L
e
-

o

pals
.

f &
-
.




U. 8. Department of Commerce Sinclair Weeks, Secretary

y Pirector

Astin

V.

National Bureau of Standards A.

1

1sposa

Recommendations for the D

of Carbon-14 Wastes

Handbook 53

National Bureau of Standards

1953

Issued Qectober 26,

Government Printing Office

8
Price 15 cents

For sale by the Superintendent of Documents, U.

Washington 25, ID. C.




Preface

The Advisory Committee on X-ray and Radium Protection
was formed in 1929 upon the recommendation of the Inter-
national Commission on Radiological Protection, under the
sponsorship of the National Burean of Standards, and with
the cooperation of the leading radiological organizations,
The small committee functioned effectively until the advent
of atomic energy, which introduced a large number of new
and serious problems in the field of radiation protection.

At a meeting of this committes 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. Aeccordingly, at that time the name of the
commitiee was changed to the National Committee on
Radiation Protection. At the same time, the number of
participating organizations was increased and the total mem-
bership considerably enlarged. In order to distribute the
work load, nine working subcommittees have been estab-
lished, as listed below. Xach of these subcommittees is
charged with the responsibility of preparing protection
recommendations in its particular field. The reports of the
subcommittees are approved by the main committee before
publication.

The following parent organizations and individuals
comprise the main committee:

American Medical Association: H. B. Williams,

American Radium Society: E. H, Quimby and J. B. Wirth.

American Roentgen Ray Society: R. R, Newell and J. L. Weatherwazx.
Nationa! Bureau of Standards: L. 8. Taylor, Chairman, and M, 8,

Norloff, Beeretary, .
National Electrical Manufacturers Assoeciation: R, Dale Trout.
Radiological Society of North Ameriea: G. Failla and R. 8. Stone,

U. 8. Air Force: G. L. Hekhuis, Maj.
U. 8 Army: T. F, Cook, Lt. Col.




T. 8. Atomic Energy Commission: XK. Z. Morgan and Shields Warren.

U. 8. Navy: C. F, Behrens, Rear Adm,

U. 8. Public Health Service: H. L. Andrews and BE. G, Williams.
The following are the subcommittees and their chairmen:

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

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

Subcommittee 3. X-rays up to Two Miilion Volts, H. 0. Wyckoff..

Bubeommittee 4. Heavy Particles (Neutrons, Protons and Hesavier),
D. Cowie. ’

Subeommittes 5. Electrons, Gamma -Bsays and X-rays above Two
Million Voits, H. W. Koch, , _

Subcemmiites 6. Handling of Radiosctive Isotopes and Fission
Products, I, M, Parker.

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

: Andrews,

Subcommittes 8. Waste Disposal and Decontamination, J. H. Jengen,

Bubcommiibes 9. Protection against Radiations from Radium, Cobalt-
60, and Cesium~-137 Encapsulated SBources, C. B,
Braestrup. ‘

With the increasing use of radioactive isotopes by industry,
the medical profession, and research laboratories, it is essen-

tial 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 undoubtedly
be able to improve and strengthen the recommmendations for
their safe handling, utilization, and disposal of wastes.
Comments on these recommendations will be welcomed by
the committee.

One of the greatest difficulties encountered in the prepara-
tion of this Handbook lay in the uncertainty regarding per-
missible radiation exposure levels, particularly for ingested
radioactive materials. The establishment of sound figures
for such exposure still remains a problem of high priority for
many conditions and radiosctive substances. Such figures
#s are used in this report represent the best available infor-
mation today. If, in the future, these ¢an be improved
upon, appropriate corrections will be issued. The subject
will be under continuous study by the subcommitiees
mentioned above. S
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The best available information on permissible radiation
levels and permissible quantities of ingested radioactive
material may be found in NBS Handbook 52, Maximum
permissible amounts of radioisotopes in the humsn body
and maximum permissible concentrations in air and water.
It should be borne in mind, however, that even the values
given in that Handbook may be subject to change.

As the problem of the disposal of radioactive wastes varies
over such wide limits, depending upon the usage to which
the isotopes are put, the committee has decided that it will
not be feasible to incorporate in one volume broad recom-
mendations covering sll situations and materials. Accord-
ingly, individual reports dealing with particular conditions
will be issued from time to time. Two such reports have
already been published: NBS Handbook 48, Control and
removal of radioactive contamination in Isboratories; and
NBS Handbook 49, Recommendations for waste disposal of
phosphorus-32 and iodine-131 for medical users.

" The present Handbook was prepared by the Subcommittes
on Waste Disposal and Decontamination, Its membership
is as follows: :

J. H. Jenser, Chairman. R. Oversrrent,

W. F. Barm. 0. Pracax.

R. CHAMBERLAIN, ‘B. H. QuimMby,

W. D, Craws., C. C. RucHHOTFT,

8. Farrernsere. W. H. Svnrivan,

R. H. Freming, F, Westnaxy,

J. C, Guyer, ’ -
G. W. Moroan. A, V. Asmin, Divector.
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Recommendations for the Disposal of
Carbon-14 Wastes

The following recommendations for the disposal of wastes
eontaining carbon-14 are believed by this Committee to be
those that on the basis of our present knowledge and expe-
rience are best adapted to the needs of the near future.
They are considered to be at once very conservative with
respect to health hazards involved and very liberal with
respect to the needs of users of carbon-14. Subsequent
sections of this report give in some detail the considerations
upon which these recommendations are based and provide
some indication of the factors of safety imvolved.

I. Disposal Recommendations for Carbon-14
1. Isotopic Dilution

Carbon-14 may be disposed of in any manner provided it
1s intimately mixed with stable carbon, i the same chemical
form, in & ratio that never exceeds 1 pC of CU for every
10 g of stable carbon.

2. Sewers

Carbon-14 may be discharged to sewers in amounts that
do not exceed 1 mC/100 gal of sewage based on the sewage
flow available to the disposer withmm his own institution.

3. Incineration

Combustible material containing C* may be incinerated
if the mazimum concentration does not exceed 5 uC per
gram of carbon. (In animal carcasses, this requirement
would usually be met by an average concentration not ex-
ceeding 0.2 uClg of tissue.) Sufficient fuel should be em-
ployed to make sure there is not more than 5 uC of C" per
pound of total combustible material.




4. Atmospheric Dilution

CH0; from carbonates may be discharged in the exhaust
system of a standard chemical laboratory hood that has a
lineal air fow of at least 50 fi/min, at a rate not to exceed
100 pC/hr/it? of air intake area in the face of the hood as
operated.

5. Garbage

Carbon-14 may be disposed of with garbage in amounts
that do not exceed 1 uC/lb of garbage available to the
disposer within his own mstitution.

Approximate equivalents of the sbove requirement are
stated below for convenience. :

1 pCflb of garbage==20 pC per 10-gal garbage can
_ (allowing for 50. percent voids),
800 uC/yd® of garbage, or
0.6 uC/day per person con-
tributing garbage. .

6. Burial

Carbon-14-containing material may be buried provided
it is covered with at least 4 ft of well compacted earth and
does not exceed the following limits.

(a) The maximum permissible concentration of C in
biological material (plant or animal) for burisl shall not
exceed 5 uCle.

(b) The maximum permissible amount of C* in chemical
compounds mixed with 1 {t* of soil shall not éxceed 10 mC.

I1. General Considerations

1. Introductory Remarks

The considerations involved in the disposal of radicactive
wastes from the use of C* in research are, for several reasons,
somewhat different from those encountered with other com-
monly used isotopes. In the first place, the long half-life
(approximately 5,400 years) precludes significant loss by
decay either during experimentation or in subsequent feasible
storage periods. Secondly, carbon is one of the most com-
monly encountered elements in living matter, being a major
constituent of all food we eat and present in all air we
breathe. Thirdly, radiocarhon (C") occurs widely in

nature, the amount being estimated at some 22 metric tons
or 110 million curies {1].' (In spite of the large total, the
concentration at any point is negligibly small.). P
Since carbon is so intimately concerned with virtually all
living processes of plants and animals, it follows that the
radioactive isotopes of the element are popular and useful
in biological and chemical research. The comparatively
short half-life of C" (20.35 min) precludes its wide usage
whereas the long half-life of C'* enhances its usefulness i
many respects. o _ : .
- Records of shipments of isotopes from the U. S. Atomic
Energy Commission, Oak Ridge, Tennessee, show C" 1o
rank third up to 1952, being exceeded in pumber of ship-
ments by iodine-i31 and phosporus-32. The summary in
table 1 presents information on the shipments made and
indicates the magnitude of the problem. S
A review of %14- shipments- during- the past five years
shows that about 60 percent of the shipments were used for
research in animal physiology, about 6 percent in chemistry,
about 2 percent in physics, 8 percent In plant physiology,
2 percent in industrial research, and the remaining 22 percent
in miscellaneous activities. The use of C* by commercial
companies in the synthesis of radioactive organic compounds
suitable for research purposes is inereasing. This program,
proceeding under contract agreements between the U. 8.
Atomic Energy Commission and I[aboratories outside “its
facilities, will undoubtedly result in increased availability
of such compounds. . : :

Tasue 1. Carbon-14 shipped from Atomic Energy C’omwﬁssz’on Facilities

’ Number of -

Tear - shipments Milliouries.

4 45

108 298

124 426

192 i, 848

258 2,216

342 4, 4

163 2,865

L OUBIS m s e e e m e m s 1,236 14,625
» § months,
b § months.

i Figures In brackets Indieate the literaturs reforences at the end of this report,

453096583 3




2. Permissible Dose in Relation to Carbon-14 Disposal

In deciding upoun the concentration of C* that can be
allowed in disposable material, attention must be paid to the
manner in which various carbon compounds are eliminated
from, or retained by, the living organism, particularly in man.

Most of the published work on uptake and elimination of
C* has been based on experiments with animals, and it was
obviously necessary to rely on this for the first approach to
work with man. However, data based on several studies
with adult humans were presented at a conference on C4
held at the Argonne National Laboratory [2] in January
1952. 'This experimental work offers a basis for determining
permissible levels. The date are summarized in table 2
and are in reasonably good agreement with previously pub-
lished data from animal experiments.

All of the studies listed in table 2 are based on intravenous
injection of the carbon compound. When C#O, is inhaled,
that reaching the alveoli is reported to be almost completely
in exchange with the blood bicarbonate. At cessation of
inhalation, that retained should be handled in the same
manner as injected bicarbonate, C'-labeled material that
is ingested is partially eliminated through the gastrointestinal
tract, and the remsinder, having been abscorbed into the
blood, follows the sameé pattern as other blood-borne ma-
terials. Therefore, recommendations based' upon the dats
of table 2 should be.adequate for all cases except for solid
carbon particles deposited in the lungs and not expelled.” -.

A study of the data of table 2 mdicates that acetate,
glycine, and methionine are retained longer than thé other
substances' tested. -They appear to show*an’ important
component with an effective half-life? of about 1 day, and
Tapre 2. Retention of ("-lakeled compounds in human beings, Jollowring

intravenous injection [2] - - S

Percent of dose retained at various thme intervals '
Conpound " Tavestigator

1hr | lday | 1wk | 1mo | 3mo | 500 days : )

Adstate ~Hellman.
Shreeve, .
Bicarbonate Egtgﬁ?naft? o
- ] Berlin,.

Giyelno.. s - : Heltman.
Methlonine.......... Heliman,
07 ¢ VO, Eeliman.

# BEffeczive hall-life is the hall-life of a radioactive isotope in & biologieal organism, resuiting
from the combination of radioactive decay and biologieagl} e]imiuatlor%. £ ’ &

4 i i | B0

‘Sinilarly,

another with an effective half-life of about a week. In addi-
tion, Dr. Berlin's patients with radiosctive glycine (see table
2) retained about 1 to 2 percent at 500 days, and this com-
ponent apparently has a half-life of about 2 years. These
three components may be assumed ag follows: 65 percent of
injected material hag an effective half-life of 1 day; 30 percent,
1 week; and 5 percent, 2 years {use 700 days). :
On this basis, calculation of radiation exposure from, for
example, a completely absorbed dose of 10 uC/kg in an adult
is made in three parts. . (The calculation assumes that all
components of the 10 pC of (M are distributed throughout
the same 1 kg of tissue.) According to the following formula
the total dose from a beta emitter uniformly distributed in
tissue and remaining there for decay is R

p#79mﬁgTOrep;3 o

where Fy is average beta energy in Mev (0.05 for C%), T'is
effective half-life m days, and € is concentration in miero-
curies per gram of tissue. For the first component, T is oné
day and C 1s 0.0065. . -

Dpy=79%0.05X10.0065==0.03 rep.
Dp=79%0.05X7X0.003=0.08 rep, .=

Dp=T9X0.05X70050.0005=1.38 Tep. ..~ -~

The total dose for the first week will be obtained by de-
termining the dose contributed by each component during
this period. This will be all of Dy, one half of Dy, and a
fraction of 1 percent of Dy Dy first week=0.03+0.04--0.01
=0.08. This is only a quarter of the maximum permissible
dose of 0.03 rep per week, o :

Experiments with animals have given some evidence that
the material that is retained for a long time is mainly in the
gkeleton. If it be sssumed that the 5-percent long-term
component concentrates in the skeleton, and that thig is
one-tenth of the body weight, then D (skeleton) from this
is 13.8 reps total. This is approximately 0.1 rep the first
week, and gradually diminishes. ‘ :

Thus it appears that a dose of 10 pC/kg, or a total of the

*T'he trit of easurerment of heta-ray dosags in conrnon wse o the rep, now defined as the

absorption of 43 ergs energy per gram of tissue. . The above formula is adapted frem one given
b Marinelli, Quimby, and Hins [3], o : o :

and

o F pwss'E; '4‘!‘{(}.’'e-,gi;iliirs.'lent1 roéntgefﬁs[

where the equivalent roentgen is defined as “that amount of beda radiation which, uﬁder_e:(;uﬂl.—
libeium conditions, releases in 1 g of air as much energy as 1 roentgen of gammna radistion.’” -
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order of 700 pC in a human adult, should be well within
permissible limits. - This agrees with the conclusion-of the
Argonne group, that there seems to be no serious reason to
behieve that glycine is unsafe in an adult human dose of 1'mC.
" Levels for allowable concentrations in sewage and garbage
are based on the evidence that 1 mC in a single dose to an
adult human does not violate the accepted standards of
maximum permissible dose. L

II1. Bases for Recdxﬁméndations -

- Despite the long half-life of C*, it is feasible to recommend
various procedures for the disposal of this isotope as pre-
viously indicated. The amount available for dispesal will
not significantly affect the quantity of C* already present
in nature and the only concern is to prevent harmful local-
ized concentrations of C* due to waste disposal practices,
If we consider 1 mC of C% as the acceptable single permis-
sible dose, it is inconceivable that harmful localized con-
centrations could result from thé recommrended disposal
procedures. C A R

Sample calculations concerning the various methods of dis-
posal are presented in the following sections. Since it is im-
possible to arrive at exact values for disposal in the light of
present knowledge, the examples cited are designed to show
that the recommendations selected are reasonable and eon-
servative. . These illustrative examples are based generally
on currently accepted maximum permissible concentrations
in ‘air and water for continuous use. They do not consider
the improbability of these materials béwrg accessible to
humans after disposal, the fact that exposure will be occasional
in nature, and the tremendous additional dilution that must
occur after disposal by the methods recorrmended. While it
would be difficult to quantify all of these {actors, it is certain
that in the average case they add up to a safety {actor of not
less than 100 and probably larger. ‘ ‘

Two important cases are not covered adequately by these
recommendations: (1) insoluble particles less than a few
microns in size that contain carbon-14 and that may become
lodged m the lower respirafory tract, and (2) wourds that
may be conteminated with carbon-14 in the process of the
disposal of radioactive material. Therefore, since an uriknown
radiation hazard may be represented by these cases, consid-
erable effort should be made not to discharge inscluble par-
ticles containing carbon-14 into the air and to avoid the con-
tamination of wounds with carbon-14, especisuly insoluble
carbon-14,

6

1. Isotopic Dilution

Carbon-14 may be disposed of in any manner provided it
is intimately mixed with stable carbon, in the same chemical
form, in a ratio that never exceeds 1 mC of C* for every 10 g
of stable carbon. -

It is possible to arrive ab a value for dilution with stable
isotopes, which if achieved should néver permit hazardous
conditions to occur. These caleulations are based on data
contained in the report* of the National Committes on
Radiation Protection Subcommittee on Permissible Internal
Dose, which states that the total body burden to give 0.3
rep/week 'is 250 wC when fat is considered as the critical
organ and 1,500 4C when bone is considered as the critical
organ.

(2) Considering fat as the critical organ:

250 uC (permissible body burden) X0.6 {fraction in critical organ)
10 g (mass of organ) X 0.75 (fraction of earbon in organ)
1 #C/50 g of stable carbon.

(b) Considering bone as the critical Organ:

’ 1,500 pC (permissible body burden) X 0.07 (fraction in crif.ieaiorgan)=

7TX10% g (mass of organ) X 0,13 (fraction of carbon in organ)
1 pC/B.7 g of stable carbon.

Since it is generally considered that the replacement of C*in
fat occurs very rapidly and that components of longer biclog-
ical half-life are more likely to be found in bone, it would
appear to be ressonable to use the value based on bone as the
critical organ. On this basis, if the C content never exceeds
the ratio of 1xC/10 g of stable metabolized carbon, one
should never exceed the permissible total body burden irre-
spective of subsequent events. Of course, all of the safety fac-
tors previously mentioned also apply.

If this line of reasoning (isotopic dilution) is applied to the
disposal of C* in garbage, for example, the following value
will result. The assumption will have to be made that the
discharged C" is sufficiently mixed with the garbage so that
the average ratio of C* to stable carbon is essentially constant.
Then the permissible amount of C* per pound of wet garbage®
is (1 pC/10 g)X0.20 (fraction of solids) }0.45 (fraction of
carbon in solids) X454 g/lb==4.10 pC.

+ National Bureau cf Standards Handhook 52, Masimum permissible amounts of radlo

isotopes in the huroan body and maximum permissibie concentrations in air and water,
5 Garbage as it normally occurs, 1. e., fresh food waste.




2. Sewers

Carbon-14 may be discharged to sewers in amounts that
do not exceed 1 mC/100 gal of sewage based on the sewage
flow available to the disposer within his own institution.

If one assumes normal mixing, the problem of disposal of
C' in sewers becomes a straight dilution problema. On this
basis and using the maximum permissible concentration for
water, 3X107° xC/ml, the permissible amount of OM that
mafyﬁ)e discharged per 100 gal of sewage may be caleulated
as follows:

(BX1073X10°%3.78510%) /10°=1.14 mC.

When one considers the improbability of the ingestion of
sewage, all of the safety factors previously mentioned in-
cluding the very large dilution in the main sewer, and the
fact that even 1if ingested in the original dilution it would
bake 100 gal of sewage to furnish a single permissible dose,
the essential conservativeness of this recommendation is
apparent.

3. Incineration

Combustible material containing C* in amounts that do
not exceed 5 uCfg of material may be incinerated if mixed
with natural fuel so that there is not more than 5 2C/lb of
fuel burned.

Because garbage is frequently disposed of by incineration,
the calculations concerning garbage incineration may be
used fo illustrate the combustion of wastes containing C',
This is one of the most extreme cases, since normally garbage
requires auxiliary fuel to support combustion and has 8 much
lower stable-carbon content than other combustible materials,
Any other common fuel should permit mors liberal recom.-
mendations concerning C“ content than those permitted
when garbage is incinerated.

If garbage containing C'is incinerated, the permissible (4
content may be estimated on the basis of the dilution afforded
by the air required for combustion. The following values
are used in considering this problem.

(2) Theoretical volume of air required (in cubic feet) per

unit of fuel-heating value (in BTU per unit)/100.
(It is considered good practice to supply 50 to 200
percent of excess air,)

(b) Wet garbage is 20 percent solids.

{c) Wet garbage weighs 800 ib/yd?.

(d) Dry-garbage solids contain 8,000 BTU/lb.

Using these values the following computation may be made,

1 yd® garbage==800 1b.
vE guhae =160 b dry solids. :
Cubie feet air required per pound==8,000/100=580,
Total air required =160} 80=12,800 ft*/yd® of garbage.
1.28X104X2.832X10°=3.63 X108 cm?® of airfyd® of
garbage.

The initial concentration that will not exceed tolerance at
top of the stack is 3.63X10°X109=363 pC/yd®® This is
equivalent to 2.3 uCflb of dry garbage. However, the value
computed is conservative, because it ignores the dilution
effects due to use of auxiliary fuel, excess air, and dilution of
the waste gases after leaving the stack. Neither does it
consider the fact that C*0, exposure will seldom be continu-
ous in nature. In view of the above estimates computed on
the basis of a low carbon fuel, a recommendation of 5 xC/lb
of fuel burned seems conservative. )

Because of the possibility of the formation of radicactive
particles, a restriction is placed on the specific activity of the
material to be incinerated. This restriction was selected on
the basis of the following line of reasoning. Incineration, as
ordinarily practiced, may lead to the discharge into the out-
side air of dusts or smokes containing particles, some of
which may be unoxidized carbon. Similar clouds of par-
ticles are often produced locally during ash-removal opera-
tions. Therefore, material to be burned in ordinary inciner-
ators should not contain concentrations of C* per gram of
carbon great enough that such particles might constitute a
radiation hazard if deposited in the lungs.

To avoid this hazard it is recommended that chemicals,
animal carcasses, and other refuse and waste material not be
disposed of through burning in ordinary incinerators if the
C* content exceeds 5 pC of C* per gram of carbon in the
region of highest C* concentration. Ordinarily an individual
animal carcass meets this requirement if the average C* con-
centrajtion does not exceed 1 pCfg of carbon (0.2 uCfg of
tissue). -

{8} Assumptions on which this recommendation is based.
It is assumed that:

(1) Spherical carbon particles 10 p in diameter are equiv-
alent to the largest particles that will become fixed in the lung,

(2) The beta-ray dosage from a 10-u particle fixed in the
hung is distributed through a sphere of 40-x radius and a
specific gravity of 1.0,

O T A Ao comtines expooane, SoooronE. fo otle 3 oF Ny B ot a1

Handbeok 82 (see footnote 4}, 2 report of the National Committes on Radistion Protection
Bubeommiitee on Permissible Internal Dose,
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(3) A carbon particle that will not give more then 0.3
rep/week radiation dosage averaged through such a sphere is
acceptable in airborne waste, and

{4) The specific gravity of carbon is 2.

" (b) Caleulations on which this recommendation is based.

V==volume of a 10-p-diameter particle,

V=% r &®=0.524 X107 cm?,

Vi=volume of an 80-u-diameter tissue-sphere in
which dosage will be dissipated,

V=Y 7 (8 X 1073)8=2.68¢ 107 em®

Carbon-14 at a concentration of 1 mC/g of carbon will
produce 2.22 X 10°%60=1.33X 10" beta rays/g/br.

The average energy released by the beta rays from a gram
of this material per hour will be 0,055 1.33 X 10"=6.65% 10°
Mev/gfhr,

he energy emitted by s 10-p-diameter spherical particle
of this material per hour will be 8.65X 1093 0.524 X 1022 =
7.0 Mev/hr, o

Since this energy is assumed to be dissipated in a sphere of
tissue weighing 2.68X1077 g, the energy dose of beta radia-
tion will average 7.0/(2.6810~7)=2.60 % 107 Mev/g/hr,

Sinee 5.8X10" Mev beta radiation dissipated per gram,
tissue is equal to 1 rep, this dosage rate corresponds o
(2.60 X107 /(5.8 107 =0.45 rep/hr or 75.6 rep/week.

- The acceptable activity per gram of carbon on the above
assumptions is therefore 0.3/75.6==approximately 0.004
mC/g or 4 uClg.

4. Atmespheric Dilution

C*¥Q, from carbonates may be discharged in the exhaust
system of a standard chemical Iaboratory hood that has a
linesl air flow of at least 50 ft/min, at a Tate not to exceed
100 pO/hr/ft? of air intake area in the face of the hood as
operated. '

In the case of carbonates containing C*, it appears feasible
to convert these materials to carbon dioxide and release them
directly to the atmosphere. This operation should be
carried out in a hood that is otherwise satisfactory for radio-
chemical work. In mo case should the velocity of air flow
be less than 50 lineal feet per minute. Conversion of car-
bonates to carbon dioxide for release could be accomplished
by the slow addition of acid in a device similar to the alka-
limeter that is used in the quantitative estimation of car-
bonates. The period of complete release would probably
extend over a period of 15 to 30 min, tapering off with time.

The following example illustrates the situation in a hood
with a face opening 2 by 4 ft, lineal air flow of 50 ft/min,

16

and with the final C* concentration not to exceed the
maximum permissible concentration in air of 10-% uC/em?®

2% 4 (face area in ft?) X 50 (face velocity in ft/min) X60 (min)
K2.832X10% (em?/ft?) X107 (uClem®)=679.7 pClhr.

This illustrative example does not consider the dilutions
that would oceur if additional hoods exhausted into the same
system. and the atmospheric dilution after leaving the stack.
Neither does it consider the fact that the tolerance value
used is for continuous use 24 hours a day and consequently
leads to a conservative figure for intermittent use.

It appears feasible to adopt arbitrarily a conservative, yet
ample, recommendation for disposal by permitting relesase
of C'* in this manner at a rate not to exceed 100 pC/it? of
face opening per hotr when the lineal air flow is not less than

50 ft/min.
5. Garbage

Carbon-14 may be disposed of with garbage in amounts
that do not exceed 1 uC/lb of garbage available to the
disposer within his own institution. .

Approximate equivalents of the sbove requirement are
stated below for convenience.

1 wC/lb of garbage=20 pC per 10-gal garbage can (allowing
for 50 percent voids),
800 pC/yd? of garbage, or
0.5 uC/day per person contributing
garbage.

The question of disposal of C* contained in garbage has
been considered previously under incineration. If garbage
grinding followed by sewer disposal is practiced, the problem
is similar to that of direct disposal in sewers. Since garbage
may be used for hog feeding, some estimate of the problem
may be made in the following manner.

Agsuimne:

(1) All C* intake is from garbage-fed pork,

(2) Hog weight=250 Ib, )

(3) A person eats one 4-0z serving per day,

(4) All C* intake is evenly distributed in the hog,

(5) 7 4C per day is the permissible intake for humans
as computed from the maximum permissible con-
centration in water,

(6) Biological half-life=35 days.

Then the total amount of C* permissible in the hog that
will not permit more than 7 uC per 4-o07 is (250/0.25) X 7=
7,000 xO=7 mC.
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The permissible daily intake for the hog that will not
permit the hog to exceed 7 mC is 0.14 mC per day if calcu-
lated in the following manner.

A=14 BT (1—e~*'"), where A=quantity of activity at

any time (¢), R=rate of addition (curies per unit
time), and T==half-life, .

A=RT is the equilibrium value,

B=T/{14X35)=0.14 mC/day.

This would mean that even if the sole diet of the animal
consisted of 40 1b of garbage per day no harmful effects
would occur if this garbage contained approximately 3.5 C/Ib.

If garbage reduction 1s employed, the situation will be the
following:

Reduction processes can be applied economically only to
large cities. Some experts are of the opinion that a popula-
tion of 200,000 is required to furnish sufficient garbage. In
1943, there were eight full-scale municipal garbage reduction
plants. The present number is undetermined, but it is
probably true that this is & minor method of disposal.

The products of garbage reduction are as follows:

(1) Grease. 'This amounts to 1 to 3 percent by weight of
the garbage. It is used for manufacturing red oil, glycer-
ines, candles, and soaps. :

(2) Dry solids. Known as tankage, this amounts to 8 to
13 percent by weight of the garbage. It isused as a fertilizer
base and for stock feeding.

_(8) Waste materials. Solids such as cans and other rub-~
bish; liquids, floor washings, and tank-waste liquors, which
go to sewers; and gases, which are absorbed in water sprays
or, if combustible, passed through a fire.

By nature of the process, all of the garbage from a city
will come to this central point and consequently, the COM
will be diluted very considerably by additional garbage.

If 10 mC/day were processed in the garbage for various
size cities, the following conditions would probably occur if
all of the C!"* went into the salvagable products and was
squally distributed according to weight:

Pounds Grease Tankage
Populsation | garbage 8
per day

Pounds | »C/lb Pounds £Cfib

200, 000 | 100, 000 2, 000 0.8 10, 500 0.8
500, 000 250, 000 5, 000 .8 26, 250 .3
1, 000, 000 | 500,000 | 10,000 -2 52, 500 .2
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Garbage disposal in open dumps is not considered. The
practice should be discouraged from a sanitation viewpoint,
if no other. In any event, it would probably occur only in
situations where one would not expeet any large use of C™.
In the event that it did oceur, the garbage would be decom-
posed completely in about 30 months and most of the C*
would have been released to the atmosphere,

If the garbage is disposed of in sanitary fills, it may be
considereg ag 8 burial problem and the recommendations for
burial should be followed. If buried, the garbage would de-
composed slowly over a period of years and be converted to
gases.

6. Burial

Carbon-14-containing material may be buried provided
it is covered with at least 4 ft of well compacted earth and
does not exceed the following himits: .

(2) The maximum permissible concentration of C* in bio-
logical material (plant or animal) for burial shall not
exceed 5 uClg.

(b) The maximum permissible amount of C** in chemical
compounds mixed with ore cubic foot of soil shall
not exceed 10 mC,

In general, one would consider the problem carefully before
advocating burial of substantial quantities of radioactive
material of long half-life. Carbon-14, however, deserves con~
gideration as an exception to this rule because it possesses
unusual potentialities for stable isotope dilution. It would
appear, at first glance, that the greatest hazard from burial
of C* would be later incorporation in plant material. It is
unlikely that this will occur to any great extent because (a)
the feeding roots of annual plants are generally concentrated
in the upper 12 in. of soil, and (b) very little carbon is taken
in through the root system,

Burial shall be at least to a depth of 4 ft, with well com-
pacted earth cover. Greater depths should constitute addi-
tional safeguards against subsequent sccess to buried ma-
terials. The burial should not be in sealed containers of
permanent material (e. g., sealed glass bottles), which would
prevent dispersion. In the burial of animal carcasses and
other biological materials containing C*, burial shall be done
in accordance with the sanitery rules and precautions not-
mally pertaining to burial of these materials. If the recom-
mendations stated herein are followed, the health hazards
from burial of C* are not considered to be sufficiently great
as to require marking of burial sites. In situations where a
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marked burial site is available, it i i
us%(‘ihfordtiiflie ol site is oﬁ’ﬁé Eé;ﬁ 18 recomrended that it be
e ferences allowed in the maximum 58
;%%ﬁefggaﬁgugﬁ o(f}izl Iin_ ]c)iglegi'csl1 maberial aspignmlgsaigg
: _ *in chemical compounds i
%)l}i?lgg;?;lmnfs (())if‘i ﬁllle dlsp?rsion of the OB i?l Sﬁelii?ﬁl::{fdso%l
' of C* chemical compounds may result in hi :
specific activity since they cannot lly { D mgher
soil and it is less likely that a cﬁenep& 7 DS Sigpersed
r . ! emically sim
xx;ater1a1 will be present.  With inorganic Ol*ythe séli?rcai'%f}l?
a eshm@y be available for isotopic dilution. It should be
{nezgp asized, however, that in the case of organic C* bear-
Ofbtmatega,ls, decon;posmgon will occur and that after a period
of ;1132 t&(;lsg %ﬁermlsTm};ﬂI be converted to methane, carbon
i ;. water. ese gaseous end d i
diluted isotopically and i e oy e
¢ physically a
re%gigred énn_océuous throughysuch %ﬂtﬁ?ognﬂ eventually be
ce buried materials are in general i i
azzgidélarsei igc%mmendedl cThould ng‘:; createmaag;e:as;gle’ ’1%2
) _that one could visualize would b nati
f%;dl ingestion of these materials. Ali‘.l:tc;n,lgbi3 iﬁlilsu%at:lon%
ikely, if 1t did ocecur one would have to consume the follow-

n it : . e
: %:1 ((;Eum ities of material to get the single permissible dose of

Biological material (at 5 pC/fg):
; o): 200 g.
Other materisls (at 10 mC/HE of soil)g: 10 1b of soil.
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7 g issued as rapidly as possible. o
" Since the statement of an average per copi

© | Handbooks, no furthier statements
" made at this time.  In any discussion of

© U with the trends of

S from External: Sources of Tonizing Radiations
. (Extends and replaces _i:g'sér't_'bi_-:]'ahiia_r;{_s_,-']_,_!)s
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" books: 42, 48,49, 5 51, 52,535 :55,°56; 58, 60, and 6

- Maximum Permissible Radiation
~ Exposures to M

 On January 8, 19 ‘National Committee 0

. fion and Mea;su'remgnts_is'sued}a,-_fofe}_i_minap St

“its revised philosophy on Maximum Permissible

P b_e'en'atj_ti}?ely;_st_txdy_iﬁg_thé_'r_;_ege_s:s_ai‘yg revisions ¢
|7\ books.  These studies have showx the need fo
o earlier statement and (2), modification or extensio
cepts in that statement. Furthermore, h

- “on: Radiologica Protection has made miinio; ges in
“mendations. " Accordingly: the: NCRP has prep

© i given below, that. Il assure uniformity in the ba
. embodied in the various handbooks. Since
. followed closely. in plann ng radiation operations ir United
" “snd sincs the modificatio iandboolk may require mary months
"o of effort, it sems wise to make the over-all guidir ¢ principles available
“in advance of the reissusnce of the revised handbooks. . T ui

U are niot desig ed 'to take the place o'f_:.:an'y_:'o_f;_théfhgﬁd_ﬁqo_k_s the pr

population’ does not. directly r_iﬂﬁer_ic_:g”the::_sﬁ_bst_g.z e of
, regarding such a number

" take into consideration ‘e dose from natural backgrou
or dental procedures.

7 The changes in the accumulated: MPD are not.
- evidenee of damage due to use of the carlier per
but, rather; are based on the desirs to br he ]

: seientifie opinion ; itlisrec
- ‘miany uncertainties in the available dat

' tion has also heen given to the probabilif

1o spite of the frends, {




invoived 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. Because of the impaet of these ;. .

ehanges and the time required to modify existing equ:pment and

instaliations, it is recommended on the basis of present knowledge that-: g
s conversion period of not more than- 5 years from January 1857 "
(see footnote 1) be adopted within which time all necessary modlﬁca- RN B

tions should be completed.

The basie rules and the operatzonal gu!des outlmed beiow are m—' o
tended to be in general conformity with the philosophy expréssed in the .
1953 staternents of the ICRP, as revised in April 1956 _a.nd:_Ma_;rch_ 1958_.. s

Guides for the Preparation of NCR? Recommendations e

It is agreed that we should make clear dastmet;on be‘{.ween basm.._- E
MPD rules or requirements, and operational or’ admmlstratxve guides:
to be used according to the special reqmrements in any partmula.r:-_'--
gituation. Guides have the distinet valie of retaznmg some: rea,son-: o

able degree of uniformity in'the 1nterpretat1on of the basw ruIes

The risk to the individual is not precisely determinable but however- SE
small, it is believed not fo be zere,  Even if the njury should provef- o
to be proportional to the amount of radiation the individual reeelves,” i
to the best of our present kriowledge, the néw permlssxble levels: are

thought not to constitute an unacceptable risk.. Sincé the new. rules

are designed to limit the potential hazards to the mdw:dual and to the:
* reproductive cells, it is therefore, necessary to: control the radiation
dose to the population as a whole, as well as to the individual, " For - :
this reason, maximum permissible doses are set for the small percentage R
of the whole population who may be oceupationally exposed, in order’: . =!
that they not be involved in risks greater than are normally, aceépted "
in industry. Also radiation workers represent a somewhat selectéd ..
group in that individuals presumably of the greatest susceptlbihty: B
(i. e., infants and children) are not included, H(mever, for the persons: S
Ioeated immoediately outside of controfled: aréas but who' may: be'_:;

exposed to radiation originating in controlled arcas, the permlssmie:. .

level is adjusted downward from that in the controlled area heecause:

the number of sugh persons may not be negllgable With t%us down-
ward adjustment, the risk to the individual is m*gilg,zble 80 that sma]l_';

transient deviations from the preseribed k,vels are ummportant

Controls of ragiation exposure should be adequate to provide réason-"

able assurance that recommended levels’ “of maximum:; permissible’

dose shall not be exceeded. In addition, the I\'CRP reemphasmes its
iong-standing philosophy that radiation exposurcs Erom" *\hatever i

sources should be as low as practical,

2

S5 1t d9'no Tonger velated to the old weekly dose ltr
“ivotihie 15 rems as gnven n the NGRP yrehmmar y




Honds and forearms, feel und ankles: MPD— 75 rems/ye&r and the:' _:

dose in any 13 consecutive w eeks shall not eacee(i 25 reins. i B

C. Inlernal szposiires, '

The permissible levels from mtermﬂ emltters W 111 be eonssstent as '
far ag possible with the sge-proration. principles -above. Control 6f. 7
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 radiosctive materials in the air, water; or. .. .
food taken into the body. Since it would be ipractical to set different -
MPC values for zir, water, and food for radiation workers as & function,

of age, the MPC' values are selected in such 2 manner that they conform o

to the sbove-stated limits when appliéd £6 the most restrictive case;

viz., they are set to be applicable to radiation workers of age 18, Thus; <.
the values are conservative and aré applicable’ to radxatxon workers :
of any age (assuming there is no oceupatlonal etposure to radiation SRR
permitted at age less than 18)." The factors entering into the ealeuiass

tions will be dealt with in detail i in the forthcomtng mv:slon of Hand-: EERRy N

book 52,

The maximum permmsxi:)le average cencentrat:ons of rad;onuchdes'} w
in air and water are determined from biologieal” data. whenever ‘such
data are available, or are caleulated on the basis of an sveraged anntial
dose of 15 rems for most individual organs of fhie body,5 30 reing svhen g L
the critical organ is the thyroid or skin, and 5 rems when the gonads-' i s "
" or the whole body is the critical orgar. Fof béne seakers the: maxinum . Rt
permissible limit is based on the distribution of the deposit, the RBE o
and & comparison of the energy release in the béne with the' ‘energy
release delivered by a maximam perm;eelb]e bodv burden of 0 i ;:g Ram R

pius daughters

2. Emergency Dose (Radzatzon Workers)

An secidental or emergénoy dose of 25 rems to the “hole body or LA s

mejor portion thereof, occuring only once in the lifetime of the person;

need not be included in the determination of the radzatmn e'{posure_.". e

status of that person (see p. 69, H50).%
3. Medical Dose (Radzat:on Workers)

Radiation exposures resulting. from necessa,ry medmal and’ dentai_'-_' it
procedures need not be included in the determmatxon of the radla’mon EERTIRREN

exposure status of the person concerned.$ -

tation.,
3 This is basically the same as the 1953 (Hsy) l’ecommendntions
4 Thig is the same as the 1954 (FH59) recommendstions. -

(4

4 Thisis basically the sume as the 1954 (5&59) recommendstmns except ror the 13 -3 eek hml-. -

Ra '-'current expesure
m s,ny 1 year sho

: . - be 5 remé,
C safety.




7. When any person accepts employment in radiation work, it shall. | |1

be assumed that he has received his age-prorated dése U to that tinag -

unless (1} satisfactory records from prior radiation employment shéw

the contrary, or (2) it can be satisfactorily demoristrated that he hag’

not been employed in radiation work,  This is not to imply that saeh .-

an individual should be expected to routinely. aceept exp'o'surés at

radiation levels approaching the yéarly maximim of 12 rems up to the’ Loy
time he reaches his age-prorated limit. Application of these principles:

will serve to minimize abuse.

8. The new MPD standards stated above are n'(.jt_' iﬁteﬁdéd_”t’d 'be:_:_'-.'. -
applied retroactively to individuals exposed under previously accepted. o f)

standards,

9. It is implicit in the establishment of the basie protec:tioﬁ _rﬁ_lés that

at present it is neither possible nor prudent to ad’ministep'_a_sui’bably-'

safe radiation protection plan on the basis of yearly monitoring onlyl o
It is also implicit that at the low permissible dose lavals now being fec:"
ommended, there is fairly wide latitude in the rate of delivery of thig® "
dose to an individual so long as the dose remains within: the ‘ages' .

prorated limits specified above, In spite of & lack of clear evidenée of

harm due to irradiation at dose rates in excess of some specified level, -
it is prudent to set some reasonabla upper limit fo the rate at whieh'an: "

occupational exposure may be delivered. Therefore; it has béen agreed
that the dose to a radiation worker should ‘not éxceed 8 rems inany,

13 consecutive weeks. : :

10, The latitude that m.ay. appropriately be sipp.liéd"]fn' the _obéré-.
tional and administrative control. of oceupational exposure. will be

dictated by two major factors (a) the type of risk involved ahd"the :

likelihood of the occurrence of over-exposures and (b) fhé'mo_xj_i_t't:)riiig_ L
methods, equipment, and the dose recording procedures available to

the radiation users. Where the hazards are minimal and not likely {6
change from day to day or where there are auxiliary controls to ih’sﬁré‘.; :

that the 13-week limitation will not be exceeded, thé integration may .

be carried out over periods u;')_ to 3 months.” Whare the'h'a'._zariis" dre

significant and where the expostre experience indicates unpredictability -

s to exposure levels, the doses should he determined more frequently,

such as weekly, daily, hourly, or oftener, as may be 'requir'e_d o limit

the exposure to permissible values.

11, For the vast majority of installations (medical and industrial), " -
operation is more or less routine and ressonably predictable and’ it S
may be expected that their monitoring procedures will be minimal, -
For such installations the protection design’ should be adequa;bé"td_--
insure that over-exposures will not occur—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 insceuracy of the readings may unduly prejudice the radiatioz_l ;

(6)

o
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