


Addendum to National Bureau of Standards Handbook 59, Permissible Dose 
from External Sources of Ionizing Radiations 

(Extends and replaces insert of January 8. 1957) 

(This addendum will necessitate changes in the follo\,.dng NBS Hand~ 
book~: 42,48,49,50,51,.52,53,5,1,55,56,58.) 

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 philqsophy 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) clarification of the 
earlier statement and (2) modification or extensio"n 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. Since many of the handbooks are 
followed closely in planning radiation opet:ations in the TJnited States, 
and since the modification of a handbook may require many months 
of eifort, it seems wise to makQ the over-all guiding principles available 
in advance of the reissuance of the revised handbooks. These guid~s 
are not designed to take the place of any of the handbooks; the prin~ 
cipies 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. 

Since the statement of an average per capita dose for the" whole 
population does not directly influence the substance of the NCRP 
Handbooks, no further statements regarding such a number will be 
made at this time. In any discus$ion of the MPD it is impractical to 
take into consideration the dose from natural background and medical 
or dental procedures. 

The changes in the accumulated MPD 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 opin"ionj it is recognized that there are still 
many uncertainties 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 
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involved in delaying the activation of these r(>commclldations is very 
small if not negligible. Conditions ,in existing installations should 
be modified to meet the new r('commendations as soon 'a~ practicable, 
and the new MPD limits should be used in tl~e design and planning of 
future apparatus and installations. Because of the impact of these 
changes and the time required to modify existing equipment a~d 
installations, it is recommended on tJ).e basis of present knowledge that 
a conversion period of not more than 5 years from January 1957 
(see footnote 1) be adopted within which time all necessary modifica
tions should be completed. 

The basic rules and the operational guides outlined below are in
tended to be in general conformity witIl 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 distinction between b{l.sic 
MPD rules or requirements, and operatiohal or administrative guides 
to be used according to the speCial requirements in any particular 
situation. Guides have the distinct value of retaining some reason
abl.e. degree of uniformity in the interpretation of the basic rules. 

The risk to the iniJividual is not precisely determinable but, however 
small, it is believed not to be zero. Even if the injury should prove 
to be proportional to the amount of radiation the individual receives, 
tQ the best of our presen't knowledge, the new permissible levels are 
thought not to con'stitute an unacceptable risk. Since the new ruleR 
are designed to limit the potential hazards to the individual and to the 
rep.roductive cells" it is therefore, necessary to cOlltrol the radiation 
dose to the populatioll as a who!e, as well as to the individual. F-or 
this reason, maximum permissible doses are set for the small percentage 
of the whole population who may bc occupationally exposed, in ord(!r 
that they not be involved in risks greater than are normally acceptC'd 
in industry. Also radiation workers represent a somewpat selected 
group in that individuals presumably of the greatest suscep,tibility 
(i. e., infants and children) are not included. However, for the persolls 
located immediat~ly outside of controlled areas but who may be 
exposed to radiation originating in controlled art' as, the permissible 
level is adjusted downward from that in the controlled area because 
the number of such persons may Hot be negligible. 'Vith this do,,'n
ward adjustment, the risk to the ind£vidunl is, negligible so that small 
transient deviations from the prescribed 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 additioll, the N'CRP reemphasizes its 
long-Rtanding philosophy that radiation expos\1r~s from whatever 
sO.llrces should be as low fiB practical. 
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Definitions 

For the purposes of these guides, the following definitions are given: 
Controlled area. A defined area in' which the occupational exposlire 

of p_ersonnel to radiation or to radioactive material is under the super~ 
\'ision of an individual' in charge of. radiation protection. (This im~ 
plies that a controlled area is one that requires control of access, occu
paney, and working conditions for radiation protection 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 t9 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 Radiological Unjts and Meas
I1rements, 1956, NBS Handbook 62, p. 7.) 

Basic Rules 
1. Accumulated Dose (Radiation Workers). 

A. External exposure to critical organs. 
Whole body, 'head and trunk, active blood-forming organs, or gonads: 

The maximum permissible dose (MPD), to the most critical organs, 
accumulated at' any age, -shall not exceed 5 rems multiplied by the 
number of years beyond age IS, and the dose 'in any 13 consecutive 
weeks shall not exceed 3 rems.z 

Thus the accurn\llated MPD= (N-lS) X5 rerns, where N is the age 
in years and is greater than-18. 

COMMENT: This applies to radiation of sufficient penetrating 
power to affect a significant fraction of the critical tissue. (This 
will be enlarged upon in the revision of H59,) 

B. External exposure to other organs. 

Skin of whole body: MPD=lO (N-IS) rems, and the dose in any 13 
consecutive weeks shall not exceed 6 rems.3 

COMMENT: This rule applies to radiation of low penetrating 
power. See figure 2, H59. 
Lem 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 limitation of 3 rems in 13 weeks is basically the same as in HS9 except that 
it is no longer r('iuted to the old weekly dose limit. The yt'arly limita.tion is 12 roms instead 
of the 15 rems as gh·en in the NCRP preliminary rccomm~'ndtions of January 8, 1957. 

3 This is similar to the 1954 (I{S9) recommendationS in that the pcrmissibie skin dose is 
double the whole·body dose. H59 made no stutem)jnt regarding a la·week limitation. 

(3) 

\ 



Hands and forearms, feet and ankles: MPD=75 rems/year, and the 
dose in any 13 consecutive weeks shall not exceed 25 rems} 

C. Internal exposures. 

The permis~ible levels from internal emitters will be consistent ,as 
far as possible with the age~ptoration principles above. Control 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 radioactive materials in the air, water, or 
food taken into the body. Since it would be impractical to set different 
MPC values for air, water, and food for radiation workers as a ftinction 
of age, the MFC values are selected in such a manner that they conform 
to th~ above~stated limits when applied to the most restrictive case, 
Yiz., 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 occupational exposure to radiation 
permitted at age less than 18). The factors entering- into the calcula~ 
tions w~ll 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 
data are available, or are calculated on the basis of an averaged annual 
dose of 15 rems for most individual organs of the body,S 30 rems when 
the critical organ is the thyroid or skin, and 5 rems when the gonads 
or the whole body is the critical organ. For bone seekers the maximum 
p~rmissible limit 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 maximum permissible body burden of 0.] p.f!, Ra226 

plus daughters. 

2. Emergency Dose (Radiation Workers). 
An accidental 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 exposure 
status of that person (see p. 69, H59).6 

3. Medical Dose (Radiation Workers). 

Radiation exposures resulting from necessary .medical and dental 
procedures need not be included in the determination of the radiatioll 
exposure status of the person concerned.6 

4 This is basically the same as the 19:54 (H59) recommendations ex()('pt for tilt' 13,w{>l'k Iimi· 
tation. 

5 This Is basically the same as the 1953 (H52) recomm<'lldu.tions. 
6 This is the same as the 1954 (H59) recommendations. 
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4. Dose to Persons Outside oj Controlled Areas. 

The radiation or radioactive material outside a controlled area, attri~ 
butable to normal operations withi~l the controlled area, shall be such 
that it is improbable that any individual will receive a dose of mor{' 
than 0.5 rem in any 1 year from external radiat~on. 

The maximum permissible average body burden of radionuclides in 
persons outside of the controned area and attributable to the opera
tions within the controlled area shall not exceed one-tenth of that for 
radfation workers.? This will normally entail control of the average 
concentrations in air or water at the point of intake, or rate of intako 
to the body in foodstuffs, to levels not exceeding one-tenth of th{' 
maximum permissible concentrations allowed in air, water, and food
stuffs for occupational exposure. The body burden and concentration~ 
of radionuclides may be averaged over periods up to 1 year. 

The maximum permissible dose and the maximum permissible 
concentrations of radionuclides as recommended above are primarily 
for the purpose of keep~ng the average dose to the whole population as 
low as reasonably pOSSible, and not because cif specific injury to the 
individual. . 

COMMENT: Occupancy-factor guides will be needed by several of 
the subcommittees. It will be important that these do not differ 
markedly between different handbooks. The Executive Committee 
will endeavor to establish a set of uniform occupancy-factor guid{'f;. 

Operational and Administrative Guides 

5. The maximum dose of 12 rems in any 1 year as governed by tho 
13 week limitation, should be allowed only when adequate past and 
current exposure records exist. The .allowance of a dose of 12 rems 
in any 1 year should not be encouraged as a part of routine operations; 
it should be rega~ded 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 excc-ed his age-prorated allo\vance, 

6. The full 3-rem dose should not be alloy.,·ed to be taken within a 
short time interval under routine or ordinary circumstances (howe1{er, 
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 '3 rems in any 13 consecutive weeks. When 
the individual is. not personally monitored and/or personal exposure 
records are not maintained, the exposure of 12 rems in a year should 
not be allowed; the yearly allowance under these circumstance$ should 
be 5 ,rems, provided area surveys indicate an adequate margin of 
safety~ 

1 This is basically the same as the recommendatiolls of January 8, 1951. 
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7. When any perSOll accepts (~mploymcnt ill radiation work, it shall 
be assumed that he has receiv('d his age-prorated dose up to that time 
unless (1) satisfactory records from prior. radiatioil 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 exp.osures at 
radiation levels approaching the yearly maximum of 12 rems up to the 
time he reaches his age-prorated limi~. Application of these principles 
will s~:rve to minimize abuse. 

S. The new MED 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. 
It is also implicit that at 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 whieh an 
occupational exposure may be delivered. Therefore, it has beeIl agreed 
that the dose, to a radiation worker should not exceed 3 rems in any 
13 consecutive weeks. 

10. The latitude that may app.ropriate1y be applied in the opera
tional and adwinistrative control of occupational exposure will be 
dictated, by two major factors (a) the type of risk itivolved and th(\ 
likelihood o(the occurreJice of over-exposures and (b) the monitoring 
methods, equjp,ment, and the dose recording procedurt's available to 
the radiation Users. Where the hazard~ are millimal and not likely to 
change from day to day or where there are auxiliary controls to insure 
that the 13-we('k limitation will not be exceeded, the integration may 
be carried out over periods up to 3 months. Where the hazards an~ 
Significant and where the' exposure experience indicatt's unpredictability 
as to exposure levels, the doses should ,be determiilcd 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 installa.tions (medical and industriaJ), 
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 OVi'!r-exposures will not occur-otherwise frequent sampling 
tests should be specified. Where film badges arc used for monitoring, 
it is preferable t~at they be worn for 4,wceks or longer, since otherwise 
the inaccuracy of the readings may unduly prejudice the radiation 
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history of the individuaL Where operations are not routine or arc 
subject to unpredictable variations that may be hazardous self-reading 
pocket dosimeters, pocket chambers, or other such device~ should al~~ 
be worn and should be read daily' or morc often as circumstance~ 
dictate. 

12. Except for planning, convenience of calculation, design, or ad
ministrative guides, the NCRP will discontinue the use of a weekly 
MPD or MPC.' 

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. 

8 This represents a minor change from the NCRP recommendations of January 8, 1957, but 
no change in the basic MPD. 

April 15, 1958. 
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Preface 
The Advisory Committee on X-ray and Radium 1'1'0-

tection was formed in 1929 upon the recommendation of 
the International Commission on Radiological Protection, 
under the sponsorship of the National Bureau of Standards 
and with the cooperation of the leading radiological organi
zations. The small committee functioned effcctively 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 enlarge its scope and 
membership and should appropriately change its title to be 
more inclusive. Accordingly, at that time the name of the 
committee 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 subcommittees is charged 
with the responsibility of preparing protection recommenda
tions in its particular field. 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 Medical Association: H. B. Williams. 
American Radium Society: E. Quimby and J. E. Wirth. 
American Roentgen Ray SOCiety: R. R. Newell and J. L. Weatherwax. 
National Bureau of Standards: L. S. Taylor, Ohairman. 
National Electrical Manufacturers Association: E. Dale TJ.·out. 
Radiolo~"ical Socie:~y of North America: G. Failla and R. S. Stone. 
U. S. AIr Force: W. S. Cowart, Lt. Col. 
U. S. Army: D. A. York, Lt. Col. 
U. S. Atomic Energy Commission: K. Z. Morgan and Shields Warren. 
U. S. Navy: W. H. Sullivan. 
U. S. Public Health Service: H. L. Andrews and E. G. Williams. 

II 

The following are the subcommittees and their chairmen: 
Subcommittee 1. 
Subcommittee 2. 
Subcommittee 3. 
Subcommittee 4. 

Subcommittee 5. 

Subcommittee 6. 

Subcommittee 7. 

Subcommittee 8. 

Permissible Dose from External Sources, G. Failla. 
Permissible Internal Dose, K. Z. Morgan. 
X-rays up to Two Million Volts, H. O. Wyckoff. 
Heavy Particles (Neutrons, Protons and Heavier) 

D. Cowie. ) 
Electrons, Gamma Rays and X-rays above Two 

Million Volts, H. W. Koch. 
Handling of Radioactive Isotopes and Fission 

Products, H. M. Parker. 
MonitOring . Methods and Instruments, H. L. 

Andrews. 
Waste Disposal and Decontamination, J. H. 

Jensen. 

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 recommendations 
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 mdlcate the types of measurements and instruments 
that are necessary for determining the adeqnacy 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 N u~lear 
Sciences of the National Research Council is preparing 
detailed reports on specific instrumentation problems and 
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. ANDREWS, Chairman. 
C. B. BRAESTRUP. 
J. HEALEY. 
R. E. LAPP. 

W. H.RAY. 
J, E. ROSE, 
E. G. WILLIAMS. 

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

I. General 

1. Scope of Report 

It is imperative that users of radioactive materials and 
other sources of radiation take adequate measures to prevent 
overexposure of persorme!. 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 selecting 
suitable instruments for measuring them. No attempt will 
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 natural 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 
intermediate case, where the gTeatest 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 are 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 distinction has been made 
between scanning and measuring radiation. Scanning 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 ~val
uation of hazardous radiation is not generally a straIght
forward problem. This is particularly so in. situations 
involving a mbctnre 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: 1 

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 kin~ and quantit~ of 
radioactivc materials present by phYSICal or chemICal 
measurements. 

2.4 Air-equivalent. Descriptive of materials for walls 
and electrodes of ionization chambers selected to pro~uce 
ionization. for proton or ele?tr.on. me.asurement esse,ntt!,lly 
equivalent to that m a free-all' IOnIZatIOn chamb~r. rhls 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. .. 

2.6 Dose meter. An instrument tbat measures radIatIOn 
dose. 

2.7 Dose rate. The radiation dose delivered per unit 
time. h 

2.8 Electromagnetic radiation. For purposes of t e pres-
ent report, X-rays and gamma rays. . . . 

2.9 Exposure.' The total quantIty of radIatIOn at a 
given point, measured in air. The measurement of exposure 
is made at a given 1'0mt m the radiatIOn field WIthout the 
presence of a scattermg body. 

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

1 For more critical definitions, see "Glossary of Terms in Nuclear Science and 'l'echnology," 
National Research Council. ... . 

2,3 The terms "dose" and "exposure" arc frequently used loosely wl!h no clear !-hStlI).CtlOD 
between their meanings. The definitions given h~t'e d~ not ag~ee WIth those given ill the 
NBS Handbook 41 because of concepts developed smce Its pubhcation. 

2 

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

2.12 Electrometer tube. An electronic tube specially 
designed and constructed to' measure very small electric 
potentials. 

2.13 Electroscope' An instrument for detecting the 
presence of an electric charge on a body. 

2.14 Flux. A rate of flow across a unit area. For ex
ample, a neutron flux is the number of neutrons that cross 
1 cm'/sec. 

2.15 Geiger-Muller 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 Ionization. The process whereby a neutral atom or 
molecule is split into positive and negative ions. 

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

2.18 Ionization 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 
a person for the purpose of detecting or measnring radiation 
received by him. 

2.20 Proportional counter. A chamber equipped with 
suitable electrodes and operated at voltages high enough to 
produce ionization by collision and adj usted so that the total 
ionization per count is substantially proportional to the ioni
zation produced by the absorption of the radiation per 
event. 

2.21 Radiation. Energy propagated through space. 
2.22 Radiation field. Region in which radiation is prop

agated. 
2.23 Roentgen (r). The international unit of quantity 

for hoth 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 International 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 gamma-

4. Ii 'fhere is some confusion in the usages of the terms "electrometer" and "electroscOpe," 
but the definitions given sQffioo for this report. . 
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radiation such that the associated corpuscular emlSSlOn 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 is ignored, and a beta-ray dose of one rep is said to be 
physically 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". 

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

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

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

3. General Principles of Hazard Control 

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

3.2 Entrance 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, (e) decontaminating where control has failed, 
and (f) enforcing 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 minimum to be sought by (a) reducing the 

e See NBS Handbook 47, Recommendations of the International Commission on Radio
logical Protection and of the International Oommission on Radiological Units (1950). 
Further reports on permiSSible dose are in the course of preparation by the National Commit· 
tee on Radiation Protection. 
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time of exposure, (b) increasing the distance from the source 
and (c) interposing shielding. ' 

4. Airborne Hazards 

4.1 Labora~ory air and air disch~rge~ from tJ::e laboratory 
should be momtored for radIOactIVIty If there IS any possi
bility of airborne contamination at hazardous levels. . 

4.2 Continuous sampling of airborne particulates (section 
VU) can be used to determine concentrations of beta and 
gamma emitters provided the' samples truly represent the air 
bemg 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 the fact 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 ;:lpha-emitters should be supplemented by a 
careful analYSIS of th~ physical circumstances giving rise to 
the hazard. ProtectIve measures should be instituted if 
there is a chance that alpha emitters may become airborne. 
. 4.4 Radioa~tive, 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 assayingradioactive, 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 products. 
Radon and thoron can 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 sampl~ 
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 
arc difficult because of unknown factors such as self-absorp
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 a surface. However these measurements 
m'e only qualitative and unreliable bec~use of the uncertainty 
as to the amount of contamination removed. In general, 
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measurements of surface contamination are qualitative in 
nature. d" . d h ld 5.2 Identification of the kinds .of ra latlOn emltt!' s ou 
be made to estimate the possiblhty of alpha-emItters be·· 
coming airborne. 

5.3 In some cases measurements of alpha and low-energy 
beta contaminanta may requir~ the remo.val ~f surface. ma
terial and a chemical separatIOn of radIOactIve and mert 
components. 

6. Determination of Hazards 

6.1 The determination of the existen?e .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 souyce/ its .streng~h, 
physical form and the kind and energy dlstl'lbutlOn of Its 
radiations. Protective measures should be checked by meas-
urements whenever possible. .. 

6.2 Scanning rather than measurmg mst.rum.ents should 
be. used to locate unknown sources. Scanmng mstruments 
require rapid meter response, and aural indicators are useful 
as they respond promptly and permit the eyes to follo,,: the 
sensitive element. ShIelds around part of the sensItIve 
element are desirable 

6.3 All locations where a scanning survey shows an ex
posure rate of one-fifth. or more of the permissi!>le yalue are 
to be eonsidered potentially hazardous. c;l,!-antItatlve 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) pel' unit time. 

6.5 Neutron measurements may be expressed as the num
ber of neutrons per. square ee,:timeter per s~eond (flux 
density), togetber WIth any available mformatlOn on the 
energy distribution of the neutrons. 

7. Personnel Monitoring 

7.1 Every person whose safety depends upo,,: proper op
erating procedures rather than upon adequate shl~ldmg shall 
have upon his person a personnel meter at all tImes when 
exposure is possible. Pers?nnel meters may be anf o~e 01' a 
combination of the followmg types: (a) Pocket IOnIzatIOn 
chamber, (b) pocket dose meter, and (c) photographic film 
meter. 
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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 used. . 

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 incorreet readings with low
energy electromagnetic radiation unless specially calibrated. 

II. Radiation Detectors 

8. Beta-and Gamma-Radiation Detectors 

8.1 A detecting instrument should be used for locating 
sources of radiation and contamination. It 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 measured. 

8.2 A detecting instrument should have sufficient sensi
tivity to show a response to nOl'lnal 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 01< and S", any absorbing material between 
the source and the detector shall be a minimum. 

8.5 Oare 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 deteetors incorporating flat ionization cham
bers with thin windows of a material sueh as nylon are 
satisfactory. An equivalent window thickness of 0.5 mg/cm2 
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is acceptable. Ionization-chamber readings me~sure total 
alpha ionization near the source and must not be Illterpreted 
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 d:teeted with,,: proportioll>!J 
counter lined with boron carbIde or filled WIth boron tl'l
fluoride gas. This method discriminates against other types 
of radiation. As detection is obtained through the alpha 
particle from the Blo (n, a) reaction, the sensitivity can be 
enhanced by using boron enriched in BIO. . . 

10.2 A cadmium shield can be placed outsIde an IOn 
chamber to detect slow neutrons through the Cd (n, 'Y) 
reactiou. If O'amma radiation is also present, an additional 
reading is needed to determine the net effect due to neutrons. 
For measurement of this backgrouud a similar shield of a 
material whose gamma absorption is the same as the cad
rnium, but which does not give an (n, 'Y) reaction, should be 
used. 

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

10.4 Intermediate-energy neutrons can be detected by 
placing a paraffin moderator around either of th~ i~struments 
described III paragra12hs 10.1 and 10.2. The Illc!dent neu
trons will be reduced III 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 euergies. A 3Yz-inch paraffin thickness will produce 
a maximum flux of thermals. A cadrrnum or boron slneld 
outside the moderator can bc used to exclude slow 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 mal<e this 
measurement in the presence of gamma radiation, a second 
chamber of the same volume filled with a high atomic number 
gas can be connected differentially with the first. This 

8 

chamber must be lined with a hydrogenous material, such as 
paraffin, of a thickness equal to the maximum range of the 
recoil protons (see fig. 1) if the ionization is to be expressed 
in rep. If the neutron beam is smaller in eross-sectional area 
than the flat plate area of the chamber, correetion 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 cau 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
itv induced in indium foils. 

"'fwin-ehamber instruments for fast neutrons can be cali
brated by exposing to known gamma radiation the previ
ously matched 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 calculated. 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 bc made from the induced radioactivity in sulfur because 
above this energy the cross section for the (n,p) reaction iu 
sulfur is uearly constant at 0.5 barn. 

HI. 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 selecting suitable chambers for photon energies 
below 100 key. 
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11.27 Collection voltages shall be sufficient to produce 
saturation in all re~ions of the chamber at all intensities to be 
measured, but shall not be so high as to produce ionization 
by collision. 

11.3 8 Saturation conditions must be specially investi
gated when chambers are used with pulsed sources )vhere the 
peak radiation intensities may be very high. 

11.4 The chamber should project from the body of the 
instrument to minimize scattering from circuit 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
cuit 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 C0 60 

and with X-rays. There should be not more than a 20-
percent variation 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 

/h 
8.4 X (mg of Ra) 

r r d' 

for all distances d (in centimeters) greater than 20 times the 
greatest dimension of the source. C0 60 may be used for 
instrument calibration if the output of the source is known 
in roentgen~ per unit time at a given distance. In using C0 60 

for calIbratIOn, care must be taken to conect for the decay, 

1, S Some instruments are deliberately designed to operate at Jess than satw-ation voltage 
in wbich case paragraph 11.2doesnotapply. Paragrapb Il.3appHesequallyto thenonsatura
tioa type of instmment. 
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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 strktly 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/cm'. The range of beta particles in 
aluminum is calcnlated 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 shonld be remembered that the beta
particle energies commonly given represent the maximum 
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 glcm' should be 
provided to cover the thin window completely and permit 
the differentiation of beta from ganIma radiation. The ma
terial of the absorber shonld be ali: equivalent. 

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

12.4 For monitoring purposes a thin-wall chamber of or
ganic material may be calibrated by covering the chamber 
with a cap of suitable thickness and composition as specified 
in paragraph 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 
X-ray, 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 materia'!' 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 instrument is 
in proper operating condition by frequent tests with a known 
source of radiation. The size and location of the instrument 
with respect to the source are important factors in making 
measurements of the beta-ray dose, and when measurements 
are made these should be comparable to the conditions used 
during calihration of the inskument or correction made for 
the discrepancy. 

13. Alpha-Particle Instruments 

13.1 Alpha-particle measurements can be made with thc 
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 Ininutc with a given instrument or as disintegrations per 
minute per square centimeter if the geometrical efficiency of 
the instrument is known. 

13.3 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 

14. Beta and Gamma Instruments 

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

14.2 Calibration should be caI·ried out as described in 
paragraphs 11.6 and 11.7. 

14.3 A photographic fihn can be used for determining 
beta and gamma doses. A portion of the film should be 
shielded with about 1 mm of a suitable metal to prever.tt 
response to beta radiation and to improve thc 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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14.4 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 gaInma 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 ag;itation of the developer is usually recommended 
but quiet sOlUtions may be used if the process is standardized. 
Developing temperatures shall be controlled to ± 10 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 
iI\dicates an exposure of more than one-fifth of the permis
sible value, the film densities should be measured with a 
quantitative densitometer. 

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

14.8 Beta calibrations should be madc 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 
a 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 bc estimated with pocket ioniza
tion chambers containing boron either in the walls or in the 
gas. 

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

15.3 Fast neutrons can be estimated through proton
recoil tracks in special photographic emulsions prepared to 
be relatively insensitiyc to 'Y radiation. The developed 
emulsion must be examiued with a microscope. 
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Slow neutrons and fast neutrons can be monitored witb the 
same photographic emulsion if a portion of the mm is covered 
with a cadmium shield. The cadmium absorbs the slow 
neutrons so that the proton-recoil tracks in the shielded 
portion of the rum 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. 

15.4 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 

16. General 

16.1 All radiological-protection instruments should repro
duce thell· own readmgs to ± 10 percent of full-scale readmg 
at any point along the scale. Survey instruments should be 
provided with sensitivity adjustments capable of chan(':ing 
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 Battery 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, screw, or plug 
terminals and not by soldering. 

16.3 Weight shall be kept at a minimum. 
16.4 All external surfaces shall be hard and smooth to 

facilitate decontamination. Cracks and joints shall be kept 
to a minimum. Crackle paint finishes are not acceptable. 

16.5 All instrnments should operate under ambient con-
ditions of 90 percent relative humidity and over a tempera
ture range of 20° to 1250 F. 

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 a~d beta particles shall have scales graduated in 
arbItrary umts. 

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

Maximum reading (r/hr) Color 

500 and above __________ .. ____ Fil'e-engine red, 
50 to 499______________________ Light magenta. 
S to 49_" ___ ~~ ____ ."" __________ Orange. 
0.5 to 4.9 _____ • _____ "_~ _______ Yellow. 
0.05 to 0.49. ____ •• ________ •• _ _ White. 
0.005 to 0.049 _____ •• __________ Green-yellow. 
0.0005 to 0.0049. __ .'______ _____ Light-blue. 

16.8 All instruments shall be constructed according to 
the. accepted standards of high-quality electronic instrumen
tatIOn: As far as possible, standard circuit components and 
batterIes shall be ,!sed. Wherever pos~ible,. components 
sh~l ?onform to Jomt Army-Navy specificatIOns. A cir
CUIt Alagram should be secured inside the case to facilitate 
servICIng. 

17. Detecting Instruments 

17.1 G-M tubes should have a well-defined platean where 
the counting rate with a constant souree of radiation should 
not change by more than 5 percent per 100 v. 

17.2 The length of the plateau so 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 effe.ctive thickness not greater than 5 mg/cm' to 
prevent any dIscharges due to visible light when the tube is 
exposed to ~irect slmlight. The coating shall not require 
renewal durrng the hfe of the tnbe. It shall remain intact 
after 24 hr of immersion in water. 

17 A G-M tubes used for detecting both beta and gamma 
radIatIOn (except for the beta radiation from C" and S") 
should have an effective wall thickness not o-reater than 
30 mg/cm2. b 

17.5 G-M tnbes nsed for detecting beta radiation from 
0" and S" should have an effective window thickness not 
gTeat~r than 5 mg/cm' and the thickness should be uniform. 
A~ thIS may preclude the use. of an opaque coating on the 
wmdow, the tube must be rnherently nonphotosensitive. 

17.6 Any mov-:ble 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/cm'). 
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 
signiiicant 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 Ionization chambers designed for measuring electro
magnetic radiation shall agree within ±20 percent with a 
standard chamber (see paragraph 11.6) 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 radiation from 
C0 60 or from radium in equilibrium with its decay products 
and shielded with 0.5 mm of platinum or its equivalent, the 
instrument 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, chambers 
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 ill: at 100-percent relative humidity and the 
usual 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 of the alpha response to 
the beta response is as large as possible. 

18.7 Ionization-chamber instruments with electrometer
tube amplifiers should have an overall time constant such 
that two-thirds of fillt1lreaciing 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 leakage in integrating-type ioniza
tion chambers with ranges of 100 mr or greater sl"dl be such 
that a charged chamber placed in a region free from all but 
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normal, natural background radiation shall have a discharge 
rate not exceeding 2 percent of full-scale reading per 24 hr. 

19. Personnel Instruments 

19.1 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 ionization chamber type. 

19.2 Pocket-type instruments with built-in optical sys
tems shall be sufficiently rigid to preserve proper alinement 
and foeusing when the instrument is dropped in any orienta
tion from a height, of 4 ft 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 reticle 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 instruments 
should not change by more than 2 percent of full-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 Pocl<et ionization chambers and dosimeters should 
be color coded in accordance with the following code: 

Range (r) Color 

Fire-engine red. 
Light magenta. 
Orange. 
Yellow. 
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 IX 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 useful range of approximately 1.0 to 10 I' 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. 

19.10 Approximately one-half of the film area should be 
covered with a shield of high-atomic-number 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 radioactive mate
rials are being handled and stored. It 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 
01' 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. Oare should be taken to insure that all instruments 
used are suitable for the type and energy range of the ra
diations. Further information 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 a G-M smvey meter 01' 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) propcr sensitivity, (c) small direc
tional effect, (d) small energy dependence in the region of 
!nt~res~, (e) small sensitive area, rf) saturation voltage for 
lOl1!ZatlOn chambers, and (g) GeIger-Muller counters not 
subject to blocking or falling back of the reading when in 
radiation fields grossly above scale. 
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20.4 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 pel' 100 ma-sec 
for radiography). If the locations cannot be positively iden
tified by suitable description, they should be marked on a 
scale drawing of the installation. If, 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 occnpied 
positions. 

20.7 If radiation hazards are found to exist, the snrveyor 
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 othcr 
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 Airborne contamination should receive first con
sideration. Air samples should be taken for the type of 
activity anticipated. If possible, these should be taken at 
the breathing zone. Airborne contaminl'nts 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 01 the instrument used and 
to the limits imposed by statistical fluctuations. With aural 
or visual indication the response time does not impose a 
limit on searchlng speed. 

21.4 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 suspeet until proved otherwise. 
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21.5 If contamination is found, decontamination should 
be started promptly. See National Bureau of Standards 
Handbook 48 9 for details. 

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 
insisted that every procedure be carefully planned and re
hearsed with nOlll'adioactive materials. 

21.9 All 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 ail' duct 
exhausts. Careful surveys should be made and samples 
taken for assay from any suspect traps. 

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 subj ected to 
laboratory 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 10 

22.1 Dental X-ray units. These units are usually operated 
at 50 to 70 kv at a current of 10 mao Common hazards are 
(a) exposure to the direct beam if pointed toward occupied 
areas in the same or adj acent rooms, (b) scattered radiation, 
especially that from the p>ttient, and (c) 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 calibr>tted for low
energy photons should be used at the operator's position 
and at other occupied regions in the room. Masonry walls 

9 Handbook 48, Control and removal of radioactive contamination in laboratories (1951). 
10 See also, National Bureau of Strmdards Handbook 41, Medical X-ray protection up to 

2 million volts, section 2 (1949) and Handbook 50, 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 15 mao 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 (f) filter 
too thin or totally lacking. ' 

An auxiliary fluoroscopic screen can be used to scan for 
useful-heam leakage, partivularly 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 occupied positions in the fluoroscopic room. 

Measurements should be made of the dose to the patient 
(i. 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 mao Common hazards are: 

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

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

(c) Useful beam and scattered radiation passing throu"h 
windows in outside walls into occupied regions nearby. b 

(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 instrument. 
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 up to 400 kv. Therapy units operate at 
from 10 to 400 kv, depending upon the type of equipment. 
Common sources of hazards are: 

(a) Scattering around or over protective screens or into 
control booth where no door is provided. 

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

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

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

(e) Leakage around doors and observation windows. 
The equipment should be operated at maximum fleld 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 (c) with 
the beam directed toward the instrument. Measurements 
of scattered radiation should be made during the treatment 
of a patient or with a phantom. 

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

23. Industrial Installations 

23.1 Telemsion receivers. The X-rays produced in tele
vision receiver tubes usually have energies of 15 to 25 kv 
and hence are almost completely absorbed in the tube face. 
Furthermore, many sets are provided with a plastic 01' glass 
screen in front of the viewing surface, and this further de
creases the radiation hazard. However, there is 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 envelope 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 is not an 
important factor. 

A G-M survey meter 01' equivalent should be used for 
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scanning 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 a 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
ing very soft X-rays. 

23.3 X-ray diffraction units. The main hazard is acci
dental exposure to the intense useful beam, which may have 
a 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 Fluoroscopic instaliations. In some respects indus
trial fluoroscopy presents greater hazards than medical fluor
oscopy. Industrial installations frequently are operated 
8 hI' a day and the object seldom covers the entire fluoro- . 
scopic screen. On the other hand, it is possible ~o protect 
the operator completely agamst scattered rad,atIOn. The 
common sources of radiation leakage are through and around 
the lead glass. Where no mirror is used, the useful b~am is 
directed at the operator, and even a small crack m the 
shielding may cause serious injuries. Such cracks can be 
detected with the Geiger counter or by means of a fluoro
scopic screen or X-ray films. 

23.6 Radiography. Th~ surve:\; p.r0cedur~ is siroiJar .to 
that used for medical radIOgraplnc mstallatIOns. The m
dustrial installations, however, present greater hazards as 
the load factor is usually higher and the orientation of the 
useful beam less restricted. Furthermore, the Xcray tube 
distance to occupied areas is frequently short, especially for 
cabinet-type installations. 

23.7 Radiography in unprotected rooms. This type of 
installation is safe only if its operation is restricted by 
limitations set by the. p~otection survey. It is import.ant, 
therefore, that the r?-~latIOn levels be accurately d~termJ?1ed 
for all operating pOSItIOns of the X-ray t~be and .0rI.entatIOns 
of the useful beam. Because of the high radiatIOn level, 
pre~au~ions should be taken. ~ as~ure saturation vo.Jtage in 
iomzatIOn chambers. Any lImitatIOns that must be nnposed 
should be conspicuously posted near the equipment eontrols. 

23.8 X-ray installations {rom 1,01 to 3,000 kv. The sur
vey procedures for medica an~ industrial insta!lation~ in 
this voltage range are nearly Identical, and th,S sectIon, 
therefore, includes both applications. 

Concrete is generally used for shieldin(" and it is essential 
to make a very complete scalll1ing 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 scalll1ing. 

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

24. Air-Sampling Equipment and Methods 

24.1 The concentration of radioactive materials in air is determined 
by a laboratory count made on suitably collected and prepared samples. 
Filters, electrostatic precipitators, or impingers of various designs can 
be used to collect the samples. Care must be taken to insure that the 
sampHng device collects all particle sizes desired. 

24.2 In a filter collector a Imow.n volume of air is drawn through a 
specially designed filter paper on which the particulates are deposited. 
The activity of the pa,per is determined with a suitable laboratory-type 
instrument 

24.3 Particulates carried by a known volume of air call 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 Electrostatic precipitators should not be used where explosive 
fumes may be present. 

24.5 Impingers collect particulates as a jet of air is directed against 
a glass slide or other suitable backing which is usually coated with a 
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 material. 

"24.7 The size of the air sample may vary) depending on the con
ditions. A sample of 10 rnl is sufficient for practical assays of alpha 
contaminants down to one-tenth of the maximum permissible con
centration. 

24.8 Direct counting from the surfaces on which the sample has 
been collected is desirable. Beta and gamma radiations can be deter
mined by using a G-M tube of known geometrical 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 filter 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 it is known which particular isotope may be the contami
nant) a specific analysis for this material may be made. 

25,2 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 uncertainties result, because 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 qualitative in nature. Specific analyses 
are much more sensitive and reliable. 

25.4 If the activity is of gaseous or vola.tile 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 to 500 Ill!. 
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26. Beta-Particle Countin~ 

26.1 Reasonably accurate values for most isotopes mounted on 
small plates can be obtained by the use of end-window Geiger counters 
(mica window or windowless-flow 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 is usually not equal to the physical solid angle because of the 
unknown sensitive volume of the tube. 

(b) Source size. The geometry for an extended source 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 uniform coating on the plate, a large 
error is possible in the measurement. 

(c) Backscatter. A fraction of the particles leaving the source in 
the oppOSite direction 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 to 0.5 mg/cmZ) 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. 

Approximate values of backscatter Jor several materials measured with 
23 percent geometry and a 3 mg/cm2 mica window 

Material 

GJass ________________________ _ 
Aluminum. ______ . ____ ••• ___ _ 
Stainless steel (O.004ln.). ____ _ 
Platinum. _____ • ____ .. ___ . __ _ 
Silver ____________ ._M ________ _ 

Backscatter 

Percent 
n 
28 
30 
70 
60 

(d) Absorption in window. Because of the continuous spectrum of 
particles emItted from a beta source, a fraction of the particles will be 
absorbed 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 lineal' on a semilogarithmic 
plot, this effect can be measured by counting the source with several 
thin absorbers and extrapolating through the thickness of the window 
and air to zero absorber. The slope of this line can be expressed as m 
in the equation N/No=e-mx for use when the isotope is known. (N is 
the measured counting rate, No is the extrapolated 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, a fraction 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 correcting analytical 
results. 

An approximation of the self -absorption factor can be made by use 
of the equation 
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N 1 
No=m;(l-e-m ,,), 

where N is the measured counting rate, NQ is the true counting rate 
m is the absorption coefficient as measured in (d) and x is the thicknes~ 
of the sample. 

(f) Coincidence losses. With high counting rates some loss will 
occur because of a second particle arriving while the counter 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. 

2~.3 Individual cou;nters may_ be calibrated by the use of standards 
avaIlable from the NatIOnal Bureau of Standards. Direct comparison 
of results can be made only when the isotope being measured is the 
same as that used for the standard. If other isotopes are to be 
measured, the standard may be used to obtain 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 approximately correct value as geometry, 
absorptIOn" and backscatter depend upon the energy of the particles. 

26:4. AIr samples collected on filter paper or with an electrostatic 
p~eClpitator. ca~ be counted by :wrapping the paper around a thin
wmdow cylmdrICal counter. CalIbratIOns may be made by preparing 
sources wIth known amounts of activity as measured with end-window 
counters and comparing with the sample. Correction should be made 
from the radon and thoron daughters collected, which can be estimated 
from decay curves of the samples. 

27. Alpha-Particle Countin~ 
27.1 Alpha emitters can be measured with pulse counters propor

tional counters, or scintillation counters of the proper design. ' 
. 27.2 qharacteristics of the measurement which may introduce 
lllaccuraCles are: 

(a) SelJ-absorptiory. Because of t~e short range of the alpha particle, 
the self~abs?rptIOJ?- IS us"?-ally very Importa~t. Generally, a chemical 
separatIOn 1$ adVisable If the sample contaIns much inert substance. 

(b) Response across the chamber. Many chambers have a loss in 
sensitivit~ a~ the edge. T~e chamber. should be checked with a point 
source ~o ,utqICate the magmtude of thIS loss with the sample size used. 

(c) C~)'tnctde'Yfce losses .. Those pll:lse counters which have long reso
lutIOn tImes WIll have hIgh-resolutIOn losses. This can be estimated 
by counting a number of low-activity sources individually and then 
together. 

27:3. Air samples collected on filter paper or with an electrostatic 
:preCipItator cl7n 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 ail' sampled may be 
made by use of the equation 

A 
N 2-N1e-'AAI 

1 e-'AAI ' 

wh~re A is the counting rate of an alpha emitter with a long half-life, 
Nt IS a measurement made 4 to 6 hr after the sample is taken (to allow 
the radon daughters to decay), N2 is a second measurement made 18 to 
24 hr after the sample is taken, A t is the time interval between measure
ments, and A 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 l. 
28.2 Range of beta particles in aluminum is represented in figure 2. 
28.3 The following table shows sensitive ranges of photographic 

emulsions. The values given are based, except as noted, on a maximum 
useful optical density of 3.0 as obtained with the developer listed. 

Emulsion Developer Useful range (r) 

Eastman type A+ ______________ ._. Kodak. ___________ ._ 0.05 to 1. 0 
Dupont 552 (sensitive) . _______ ._." ____ Ao_______________ .1 to 5.0 
Ansco Non Screen. ____ •• _________ • ____ .do. ______ ._______ .1 to 2.0 
Ansoo Super Ray _____ " _____ • __ ." ____ .do. __ .+ _ ._.____ _ _ .2 to 3.0 
Eastman typeA. _________________ Ansco ReprodoL... .3 to 5.0 
Dupont 552 (insensitive)_. ________ Kodak~ _______ ._____ .5 to 20.0 
Eastman Cine positive No. 5301 _______ ~do ____ • ___ .______ 5.0 to 100 
Dupont 552 (sensitive) ____________ Ansco ReprodoL.__ 10 to ~~~ (d=O.9) 

~pcgn~1o~~_~~:_·.::~~:~~:::==:::= -Kod~Y;::=:::=::::::: i~ ~ 250 
Eastman Cine positive No. 5302 __ . _____ do_______________ 20 to 350 
Ansco Non Screen ____ • ____________ Anseo ReprodoL___ 25 to 1,000 (d=1.9) 
Dupont 552 (insensitive) ___ • ______ ___ .Ao __ .____________ 40 to 250 
Eastman Kodalitb No. 6567 _______ Kodak_.____________ 70 to SOO 
Eastman Cine Positive No. 530L __ Ansco ReprodoL_._ 100 to 2,500 (d=2S) 
Dupont605 _______ • ____________________ do _________ ._____ 100 to 3,000 
Eastman Cine Positive No. 5302. _______ <10 __ .____________ 200 to 2,500 
Eastman 548-0 Double CoaL _____ KOdak ______________ 12'000 to 10,000 
Eastman 54S-O Single Coat. ________ • ___ do _______________ 5,000 to 20,000 

28.4 Gamma activity of radon is given in figure 3. 
28.5 Rate of build-up of radon daughters on collector is shown in 

figure 4. 
28.6 Decay rate of alpha-emitting radon daughters appears in 

figure 5. 
28.7 Figure 6 represents the decay rate of beta-emitting radon 

daughters. 
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FIGURE 1. Proton ranges in paraffin. 
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Oollection rate equals one disintegration per second of each daughter per minute. 
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FIGURE 6. Decay rate of beta-emitting daughters of radan, 
when collected from the atmosphere for the time specified. 

Oollection rate equals one disintegration per second of each daughter per minute. 
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