout.
Radiclogical Society of North America: G. Failla and R. 8. Stone.

U. 8. Air Force: W, 8, Cowart, Lt. Col,

U. 8. Army: D. A, York, Lt. Col. .

U. 5. Atomic Energy Commission: X, Z. Morgan and Shields Warren.
U. 8. Navy: W. H, Sullivan, o

U. 8. Public Health Service: H. L. Andrews and B, G, Williams,

us

The following are the subcommittees and their chairmen:

Bubcommittee 1. Permissible Dose from External Sources, G. Failla.

Subcommittee 2. Permissible Internal Dose, K. Z. Morgan,

Subcommitiee 8. Xerays up to Two Million Volts, H. O, Wyckoff.

Subcommittee 4. Heav% Particies (Neutrons, Protons and Heavier),

. Cowle.

Subcommitiee 8. Eleotrons, Gamma Rays and X-rays above Two
Million Volts, H. W. Koch,

Subcommittee 6, Handling of Radioactive Isotopes and Fission
Produets, H. M. Parker.

Subcommittee 7. Monitoring - Methods and Instruments, H. L.
Andrews,

Subcommitiee 8. W?ste Disposal and Decontamination, J. H.
ensen.

With the increasing use of radioactive isotopes by industry,
the medical profession, and research laboratories, it is es-
sential that certain minimal precautions be taken to protect
the users and the public. The recommendations contained in
this Handbook represent what is believed to be the best
available opinions on the subject as of this date. As our
experience with radioisotopes broadens, we will undoubt-
edly be able to improve and strengthen the recommmendations
for their safe handling, utilization, and disposal of wastes.

This report does not endeavor to provide a complete

~manual on radiological instruments. It is designed, how-

ever, to indicate the types of measurements and instruments
that are necessary for determining the adequacy of radia-
tion shielding. This applies to low-voltage and high-
voltage X-ray installations, radioactivity laboratories, ra-
dium handling areas, etc. The Committee on Nuclear
Sciences of the National Research Council is preparin
detailed reports on specific instrumentation problems an
the reader is referred to these reports for more detailed
information.

The present Handbook has been prepared by the Sub-
committee on Monitoring Methods and Instruments. Its
membership is as follows:

H. L. Avpruws, Chairman. W. H, Ray.

C. B. BraEsTrUP. J. B. Rosg,

J. Hearmy, E. G. Winniams,
R. E. Lare,

A. V. Astin, Acting Director.
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Radiological Monitoring Methods and
Instruments

I. G_eneral
1. Séope of Report

It is imperative that users of radioactive materials and
other sources of radiation take adequate measures to prevent
overexposure of personnel. Any adequate radiation pro-
tection program may require a variety of types of measuring
instruments, and trained personnel must be available to
insure the use of suitable instruments in the proper way, to
interpret the readings obtained, and to make necessary
recommendations for reducing hazards. The present report
represents an attempt to establish some basic guides for
methods of determining radiation hazards and selectin
suitable instruments for measuring them. No attempt wil
be made to give detailed discussions of the recommendations.

Radiation hazards arise from a wide variety of sources and
the monitoring methods must vary accordingly. Sources
such as X-ray units are relatively fixed in position and con-
stitute radiation hazards only when they are in operation.
Radioactive isotopes, on the other hand, are hazardous
until patural decay has reduced the activity to safe levels.
Furthermore, such materials may be spilled or lost during
their use and become rather widely spread throughout a
building or area. High-voltage accelerators represent an
mtermediate case, where the greatest hazard is present during
operation, but where induced radioactivity may persist for
some time after the equipment is shut down.

The attainable characteristics of radiation-protection
instruments ere dependent on technical advances in elec-
tronics and in other fields. For this reason, specific recom-
mendations may become obsolete as new designs are intro-
duced. The present report considers only types that have
proved useful in practice.

Throughout this report a sharp distinetion has been made
between scanning and measuring radiation. Seanning is
used to denote a rapid, qualitative survey, usually carried
out with sensitive detecting instruments, to locate and deter-
mine the extent of a radiation source. Measuring refers to
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the quantitative determination of the kind and amount of
radiation present.

It should be emphasized that the measurement and eval-
uation of hezardous radiation is not %enerally 8 straight-
forward problem. This is particularly so in situations
involving & mixture of two or more types of radiation. Such
work should be done, whenever possible, by a trained health
physicist who is familiar both with the instrumentation and
the operational problems.

2. Definitions

Terms in this report will be used in accordance with the
following brief definitions:’

2.1 Shall. Is necessary to meet currently accepted
standards.

2.2 Should. Is recommended. Indicates advisory re-
quirements that are to be applied when possible, '

2.3 Assay. The determination of kind and quantity of
radioactive materials present by physical or chemical
measurements.

2.4  Air-equivalent. Descriptive of materials for walls
and electrodes of ionization chambers selected to produce
ionization for proton or electron measurement essentially
equivalent to that in a free-air ionization chamber. This is
possible only over limited ranges of photon energies.

2.5 Dose? The radiation delivered to a specified volume
or to the whole body. The unit is the roentgen. o

2.6 Dose meter.  An instrument that measures radiation
dose. o ) .

2.7 Dose rate. The radistion dose delivered per unit
time.

2.8  Electromagnetic radiation. For purposes of the pres-

- ent report, X-rays and gamma rays. o

2.9 Hzposure® The total quantity of radiation at a
given point, measured in air. The measurerent of exposure
is made at & given point in the radiation fleld without the
presence of a scattering body. o

2.10  Hxposure rate. 'The amount of radiation (exposure)
delivered at a given point per unit time.

t For more eritical definitions, see “CHossary of Terms in Nucear Science and Tecknalogy,™

i Research Council, i o
Ngt;%:gle teersglsy“dose” and “exposare” are frequently used locsely with no elear distinction
between theiv meanings, The definitions given here d¢ no$ agree with those given in the
NBS Handhook 4 decause of concepts developed since its publication,

2

2.11  Electrometer.* An instrument for measuring the
difference in electric potential between two points.

2.12  Eleciromeler tube, An electronic tube specially
designed and construeted to measure very small electric
potentials,

213 EBlectroscope.” An instrument for detecting the
presence of an electric charge on a body.

2.14  Fluz. A rate of flow across & unit area. For ex
ample, & neutron flux is the number of neutrons that cross
1 cm?/sec. S

2.15  Geiger-Miller counter (G-M counter). A chamber
equipped with suitable electrodes and operated at a voltage
and gas pressure that will permit ionization by collision and
in which the total ionization per event is independent of the
amount of ionization produced by the absorption of radia-
tion. :

2.16 Iomization. The process whereby 2 neutral atom or
molecule is split into positive and negative ions.

2.17  Iomization by collision. Ionization produced when
ions already formed are accelerated as by an electric field to
velocities high enough to produce more ions by collisions with
neutral atoms or molecules.

2.18 Jonization chamber. A container with electrodes on
which suitable voltages are impressed for collecting only ions
formed in the gas in the chamber by the ionizing event.

2.19  Personnel meter. A device to be worn or carried by
& person for the purpose of detecting or measuring radiation
received by him.

220 Proportional counter. A chamber equipped with
suitable electrodes and operated at voltages high enough fto
produce ionization by colfision and adjusted so that the total
tonization per count is substantially proportional to the ioni-
zation produced by the absorption of the radiation per
event,

221 Badiation. Energy propagated through space.

2.22d Radiation field. Region in which radiation is prop-
agated.

2.28  Roentgen (r). 'The international unit of quantity
for both X-rays and gamma rays adopted by the Fifth Inter-
national Congress of Radiology at Chicago'in 1937. It was
defined by the International Commission on Radiological
Units in the following words:

The Internasional Unit, of quantity or dose of X-rays or gamma,

rays shall be called the roentgen and shall be designated by the
symbol r. The roentgen shall be the quantity of X- or gammsa-

4 5 There i3 some confusion in the usages of the terms “ulectromester” and “electroscope,”™
but the definitions given suffice for this report.
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radiation such that the sssociated corpuseular emission per

0.001293 g of air produces, in air, ions carrying 1 esu of quantity

of electricity of either sign.

2.24 Roentgen equivalent physical (rep). Although not an
internationally accepted unit, the rep is often a convenient
shorthand notation for statements of dose of ionizing radia-
tion not covered by the definition of the roentgen. One
represents that dose which produces energy absorption of 93
ergs/g of tissue. The actual energy absorption in tissue per
roentgen is a function of the tissue composition and of the
wavelength of the radiation. It ranges between 60 and 100
ergs/g.  For calculations of permissible exposure this varia-
tion 1s ignored, and a beta-ray dose of one rep is said to be
physicaﬁ:y equivalent to an X-ray dose of 1 r at a given point
in the body. The numerical coefficient of the rep has been
deliberately changed to 93, instead of the earlier 83, to agree
with L. H. Gray’s “energy-unit”. o

2.25 Saeturation. Condition in an ionization chamber
when the applied voltege is sufficiently high to collect all
the ions formed from the absorption of radiation, but in-
sufficient to produce ionization by collision. o

2.26 Survey. A critical examination of the radiation
pear 4 source by or under the supervision of a qualified
expert. . . L

2.27 Survey meter. A device for detecting radiation
fields or for measuring exposure or exposure rate.

3. General Principies of Hazard Control

3.1 Radiation injuries can be prevented if potential ex-
posures can be forecast with sufﬁcic_ant aceuracy to permit the
application of appropriate protective measures. Basic pro-
tective measures, not ali of which may be required simul-
taneously, follow in the next two paragraphs.

3.2 IKntrance of radioactive materials into the body
should be prevented by (a) enclosing all radioactive ma-
terials, (b) supplying air of assured purity to all occupied
spaces, (c¢) maintaining effective contamination control
boundaries around all sources, (d) using immaculate handling
techniques, () decontaminating where control has failed,
and (f) enforcilng a rigid system of accounting for all radio-
active materials.

3.3 Irradiation of any part of the body should be reduced
at least to, and preferably well below, the maximum per-
missible dose,® a minimumn to be sought by (a) reducing the
logial Frotertion snd of tho Tatorssional Commmisain. on. Radiolotios: Do (1058,

Further reports on permissible dose are in the cotirse of preparation by the National Conzmit-
tee on Radiation Protection.

time of exposure, (b) increasing the distance from the source,
and (c) interposing shielding.

4, Airborne Hazards

4.1 ~Laboratory air and air discharged from the laboratory
should be monitored for radioactivity if there is any possi-
bility of airborne contamination at hazardous levels. :

4.2 Continuous sampling of airborne particulates (section
VI1I) can be used to determine concentrations of beta and
gamma emitters provided the samples truly represent the air
being breathed. Airborne contamination may remain lo-
calized and fixed instruments may fail to indicate the extent
of contamination.

4.3 Assays for long-lived alpha~-emitting particulates are
complicated by thefact that maximum permissible concentra~
tions may be less than the naturally occurring decay products
of radon and thoron, Studies on concentrates may be re-
quired in order to evaluate the hazard properly. Any assays
for airborne alpha-emitters should be supplemented by a
careful analysis of the physical circumstances giving risé to
the hazard. Protective measures should be instituted if
there is a chance that alpha emitters may become airborne.

4.4 Radioactive, chemically active gases can be concen-
trated by chemical methods from a known volume of air and
assayed by laboratory counting techniques.

4.5 Methods for assaying radioactive, noble gases are un-
satisfactory because of the difficulty of concentrating a suit-
able sample. Some noble gases can be condensed with liquid
air, but others require lower temperatures.

4.6 Radon and thoron present particular problems be-
cause each has a number of radioactive daughter produets,
Radon and thoron ean be condensed with Liquid air. To
evaluate properly the hazard associated with these isotopes,
it is necessary to know the stage of decay of the sample
assayed. A curve showing the rise and fall of gamma activ-
ity from radon is shown in figure 3.

5. Surface Contamination

5.1 Quantitative measurements of surface contamination
are difficult because of unknown factors such as self-sbsorp-
tion, geometry, and depths of penetration. Estimates made
by counting wipes furnish useful information and should be
made in order to determine whether or not a contaminant is
likely to rub off & surface. However, these measurements
are only qualitative and unreliable becatse of the uncertainty
as to the amount of contamination removed. In general,
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measurements of surface contamination are qualitative in

ture. o .
na,5'2 Identification of the kinds of radiation emitted should

be made to estirnate the possibility of alpha-emitters be-
coming airborne.

5.3 In sotne cases measurernents of alpha and low-energy

bete contaminants mey require the removal of surface ma-
terial and a chemical separation of radioactive and inert
components.

6. Determination of Hazards

6.1 The determination of the existence of a radiation
hazard presupposes the presence of a radiation field. The
degree of the hazard and the protection techniques to be
instituted depend on the location of the source, its strength,
physical form, and the kind and energy distribution of its
radiations. Protective measures should be checked by meas-
urements whenever possible, o

6.2 Scanning rather than measuring instruments should
be used to locate unknown sources. Scanning instrurments
require rapid meter response, and aural indicators are useful

as they respond prompily and permit the eves to follow the

sensitive element. Shields around part of the sensitive
element are desirable )

6.3 All locations where a scanning survey shows an ex-
posiure rate of one-fifth or more of the permissible value are
to be considered potentially hazardous. Quantitative meas-
urements shall be made at all of these positions.

6.4 Except for alpha particles and neutrons, all meas-
urements should be expressed in roentgens or reps (depend-
ing on the type of radiation} per unit time.

6.5 Neutron messurements may be expressed as the num-
ber of neutrons per square centimeter per second (fux
density), together with any available information on the
energy distribution of the neutrons.

7. Personnel Monitoring

7.1 REvery person whose safety depends upon proper op-
erating procgdgres rather than upon adequate shielding shall
bhave upon his person a persomnel meter at ajfl times when
exposure is possible. Personnel meters may be any one or a
combination of the following types: (a) Pocket ionization
chamber, (b) pocket dose meter, and (¢) photographic film
meter.

7.2 Under some conditions other types of personnel
meters may be used. Pocket ionization chambers with an
alarm actuated after a preset exposure, crystal, or chemical
dose meters may be useg. ’

7.3 It must be remembered that personnel meters meas-
ure the exposure only at the point where they are worn,
which should be the part of the body expected to receive
the greatest exposure.

7.4 In general, personnel meters do not respond properly
to beta radiation and may give incorrect readings with low-
energy electromagnetic radiation unless specially calibrated.

1. Radiation Detectors

8. Beta-and Gamma-Radiation Detectors

8.1 A detecting instrument should be used for locating
sources of radiation and contamination. Tt shall not be used
for measurement of the radiation unless it has been calibrated
under appropriate conditions with radiation of approximately
the same energy distribution as that being measuared.

8.2 A detecting instrument should have sufficient sensi-
tivity to show a response to normal radiation background.
It should be capable of rapid response and preferably be
equipped with an aural indicator.

8.3 A G-M counter may be suitable for detecting beta
and gamma radiation. For beta-particle detection the G-M
tube should have as thin a wall as possible. A movable
shield will serve to differentiate beta from gamma radiations.
The G-M tube shall not respond to visible light, and it should
function properly over the maximum range of temperature
in which it may be used.

8.4 For the detection of soft radiations, such as the beta
particles from C'" and S%, any absorbing material between
the source and the detector shall be a minimum.

8.5 Care shall be taken to insure that the instrument is
in proper operating condition by frequent tests with a known
source of radiation.

9. Alpha-Particle Detectors

9.1 Proportional counters, ionization chambers, or scin-
tillation counters should be used to detect alpha particles.
9.2 Sensitive detectors incorporating flat ionization cham-
bers with thin windows of a material such as nylon are
satisfactory. An equivalent window thickness of 0.5 mg/em?
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is acceptable. lonization-chamber readings measure total
alpha ionization near the source and must not be interpreted
as dose rate to the body.

9.3 A standard alpha-emitter should be available at all
times for instrument checks.

10. Neutron Detectors

10.1 Slow (0.03 to 100 ev) and intermediate (100 ev to
0.01 Mev) neutrons can be detected with a proportional
counter lined with boron carbide or filled with boron tri-
fluoride gas. This method discriminates against other types
of radiation. As detection is obtained shrough the alpha
particle from the B' (n, o} reaction, the sensitivity can be
enhanced by using boron enriched in B, )

10.2 A cadmium shield can be placed outside an ion
chamber to detect slow neutrons through the Cd (n, ¥)
reaction. If gamma radiation is also present, an additional
reading is needed to determine the net effect due to neutrons.
For measurement of this background a similar shield of a
material whose garmma absorption is the same as the cad-
miuvm, but which does not give an (n, v) reaction, should be
used. .

10.3 Slow neutrons can be detected with a double cham-
ber, one half of which is lined with boron. 'The instrument
is differentially sensitive to neutrons and can be used in the
presence of gamma radiation.

104  Intermediate-energy neutrons can be detected by
placing a paraffin moderator around either of the instruments
described in paragraphs 10.1 and 10.2. The incident neu-
trons will be reduced in energy by hydrogen collisions to the
point where either of the above nuclear reactions becomes
appreciable,

10.5 Neutrons with greater than thermal energies can be
detected by placing around a boron-containing propor-
tional counter sufficient paraffin to reduce some neutrons to
thermal energies. A 3J-inch paraffin thickness will produce
a maximum flux of thermals. A cadmium or boron shield
outside the moderator can be used to exclude sfow neutrons
from the determination.

10.6 As tissue damage by fast neutrons is probably largely
due to ionization from recoil protons, fast neutron hazards
may be estimated from measurements with a chamber filled
with a hydrogen-rich gas, such as methane. To make this
measurement in the presence of gamina radiation, a second
chamber of the same volume filled with a high atomie number
gas can be connected differentially with the first. This
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chamber must be lined with a hydrogenous material, such as
paraflin, of a thickness equal to the maximum range of the
recoil protons (see fig. 1) if the ionization is to be expressed
inrep. If the neutron beam is smaller in cross-sectional area
than the flat plate area of the chamber, correction must be
made for the volume actually irradiated. If gamma radia-
tion is present, readings should be taken with the beam pass-
ing through each chamber and the positions of the chambers
reversed to estimate the effects of absorption. In some cases
it may be necessary to take separate readings with each
chamber.

10.7 A methane-filled proportional counter can be ad-
justed to be insensitive to gamma radiation and yet respond
to fast neutrons through the proton recoils,

10.8 At present there is insufficient experience with neu-
trons with energies above 10 Mev to permit making recom-
mendations,

10.9  The calibration of neutron detectors is difficult and
not entirely satisfactory. Only a rough outline of methods
can be presented here.

Boron-containing chambers can be calibrated in a neutron
flux that has been established by measurement of the activ-
ity induced in indium foils.

Twin-chamber instruments for fast neutrons can be cali-
brated by exposing to known gamma radiation the previ-
ously matcbed chambers (paragraph 10.6) but now connected
with additive instead of reversed polarities. After a cor-
rection is made for the absorption by the chamber walls, the
ionization-per-gram of chamber gas can be caleculated. One-
half of this value will be the sensitivity of the reversed
polarity connection for fast neutrons.

Calibrations for neutrons of energy greater than 3.5 Mev
can be made from the induced radioactivity in sulfur because
above this energy the cross section for the (n,p) reaction in
sulfur is nearly constant at 0.5 barn.

I11. Measuring Instruments

11. X- and Gamma-Radiation Measuring Instruments

11.1  Electromagnetic radiation is measured by the col-
lection of ions formed in an air-filled ionization chamber
with air-equivalent walls, The wall thickness should be at
least equal to the maximum range of the secondary electrons
but should not greatly exceed this value. Special care must
be taken in sclecting suitable chambers for photon energies
below 100 kev,




11.27 Collection voltages shall be sufficient to produce
saturation in all regions of the chamber at all intensities to be
measured, but shall not be so high as to produce ionization
by eollision.

11.3% Saturation conditions must be specially investi-
gated when chambers are used with pulsed sources where the
peak radiation intensities may be very high.

11.4 The chamber should project from the body of the
instrument to minimize scattering from cireuit components
and to permit a more accurate evaluation of the measuring
geometry. This can be accomplished by detaching a charged
chamber from the measuring instrument.

11.5 Instruments designed to measure more than 1 r/hr
should be constructed to permit mounting of the chamber on
a probe at a distance from the indicating portion of the cir-
cuif, so that readings can be taken without undue exposure
of the operator.

11.6 The ionization can be measured by the change in
charge collected on a capacitor or by the potential developed
across a resistor. Electrometer tubes and amplifiers, elec-
troscopes, and electrometers are satisfactory for this purpose.

11.7 Calibration sources for electromagnetic radiation
instruments should have essentially the same energy distri-
bution as the radiation to be measured. The primary stand-
ard of comparison for energies up to 250 kev should be the
standard free-air chamber. ~ Above 200 kev a thimble cham-
ber, so constructed as to be essentially energy-independent,
can be used.

11.8  All instruments for general use should be checked
for energy dependence with gamma radiation from Ra or Co®
and with X-rays. There should be not more than a 20-
percent variaiion between 100 kev and 2 Mev,

11.9 Radium in equilibrium with its decay products and
in a container with 0.5-mm platinum walls will produce a
gamma-ray field given by

_ 84X (mg of Ra)
Pz

for all distances d (in centimeters) greater than 20 times the
greatest dimension of the source. Co® may be used for
mstrument calibration if the ouiput of the source is known
in reentgens per unit time at & given distance. In using (lo®
for calibration, care must be taken to correct for the decay,

vy

7. 8 Bome Instruments are deliberately designed to aperate at Jess thop saturation voltage
in which case paragraph 11.2does not apply. Paragraph 11.3applies egually to the nonsatara-
son type of instrzment,
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which takes place with a half-life of 5.3 years. In making
calibrations care must be taken to minimize scattering. The
equation given above is strictly valid only if there is no scat-
tering, and where air attenuation is negligible.

11.10  Care shall be taken to insure that the instrument
is In proper operating condition by frequent tests with a
known source of radiation.

12. Beta-Radiation Instruments

12.1 Beta radiation may be measured by the collection
of ions produced in an air-filled ionization chamber. The
reading so obtained will be lower than the actual value by an
amount that depends upon the thickness and material of the
chamber walls and on geometric factors. The corresponding
reading may be higher under some conditions.

12.2 At least one end or side of the ionization chamber
shall be provided with a window thin enough to permit the
entrance of a substantial fraction of the beta particles. The
window should preferably have an equivalent thickness of
not more than 7 mg/em?. The range of beta particles in

. aluminum is calculated from empirical equations derived

from experimental data. The range depends primarily on
the mass per unit area and only secondarily on the window
material. See figure 2 for a curve of beta particle ranges. In
using these curves it should be remembered that the beta-
particle energies commonly given represent the mazimum
energy of emission and that the average energy is in general
about one-third of the maximum.

Removable absorbers of not less than 1.0 g/em? should be
provided to cover the thin window completely and permit
the differentiation of beta from gamma radiation. The ma-
terial of the absorber should be air equivalent.

123 Precise measurement of beta radiation from. a surface
is best done with an extrapolation chamber.

12.4  TFor monitoring purposes a thin-wall chamber of or-
ganic material may be calibrated by covering the chamber
with & cap of suitable thickness and composition as specified
in pm'a,%raph 11.1. With this cap the chamber becomes
essentially air equivalent for X-rays or gamma rays of the
proper energy, and it may be calibrated with either an
Xray, radium, or Co® source. With the cap removed, a
chamber reading resulting from beta radiation can be ex-
pressed in arbitrary units, roughly equivalent to rep at that
thickness of material. It may be calibrated with other
sources of beta particles having equivalent energies.
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12.5  An alternative method uses a surface monitor cali-
brated with a source that has been standardized with an
extrapolation chamber,

12.6  Care shall be taken to insure that the instrament is
in proper operating condition by frequent tests with s known
source of radiation. The size and location of the instrument
with respect to the source are important factors in making
messurements of the beta-ray dose, and when measurements
are made these should be comparable to the conditions used
during calibration of the instrument or correction made for
the discrepancy.

13. Alpha-Particle Instruments

18.1 Alpha-particle measurements can be made with the
instruments described in section 9, provided proper calibra-
tions are made.

13.2 No attempt should be made to measure alpha radia-
tion and express it in rep. Results should be given as counts
per minute with a given instrument or as disintegrations per
minute per square centimeter if the geometrical efficiency of
the instrument is known.

13.8 Chambers measuring gross ionization should be cali-
brated under the same conditions of energy spectrum,
absorption, and geometry as for the assay.

- IV. Personnel Monitoring Instruments

i4, Beta and Gamma Instruments

14.1 Gamma-ray doses can be measured by ionization
chambers with walls of air-equivalent materials.” Tonization
chambers can be so constructed that an auxiliary electroscope
or electrometer is used to measure the ionization produced.
In an alternative construction (dosimeter) a quartz-fiber
electroscope is builé into the ion chamber, and the instrument
can be read without auxiliary equipment.

i4.2  Calibration should be carried out as described in
paragraphs 11.6 and 11.7.

14.3 A photographic film can be used for determining
beta and gemma doses. A portion of the film should be
shielded with about 1 mm of a suitable metal to prevent,
response to beta radiation and to improve the response to
higher-energy photons. Tin, silver, cadmium, or lead are
commonly used for this purpose as well as to reduce the
energy dependence of the film.
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144 Beta radiation can be determined from the blacken-
ing of the unshielded portion of the film, after suitable
corrections are made for gamma-ray exposure and absorption
by the film wrapping. Since most of the sensitive photo-
graphic emulsions are 15 to 20 times as sensitive to gamma
radiation of 50 to 100 kev as to gamma radiation of 1 Mev,
it is extremely difficult to estimate what fraction of the open-
window readings is due to beta and what fraction is due to
soft gamma radiation if both beta and soft gammes, radiation
are present in unknown quantity.

14.5 The film shall be processed with great care. Fresh
chemicals are to be preferred, but where this is impractical
the control films will serve as a check on the processing.
Constant agitation of the developer is usually recommended
but quiet solutions may be used if the process is standardized.
Developing temperatures shall be controlled to -1° F.
Standard exposed films shall be processed in each batch as
controls,

14.6  When visual comparison with control films exposed
to known amounts of radiation and processed simultaneously
indicates an exposure of more than one-fifth of the permis-
sible value, the film densities should be measured with
quantitative densitometer.

14.7 Photographic films should be calibrated with known
sources of radiation of the proper energy distribution to insure
the aceurate determination of the exposure.

14.8 Beta calibrations should be made under proper
conditions with known sources having energy distributions
similar to that of the radiation being determined and having
no gamma radiation softer than 1 Mev.

14.9  Films should have identifying markings produced by
& suitable X-ray exposure, by punch marks, or by other
suitable means of positive identification. If X-rays are used,
care must be taken to prevent fogging of the useful portions
of the films,

15. Neutron Instruments

15.1 Slow neutrons can be estimated with pocket foniza~
tion chambers containing boron either in the walls or in the
gas.

152 Calibration of these chambers can be made in
accordance with paragraph 10.8.

15.3 Fast neutrons can be estimated through proton-
recoll tracks in special photographic emulsions prepared to
be relatively insensitive to v radiation. The developed
emulsion must be examined with a microscope.
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Slow neutrons and fast neutrons can be monitored with the
same photographic emulsion if a portion of the film is covered
with & cadmium shield. The cadmium absorbs the slow
neutrons so that the proton-recoil tracks in the shielded
portion of the film will be due to the proton-recoil reaction
of fast neutrons with hydrogen; and the tracks in the portion
of the film that is behind the open window will be due both
to the N* (n, p) C"* reaction, which is produced by slow
neutrons, and the proton-recoil reaction with hydrogen,

154 The photographic plates can be calibrated by a
determination of the track density in similar emulsions
exposed to a standard neutron source.

V. Instrument Requirements

i6. General

16.1  All radiological-protection instruments should repro-
duce their own readings to -+ 10 percent of full-scale reading
at any peint along the scale. Survey instruments should be
provided with sensitivity adjustments capable of changing
the sensitivity by a ratio of about 2 to 1 so that calibrations
can be maintained, The sensitivity adjustment shall re-
quire the use of a screwdriver or other tool for operation, or
it should be recessed and covered or sealed in such a way as
to discourage its use except during calibration adjustment of
the instrument.

16.2 Batiery life should provide at least 100 hr of con-
tinuous operation, and the instrument sensitivity shall not
change by more than 10 percent with 50 hr of operation.
Battery connections shall be made with snap, serew, or plug
terroinals and not by soldering.

16.3 Weight shall be kept at & minimum.

16.4 All external surfaces shall be hard and smooth to
facilitate decontamination. Cracks and joints shall be kept
to a minimmum. Crackle paint finishes are not acceptable.

16.5 All instruments should operate under ambient con-
ditions of 90 percent relative humidity and over a tempera-
ture range of 20° to 125° T,

16.6  All instruments used for measuring electromagnetic
radiation should have scales marked in milliroentgens or in
milliroentgens per hour. Instruments used only for detect~
ing alpha and beta particles shall have scales graduated in
arbitrary units.

16.7 If multirange indicating meters exhibit only the
scale corresponding to the sensitivity at which they are set,
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it cils recommended that they conform to the following color
code:

Maximum reading (c/hr) Calor
00 and above... ... __ Fire-engine red,
50 t6 499 ... ..} Light magenta.
5 4o 49. ----| Orange.
0.5t04.9 . ¥Yellow.
0.05 to 0.49, ___ .| White.
0005400040 v Green-yeliow,
0.0005 to 0.0048. . oo Light-blue,

16.8 All instruments shall be constructed according to
the accepted standards of high-quality electronie instrumen-
tation. As far as possible, standard circuit components and
batteries shall be used. Wherever possible, components
shall conform to Joint Army-Navy specifications. A cir-
cuit diagram should be secured inside the case to facilitate
servicing.

17. Detecting Instruments
17.1  G~M tubes should have a well-defined plateauwheve

~ the counting rate with a constant source of radiation should

not cha,n%e by more than 5 percent per 100 v.

17.2  The length of the pliateau s0 defined should not be
less than 15 percent of the voltage at the center of the
plateau.

17.3  G-M tubes for general use should have an opaque
coating of effective thickness not greater than 5 mg/em?® to
prevent any discharges due to visible light when the tube is
exposed to direct sunlight. The coating shall not require
renewal during the life of the tube. It shall remain intact
after 24 hr of immersion in water.

17.4  G-M tubes used for detecting both beta and gamma
radiation (except for the bete radiation from (™ and 8%)
should have an effective wall thickness not greater than
30 mg/fem®

17.5 G~M tubes used for detecting beta radiation from
C* and 8% should have an effective window thickness not
greater than 5 mg/em?® and the thickness should be uniform.
As this may preciude the use of an opaque coating on the
window, the tube must be inherentﬂz nonphotosensitive.

17.6 Any movable shield designed to stop beta radiation
should have a thickness at least equal to the maximum
range of the fastest beta rays (approximately 1.0 g/em?).
The effect of bremsstrahlung can be reduced by using mate-
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rials of low atomic number on the side of the shield next to
the source and high atomic number material on the other
side, if necessary.

17.7 The instrument shall have a sensitivity such that a
significant indication is obtained with normal, natural back-
ground radiation. ‘

17.8 The meter should not read less than full scale when
exposed to radiation intensities from 1 to 100 times that
required to produce full-scale deflection.

18. Measuring Instruments

18.1 JXonization chambers designed for messuring electro-
magnetic radiation shall agree within £20 percent with a
standard chamber (see paragraph 11.8) for quantum energies
between 100 kev and 2 Mev. Chambers with greater accu-
racy are available if desired.

18.2 When calibrated with the gamma radistion from
Co® or from radium in equilibrium with its decay products
and shielded with 0.5 mm of platinum or its equivalent, the
mstrument shall read correctly within £10 percent of full
scale over all portions of the scale.

18.3 Whenever consistent with the wall thickness neces-
sary for obtaining the required energy response, chamibers
designed for measuring only electromagnetic radiation should
be hermetically sealed to withstand pressures from 1.2 to 0.6
times normal atmospheric pressure (76 cm of mercury) and
should show changes of sensitivity of not more than +10
percent over this pressure range.

18.4 Instruments designed for measuring only electro-
magnetic radiation should maintain calibration within 20
percent after 24 hr at 100-percent relative humidity and the
nsual ambient temperature.

18.5 Ionization chambers should be made as small as is
consistent with the required sensitivity.

18.6 Ionization chambers designed to measure alpha
particles in the presence of beta and gamma radiation shall
have dimensions such that the ratio ol the alpha response to
the beta response is as large as possible,

18.7 Tomization-chamber instruments with electrometer-
tube amplifiers should have an overall time constant such
that two-thirds of final reading is attained in not more than
3 sec for ranges at 50 mr or more per hour and not more than
6 sec for more sensitive ranges.

18.8 The insulation leakags in integrating-type ioniza-
tion chambers with ranges of 100 mr or greater shall be such
that a charged chamber placed in a region free from all but
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normal, natural background radiation shall have & discharge
rate not exceeding 2 percent of full-scale reading per 24 hr.

19. Personnel Instruments

18.1 The provisions of paragraphs 16.1, 16.3, 16.4, 16.5,
16.6, 18.1, 18.2, 18.3, 18.4, 18.5, and 18.8 shall also apply
to personnel instruments of the lonization chamber type.

19.2  Pocket-type instruments with built-in optical sys-
tems shall be sufliciently rigid to preserve proper alinement
and foeusing when the instrument is dropped in any orienta-
tion from a height of 4 {t onto a wood floor.

19.3 Electrometer-type instruments with built-in scales
shall be so constructed that relative rotation of scale and
fiber is impossible.

19.4 The scale reficle shall be so constructed that it is
not damaged by exposure of the instrument to direct sunlight.

19.5 The scale reading of electrometer-type mstrumenis
should not change by more than 2 percent of fuil-scale reading
with any change in orientation. If this condition cannot be
met, operating instructions should include a statement about
proper reading position.

19.6  Pocket ionization chambers and dosimeters should

* be color coded in accordance with the following code:

Range (r} Celor
S0Gorhigher. ... ... ....... Firg-engine red,
SOto 490 e Light magenta.
LR TR Crange,
058049 oo Yollow.

005 80 049 oo o e ncimaes Black.

19.7  Alarm meters should be so constructed that the
level of alarm may be preset to any value between 40 and
100 mr, but this adjustment shall be inaccessible to the
wearer.

19.8 The standard photographic film meter should con-
sist of sensitive film in a standard, dental size packet
{approximately 1% by 1% in).

19.9 The packet should contain one film with a useful
range of approximately 0.05 to 2.0 r. If desired, a second
film with a dseful range of approximately 1.0 to 10 r may be
put in the same packet. Useful range is defined as the por-
tion of the plot of optical density against log exposure that
has a slope not less than one-half that of the essentially
linear portion. The useful range will depend to some extent
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on the film processing procedures used. Paragraph 28.3
lists the sensitivity ranges of some commonly used photo-
graphic emulsions.

18.10  Approximately one-half of the film area should be
covered with. a shield of high-atomicnumber material as

specified in paragraph 14.3.  The shield should be so arranged -

that a portion of the film has a shield on both sides.

VI. Radiation-Survey Methods

The purpose of this section is to outline the recommended
procedures for making surveys of X-ray units and other
fixed sources of radiation and areas where radicactive mate-
rials are being handled and stored. Tt is more difficult to be
specific when radioactive materials are involved as the source
of hazard may be less sharply localized, conditions may
change rapidly with time, and the hazard cannot be reduced
or eliminated by turning off the power. Particular attention
is directed to those radiation hazards that are frequently
overlooked. These will be discussed under each type of
source. Care should be taken to insure that all instruments
used are suitable for the type and energy range of the ra-

diations. Further informafion on survey methods can be.

obtained from NBS Handbook 41, section 2.

20. General Recommendations

20.1 The survey should include a study of the laboratory
operating procedures, personnel habits, and the methods used
in handling sources. The survey should be made under
representative conditions and techniques, and under condi-
tions where the possible hazard would be greatest.

20.2 Except where noted, a preliminary scanning is recom-
mended with & G-M survey meter or with an instrument of
similar sensitivity. Because of the wavelength and direc-
tional dependence of such instruments, scanning should be
supplemented with ion-chamber readings if the preliminary
tests show a dosage rate of more than one-tenth of the
permissible value.

20.3 The instruments used for the survey should comply
with the following requirements: (a) Proper calibration, and
maintenance thereof, (b) proper sensitivity, {¢) small direc-
tional effect, (d) small energy dependence in the region of
interest, (e} small sensitive area, (f) saturation voltage for
ionization chambers, and (g) Geiger-Miiller counters not
subject to blocking or falling back of the reading when in
radiation fields grossly above scale.
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204 Written records of all surveys shall be maintained.
Reports of results of final surveys should be made to the
person responsible for the installation.

20.5 Dosage rates at critical points should be indicated
in milliroentgens per hour (or milliroentgens per 100 ma-sec
for radiography). If the locations cannot be positively iden-
tified by suitable deseription, they should be marked on a
scale drawing of the installation. 1f, at any of these positions
the permissible dose would be exceeded in a 48-hr week, the
maximum time that the personnel may remain at this posi-
tion shall be indicated. These positions can be identified by
numbers or letters on the scale drawing. A table can then
give the dosage rates and times for each of these positions.

20.6 The report shall include recommendations as to
corrections in the operational techniques, barrier thickness,
mechanical restriction of the radiation beam, or any other
factors that will eliminate radiation hazards in oceupied
positions,

20.7 H radiation hazards are found to exist, the surveyor
should make a reexamination after the fault has been
remedied.

20.8 Personnel monitoring should be recommended where
needed, and present techniques modified if unsatisfactory.

21. Radioactive-Isotope Monitoring

21.1 In making surveys it is desirable to establish as soon
as possible what isotopes are involved. This can usually be
done from an operational history of the areas. If other
radioactive materials are being used in nearby areas, the
possibility of cross-contamination must be considered. If
there is any uncertainty as to the isotopes involved, they
should be determined from assays.

21.2 Auborne contaminstion should receive first con-
sideration. Air samples should be taken for the tf'pe of
activity anticipated. If possible, these should be taken at
the breathing zone. Airborne contaminants are hazardous
and may become widespread in a relatively short time,

21.3 In area surveys, the speed of search should be
adjusted to the response time of the instrument used and
t0 the limits imposed by statistical fluctusations. With aural
or visual indication the response time does not impose 2
limit on searching speed.

214 Area surveys must be thorough. A spot that is
hard to reach with an instrument may be readily accessible
to contamination. All reasonably possible locations should
be suspect until proved otherwise.
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21.5 If contamination is found, decontamingtion should
be started promptly. See National Bureau of Standards
Handbook 48 ° for details. o )

21.6 If any possibility of personnel contamination exists
frequent surveys with scanning instruments should be made.

21,7 All personnel should have their hands (front and.

back) and shoes checked when they leave a potentially
contaminated area,

21.8  All manipulative techniques should be carefully
observed and dosage rates measured at the various phases of
the operations. Time limits should be established for all
procedures that are found to produce hazard, It should be
msisted that every procedure be carefully planned and re-
hearsed with nonradioactive materials.

21.9 Al shielding should be carefully inspected for con-
tamination and for possible radiation leaks. This should
include floors, walls, ceilings, and adjoining spaces.

21.10 Periodic surveys of the surroundings should be
made. If possible, the ducts from hoods should be surveyed
throughout their entire length. Sludge from sewers should
be assayed for activity, and air samples taken from air duct
exhausts, Careful surveys should be made and samples
taken for assay from any suspect traps. o

21.11  Whenever there is any possibility that radioactive
isotopes have entered the body; urine samples, and breath
samples if indicated, should be taken and subjected to
lahoratory analysis, ) )

21:12 The ultimate disposition of radioactive wastes
should be carefully checked, It should be borne in mind
that decontamination procedures merely move the contam-
inants from one place to another,

22. Medical Installations

22.1  Dental X-ray units. Theseunits are usually operated
at 50 to 70 kv at a current of 10 ma. Common hazards are
(a) exposure to the direct beam if pointed toward occupied
arces 1n the same or adjacent rooms, (b) scattered radiation,
especially that from the patient, and (e) multiple sources
particularly if several units are in the same room. The
exposure rate is usually too high for G-M scanning except
in adjacent rooms. An ion chamber calibrated for low-
energy photons should be used at the operator’s position
and at other occupied regions in the room. Masonry walls

s Handbook 48, Control and removal of radioactive contamination in Iaboratories (1951).
¥ 8Bee alse, National Bureau of Standards Handbook 41, Medical Xray protection up to
2millien volts, section 2 (1949) and Handbaok 5, X-ray protection design (1952).
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and concrete floors and ceilings usually provide sufficient
shielding for adjacent rooms.

22.2  Fluoroscopy. These units usually operate at volt-
ages up to 100 kv at 3 to 5 ma. Common hazards are
(a) the useful beam that may extend beyond the fluoroscopic
screen and its lead glass at maximum beam size and target-
screen distance, (b) scattered radiation from the patient and
the undersurface of the table top, (c) absence of a cone
between tube housing and table top, (d) inadequate shield-
ing of the tube enclosure against the direct beam, (e) too
short a target-table distance and omission of filter, () filter
too thin or totally lacking,

auxiliary fluoroscopic sereen can be used to scan for
useful-beam leakage, partivalarly at the edges of the screen.,
A G-M scanning meter is usually too sensitive for use in the
fluoroscopic room, but it may be useful in adjacent areas,
An ion chamber can be used in front of the lead glass and at
all oceupied positions in the fluoroscopic room.

Measurements should be made of the dose to the patient
(. e., at table surface) at maximum operating voltage and
current.

All protective materials such as gloves and aprons, should
be tested to determine if they comply with the recommen-
dations of NBS Handbook 41.

22.3 Radiography. Usual operating conditions are 40 to
135 kv at currents up to 500 ma. Common hazards are:

{a) Scattered radiation around or over protective screens
or to control booth where no door is provided.

(b) Scattering under doors and at junctions of walls with
floor and ceiling if no lead bafile is provided.

(¢) Useful beam and scattered radiation passing through
windows in outside walls into occupied regions nearby.

{d} Holding the patient or film during exposure.

The X-ray tube should be operated at a reduced current
but at the usual operating voltage to permit sufficient time
for reading survey meters without overloading the X-ray
tube and to minimize the possibility of lack of saturation in
ionization chambers or blocking of G-M tubes.

Scanning of adjacent rooms and the floor below should be
done with a G-M survey meter or equivalent mstrument.
Measurements should be made with the X-ray beam pointing
directly at the instrument. Ion-chamber measurements
should be made at the operator’s position and at other habit-
ually occupied locations where the G-M survey-meter reading
exceeds one-tenth of the permissible value. Tests should be
made in processing and film storage rooms to insure that
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unexposed film cannot be exposed to more than 0.3 mr
during its total storage period. '

22,4  Therapy wp to 400 kv. Therapy units operate ab
from 10 to 400 kv, d epending upon the type of equipment.
Cormmon sources of hazards arve:

(8) Scattering around or over protective screens or into
control booth W%:lere no door is provided.

{(b) Scattering under doors and at junctions of walls with
floor and ceiling if no lead baffle is provided.

{¢) Useful beam and scattered radiation passing through
windows in outside walls into occupied areas nearby.

(d) Seattering from nearby buildings or from the floor of
the room below if the treatment-room floor is insufficiently
shielded.

(e) Leakage avound doors and observation windows.

The equipment should be operated at maximum field size
and at maximum current and voltage, with the minimum
filter used for that voltage. Measurement on the useful
beam should be made (a) without a patient in place, (b} in
all directions in which the beam can be used, and (¢) with
the beam directed toward the instrument. Moeasurements
of scattered radistion should be made during the treatment
of & patient or with a phantom. :

22.5 Therapy units above 400 kv. These are discussed in
paragraph 23.8.

23, Industrial Instaliations

28.1  Television receivers. The X-rays produced in tele-
vision receiver tubes usually have energies of 15 to 25 kv
and henee are almost completely absorbed in the tube face.
Furthermore, many sets are provided with a plastic or glass
screen in front of the viewing surface, and this further de-
creases the radiation hazard. However, there s a tendency
toward the use of higher voltages. Projection-type tubes
{which operate at above 25 kv) may have insufficient atten-
uation to X-rays as a thinner envelops can be used in these
smaller tubes. It is essential, therefore, that each type of
television tube be tested for X-ray emission.

The survey should be made at maximum anode voltage
and with maximum current for the voltage. The raster size
should be at least as large as the window of the ion chamber
for measurements at contact. The X-ray dosage rate is
approximately inversely proportional to the raster size at
contact, but at ordinary viewing distances, size i not an
important factor.

A G-M survey meter or equivalent should be used for
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scanﬂin%to locate the source and direction of maximum radi-
ation. Usually the emission of detectable X-radiation is
limited to the face of the television picture tube.

Quantitative measurements should be made with an ion
chamber that has a minimum wavelength dependence in the
television voltage range as determined by calibration against
a standard free-air chamber. The usual heavy-walled cham-
bers are unsuitable for this voltage.

23.2  Electronic tubes. Any electronic tube operating at
1,000 v or more is a potential source of X-rays. The radia-
tion may be soft but it may also be intense because of the
relatively large currents. In most cases the tube enclosure
is sufficient to attenuate the soft X-rays adequately, but
this is not always the case.

The emission of X-rays from rectifier tubes may increase
when 8 low filament temperature increases the voltage drop
across the tube when it is conducting. Radiation may result
from a “cold discharge” or from the presence of gas. The
radiation from individual tubes, even of the same type, may
therefore vary widely.

In general, radiation hazards from this type of equipment
can only be determined with instruments capable of measur-
ng very soft X-rays.

23.3 X-ray diffraction unifs. The main hazard is acei-
dental exposure to the intense useful beam, which may have
9 dosage rate of more than 50,000 r/min. This hazard is
particularly serious where the equipment is used for produc-
tion work such as crystal orientation.

The radiation survey shall be carried out with instruments
suitable for the measurement of very soft radiation in beams
of small cross section. Misleading and dangerous conclu-
sions would be reached by measurements with an ordinary
ionization chamber under conditions such that the larger
part of the radiation is absorbed by the chamber, or that
the cross section of the beam is smaller than the cross section
of the ionization chamber.

Because of the high intensity, special precautions should
be taken to insure saturation of the ionization chamber,

23.4  Electron microscopes. The principal sources of stray
radiation are the primary viewing port, the specimen port,
the diffraction port, and viewing port. In older units inade-
quate shielding was frequently provided at these ports and
the dosage rate was above the permissible level. X-ray
films are very useful in locating these sources of radiation
leakage. The determination of the radiation levels requires
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precautions similar to those mentioned above under X-ray
diffraction units.

23.5 Fluorcscopic instellations. In some respects indus-
tria] fluoroscopy presents greater hazards than medical fluor-
oscopy. Industrial installations frequently are operated

8 hr a day and the object seldom covers the entire fluoro- -

scopic screen. On the other hand, it is possible to protect
the operator completely against scattered radiation. The
common sources of radiation leakage are through and around
the lead glass. Where no mirror s used, the useful beam is
directed at the operator, and even a small crack in the
shielding may cause serious imjuries. Such cracks can be
detected with the Geiger counter or by means of a fluoro-
scople sereen or X-ray films.

23.6 Radiography. The survey procedure is similar to
that used for medical radiographic installations. The in-~
dustrial installations, however, present greater hazards as
the load factor is usually higher and the orientation of the
useful beam less restricied. Furthermore, the X-ray tube
distance to occupied areas is frequently short, especially for
cabinet-type installations. .

28.7  Radiography in unprotected rooms. This {ype of
installation is safe only if ifs operation is restricted by
Hmitations set by the protection survey. It is important,
therefore, that the radiation levels be accurately determined
for all operating positions of the X-ray tube and orientations
of the useful beam. Because of the high radiation level,
precautions should be taken to assure saturation voltage in
ionization chambers, Any limitations that must be imposed
should be conspicuously posted near the equipment controls.

23.8 Xray installations from 401 to 3,000 kv. The sur-
vey procedures for medical and industrial installations in
this voltage range are nearly identical, and this section,
therefore, includes both applications.

Concrete is generally used for shielding, and it is essential
to make a very complete scanning in order to detect hidden
cracks and air spaces. Often the protective value of the
barrier is reduced by ventilating ducts, electric pull boxes,
and expansion joints. The possibility of leakage around
sliding doors and observation windows should also be checked
by scanning.

Another frequent source of radiation hazards is multiple
scattering into occupied areas. This is especially the case
with industrial installations where wide beamns are used and
the walls are not extended to the ceiling.
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VIIL. Appendix

24. Air-Sampling Equipment and Methods

24.1  The concentration of radioactive materials in air is determined
by alaboratory eount made on suitably collected and prepared samples,
Filters, electrostatic precipitators, or impingers of various designg can
be used to cellect the samples. Care must be taken to insure that the
sampling device collects all particle sizes desired.

24.2  In a filter colleator a known volume of air is drawn through a
specially designed filter paper on which the particulates are deposited.
fl‘hg a,cthgy of the paper is delermined with a suitable laboratory-type
ingtrumen

. 24.3  Partieulates carried by a known volume of air can be deposited
in an electrostatic precipitator from which the collecting electrode can
be removed and either used as an electrode in a proportional counter or
counted by other means.

24.4 Electrostatio precipitators should not be used where explosive
fumes may be present.

24.5 Impingers collect particulates as a jet of air is directed against
& glass slide or other suitable backing which is usually coated with =
thin layer of oil or vaseline. The deposit from a known air volume
is counted by usual methods.

24.6  Noncondensable gases shall be sampled with special equip-
ment devised for the particular materiai, P e

247 The size of the alr sample may vary, dopending on the con-
ditions. A sample of 10 m? is sufficient for practical assays of alpha
confalg}nants down to one-tenth of the maximum permissible con-
centration.

248 Direet counting from the surfaces on which the sample has
been collected is desirable. Beta and gamma radiations can be deter-
mined by using & G-M tube of known geometricsl efficiency, Alpha
particles can be counted in a proportional counter or an ionization
chamber of known geometrical efficiency.

24.9 When alpha particles are being counted, corrections should
be made for the loss due to penetration into the filber material. Such
correction factors can be obtained by chemical analysis of a number of
filters exposed in the same location. '

25. Analysis of Water Samples

25.1 If # is known which particular isotope may be the contami-
nant, a specific analysis for this material may be made.

252 If the beta-emitting contaminant is not known or if there are
several possibilities, a direct measurement of the residue from evapora-
tion can be made. Some uncertainiies resuit, becanse of unknown
self-absorption and absorption in the counter window.

25.3 Results obtained by direct measurement of the residue for
alpha emitters are generally gualitative in nature. Specific analyses
are much more sensitive and reliable.

25.4 If the activity is of gaseous or volatile nature, again specific
analyses should be made.

25.5 For obtaining a sufficiently sensitive result, it will be found
that the smallest workable sample is of the order of 100 o 500 mlL
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26. Beta-Particle Counting

26,1 Reasonably acourate values for most isotopes mounted on
small plates can be chtained by the use of end-window Geiger counters
{mica window or windowless-fiow type) or by the use of proper pro-
portional counters.

26.2 'The counting rate should be corrected for the following factors
for the individual isotope concerned:

(a) Geometry. The solid angle subtended by the counter and the
source ig usually not equal to the physical solid angle beeause of the
unknown sensitive volume of the tube. )

(b) Source size. The geometry for an extended souree is smaller
than for a point source because of the smaller solid angle subtended by
the activity at the edge of the source. For this reason and because of
the difficulty of producing a uniformn coating on the plate, & large
error is possible in the measurement, . .

{(¢) Backscatter. A fraction of the particles leaving the source in
the opposite direetion from the counter will be scattered into the
counter by the plate on which the source is mounted. This may be
measured by placing a source on thin (0.2 {o 0.5 mg/em?) film and
measuring with and without the backing. This factor is reasonably
constant for the same backing material with isotopes of maximum
energy above about 0.6 Mev.

Approzimate values of backscatier for several materials measured with
28 percent geometry and a 8 mg/em? mica window

Material Backseatter
Pereent
L€ T U 22
mingm 28
Stainless steel (0.004 in.) 3
Platinum 7
11 S 80

{(d) Absorption in window. DBecause of the continuous spectrum of
particles emitted from a beta source, a fraction of the particles will be
ahsorbed in the window of a mica-window counter and in the air
between the counter and the source. As the first part of the absorption
curve for a beta emitter is approximately Ilinear on a semilogarithmic
plot, this effect can be measured by counting the source with several
thin absorbers and extrapoiating through the thickness of the window
and air to zero absorber. The slope of this line can be expressed as m
in the egquation N/Ny==e ™= for use when the isotope is known. (Nis
the measured counting rate, N, is the extrapelated counting rate, and x
is the combined effective thickness of the window and air.)

{e) Self-absorption. When the sample contains a large enough
quantity of material, s fraetion of the particles will be absorbed in the
sample itself, This can be measured by preparing a series of plates
with varying amounts of stable material and the same amount of an
active isotope. This curve can then be used for correeting analytical
results.

An approximation of the self-absorption factor can be made by use
of the equation
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= (1—em),

Nemﬂ:

where N is the measured counting rate, N is the true counting rate,
m I8 the absorption coefficient as measured in (d) and = is the thickness
of the sample.

{f) Coincidence losses. With high counsing rates some loss will
oeeur beeause of a second particle arriving while the eounter is inopera-
tive from a previous discharge. A correction factor for coincidence
losses can be obtained by counting several low activity sources indi-
vidually and together.

26.3 Individual counters may.be calibrated by the use of standards
available from the National Bureau of Standards. Direct comparison
of results can be made ouly when the isotope being measured is the
same as that used for the standard. If other isotopes are o he
measured, the standard may be used to oblain the geometry by cor-
recting for the factors given in paragraph 26.2 and the measurements of
the samples can then be corrected by the appropriate factors. This
method gives only an spproximately correct value as geomeiry,
absorption, and backscatter depend upon the energy of the particles.

26.4 Air samples coliected on filter paper or with an electrostatic
precipitator can be counted by wrapping the paper around s thin-
window cylindrical counter. Calibrations may be made by preparing
sources with known amounts of activity as measured with end-window
counters and comparing with the sampie. Correction should be made
from the radon and thoron daughters collected, which ean be estimated

from decay curves of the samples.

27. Alpha-Particle Counting

27,1 Alpha emitters can be measured with pulse counters, propor-
tional counters, or scintillation counters of the proper design.

L 212 Qharacteristics of the measurement whish may introduce
inaceuracies are:

(&) Self-absorption. Because of the short range of the alphs particle,
the self-absorption is usually very irnportant. Generally, & chemical
separation is advisable if the sample contains much inert substance.

(b) Response across the chamber., Many chambers have a loss in
sensitivity at the edge. The chamber should be checked with a point
source to indicate the magnitude of this Joss with the sample size used.

(e} Coincidence losses.  Those pulse counters which have long reso-
fution times will have high-resolution losses. This can be esfimated
by counting a number of low-activity sources individualiy and then
together.

27.3  Air saraples collected on filter paper or with an electrostatic
precipitator can be counted directly on pulse or proportional counters
if correction is made for self-absorption and for the alpha-emitting
daughters of radon and thoron.

27.4 A correction for the thoron content of the air sampled may be
made by use of the equation

I

Jmg—hAE
where A is the counting rate of an alpha emitter with a long half-life,
Ny is & measurement made 4 to 6 hr after the sample is taken (to allow
the radon daughters to decay), N, is a second measurement made 18 to
24 hr after the sample is taken, A ¢is the time interval between measure-
ments, and M is the disintegration constant of Th B.
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28. Useful Pertinent Data

28.1 Proton ranges in paraffin are shown in figure 1.

28.2 Range of bets particles in aluminum is represented in figure 2.

288 The following table shows sensitive ranges of photographic
emulsions. The values given are based, except as noted, on g maximum
useful optical density of 3.0 as obtained with the developer listed.

Ansco Non Sereen. ...
Anseo Super Ray ..
Eastman type A._._.

Dupont 552 (insensitive} ..
Eastman Cine Positive No
Dupoent 5562 (sensitive}....
Angeo Buper Bay....
Dupont §05 mn
Eastman Cine Positive No. 5302. .

Ansog IO SOr8D. e mn v mee
Prapont 552 (insensitive) . .. oou-
Eastman Kodalith No, 6567. ...
Eastmoan Cine Positive No, 5301 ...
THIPORE 608 -« e e
Fastman Cine Pesitive No. 5802 .
Bastman 348-¢ Deuble Coat.......
Eastman 518-0 Single Coal......-

Emulsion Developer Useful range (1)
Rastman type A 0.05 to
Dzrpont 552 (sensitive) 1 EO
0

o+
=

Ot

ocooooD

to 2
100

to 100 {d=0.9)
300

to 260
25

to 1,000 {d=1.9)
250
800

to 2,520 (d==2.8)

to 3,000

to 2,500
to 10,000
&0 20,000

98.4 Camma activity of radon is given in figure 3.

285 Rate of build-up of radon daughiers on collector is shown in

figure 4.

98,6 Decay rate of alpha-emitting radon daughters appears in

figure 5.

28.7 Pigure 6 represents the decay rate of beta-emitting radon

daughters.
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Decay rate of alpha-emitting daughters of radon,

Collection rate equals one disintegration per second of each daughter per minute.
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Submitted for the National Committee on Radiation
Protection.

Lavrisron 8. Tavior, Chairman.
‘Washington, September 1951,
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