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UNITED STATES _
ATOMIC ENERGY COMMISSION

Oclk Pldge, Tennessee
October 15, 1948

Dre A. H. Hollend, Jdr.
Medical Advisor

Oak Ridge Operations
Oak Ridge, Tennessee

Subjecte: REVIEY OF TE TATIVE MINUT ,S CF MESTING ON.TVASTS DISPOSAL
OF RADICACTIVE FATHWRIALS BY CFF-COMMISSION TSERS OF ISOTOPES

Dear Dr. Hollend:

Te are enclosing a copy of the tertatlve minutes on the September 20,
1048, meeting on disposcl., These minutes were prepared in summery
form by G. V. Morgoen and N, H. Woodruff. They have attempted to
credit the main voints to the individuels who were primerily res-

-ponsible for their introduction.

Yo should cppreciato your reviewing, these minutes, feeling freo
to make corractions, edditions, or corments on the various points
covaercd.

This officc wishes to express its apprcciction for your coopera-
tion in varticipetine in the mesting. e foecl thet these rccome
mendations for the intaorim poriod will be very boneficinl to the -
of f-Cormission users of radioisotopes, and to *he verious advisory
groups.

Since we hope to formolizc these recommendetions in writing by
Decembor 1, pleeso return thom to this office by November 15.°

‘Vith personal regerds, T rm

Yours very truly,

énul c. Aobrrsold Chlcf N

Isotopos DNivision
Oak R1dgo Op~retions

Encl.:
liinutes
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" ', Those perticipating and voting were:

-TENTATIVE MINTTES OF MEETING

D ox S . .
NASTE DISPOSAL OF RADIOACTIVE, MATEPIALS BY OFF-COMNISSION USERS
' ' o HELD ON . - : ’

SEPTEMBER 20, 1948; U, S. 4. %T. C. BUTLDING, "VASHINGTON, D.C.

[
- e - -

\.l

Dr. X. 2. Forgan, Director, Health Physics Division, Oek
Ridge ¥ational Laboratory )

Dr. H. M. Perker, Director, Health Physics Division, General
¥lectric Company, Hanford, Washington

Dr. L., F. Nims, Director, Division of Biology, Brookhaven
National Laboratory

Dr. S. P, Cowen, Fealth-Physics Department, Brookhsven National

Lakoratory :

Tr. J. B. Rose, Director, Divisicn of Fealth Physics, Argonne
Nationel Laboratory : i

Dr. Willism F, Bole, Professor of Redistion Biology, University
of Rochester ‘ .

Dr. Yymer L, Friedell, Director, A.®.7, I'edicel Research
'Project, Western Reserve University

Or. ®dith Quimby, Presbyterian Hospital

Dr. Robley D, Bvans, Messschusetts Institute of Technolowy

Dr. 4. H. Hollend, Jr., Medical Advisor, Ogk Ridege Overations

Dr. Rernard Wolfe, Medicel Advisor, ¥ew York Opcrations

Dr. Carl Praestrup, Consultent, Kew York Cpsrstions '

Dr. Prul C, Acbersold, Isotones Nivision, Oak Ridze Operations

Those also verticipeting were:
From ths Tashington office, A,T.0.:

Dr. Spofford ®nglish, Division.of Resecrch
"Pr. John 7, Bowers, Division of Biology and Fedicine

¥y, Oliver H, Tovnscnd, Office of Publiec Inforemetion
Yr. A.-®. Gormen, Division of Enginsering

Commender B, T, Hirbar, 1.S,¥,, Office of Filitery Apolicetion
pjor Moxwell Douer, Offico-of Militery Applic-tions

Or. J. H., Jensen, Nivision of Biology snd ¥cdicine

From Ock Ridze Oporetions, L.%.C,: '

Dr. Herry 5., B, Stoeckls, Jr., Division of Kgodicine rnd Rescerch

Dr. ¥, H. Joodruff, Isotopes Division

tr. G. ¥, ¥orgen, Isotoves Division

From Ock Rideme Fctional Lrborctory:

Fr. Ross Theckerey, Health Physics Doorrtment
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. Introductlon caw oL T .~qa;,4f;~~

Dr. Nlms, who ngrfed to serve c¢s the chalrmpn,.lnltletcd the dlS-

:5 cussion by explaining the purpose of tha meeting. Ho pointed out the

urgent nced for precticeble recommendations on tho disposel of. radio-

*rotive wrste or unused materisls by off-Commission users. Ho emohrsized
L athet: . fl) Thc discussion should be limitsd to the immediste problems
.,'of off-Conmlselon us~rs, without con81derqt10n of ths long-rance dis-
"posrl progrem; f2) Lny recommendctions developcd during the meating -

L]

;mvshould ba dlroctnd tow rd thc problems con+omnlstcd for tha next two
ﬂy’yoars.

Dr. Aoborsold p01nfnd out that thes Isotopes Division crn giva
.good advico on nll phascs of hendling rediorctive meterisls, sxcapt
+ that of disposel. On thn lettor there appears to bo wide veristion

:ﬂqf,oplnlon, which hrs not yet becn crystallized by » committee or o

group such as the onc now in session. WHe strtod furthor thet r1though

" this problem is not rcuts ot present, some definitc regommendations on

disposcl shoyld ‘be formuleted to serve during the interim veriod, untii
a formal committeo is esteblished for this purpose. Ho rmpn381zcd that
this mopt1ng.w111 not interfcre with the work to bo prrformcd.by the
Netionrl Committce on Readiation Protcction of the ¥etionel Resaesrch
Council. .hny rncommendations mnds by the prosent group could not in
any case ba nxpﬁctnd to he M"parmen-nt," but would cvcnt1<lly te super-

" sodod by thosc mrds by the Netional Committes,

Dr. Teylor, Chairmen of the Nrtionel Committeo on R’dl"t’On Pro-
toctlon, indieated the desircbility of heving the prasont group mrks
recommendrtions on, methods of disnosal, in ordc# to rvoid confllptlnb

“rdvico now erising from the verious sources. He steted thet Dr. Warren,

"Dirgector of Riology and Fedicine, 4.%.C., requested him to form a ‘

'subcommlttoo to teko over the responsibility of disposel; but since

' probebly & yoer. or yntr-"nd—n-h"lf would elapse boforc recommondstions
" would be’ fovthcomlnv from the Nrtional Committes, it was docided to -
‘hold the prcsont mecting to formulata rrcommendrtions to serva during

_tho intcrim psriod. The rensons for this were: (1) immedinrte nacd

' for working recommendrtions; (2) dosire to avoid conflicting advice

'whlch would unduly confuse the of f~Commission usar; (3) the onlnvons

expressed hsrc would be Teluable for the dcliberations of the newr sub-
committce when formed.,

B. Gonernl Problems of Disposnl

Surmery of discussion

" Dr. Nims diroctcd the nuteutlor of the group to Item 4 of ths

lott'chod aocnds, Ths following voints were brouzht sut in discussion:

1., The committco should try to sot up limits on the meximum
.. quantitios of redinactive metrrizls thet mey be disposcd of

e in certrin ways, as well =s limits below wklch radioectivao

meterials would not be clessificd as boing "radioective,"
Theso limits mey not bo iderl or permrnont limits, but
opereting limits, (Nims) -
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. . 2. It was emphasized that simplicity in methods of disposal
3 *. 1s of prime importence, and that xecommeridations should
not be set unnecessarily severe so that they will not be
adhered t% by the user. (Friedell and Evens)

3. There are certainly some safe limits for the disposal of
any radioisotope. Assuming this, such limits should be
established, particulerly for P 32, I 131, and C 1ly, which
constitute over 90 per cent of the activity distributed by
the Isotopes Division. (kebersold) .

L. Attention was directed to the appendices end each was re-
viewed. Special emphasis was placed on Appendix 10, in
which velues are listed for representative radioisotopes
indiceting the required degree of dilution with steable
element, weter, end soil, to achieve s dissipetion of
L.15 ergs per grem of dilutant per day. It was generelly
agreed that it is a safe precedure to bury radioisotopes =
of eny half-life, provided they are uniformly diluted to
L 15 ergs per grom per day with steble isotopes of the
scme elément end in the same chemical form.

5. On the guestion -of whether 0.1 microcurie per liter of
water is safe, it was indicated that although it, would be
difficult to set up strict rules for dilution of all-
radioactive isotopes, we should egree cn, levels for short
helf-life isotopes. (hebersold and K. Z. Morgan) '

bt

O« It was pointed out that the.British and Cenedien projects
do not agree entirely with our levels snd tend to be in
general more conservative, PR o

7. On the question of discussing disposal recommendations

with people who sperate the sewer system, it was pcinted

out that discussion should come after some generally
agreed upon recommendotions are formulated by the present
committee. (Gorman and webersold) . ~

8. On the question of relotive legel responsibility of the
isotcpe user, it weas generally assumed thet the institu-
~ tion accepts the responsibility for sefe handling: and
disposal of radioactive materials by signing the accep- r—-;>;
tance form, which conteains clauses covering these points
(Appendix 2 of hgende). However, no member of the legal
staff was present to render opinions.

..

y

9. For other discussions on disposal, see hgenda, hppendices
16 (Quimby), 17 (Hollend), 18 (Friedell), and 19 (Evans).

_To direct the discussion to something congrete, it was agreed to
focus the attention on the disposal of radioiodine as an exemple of &
short half-1ife material that is shipped in large quantities.

)

-3 -
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Redioiodine Disposal

Pl -

LK}

¥ Summery of discussion

1.

!
,

Thé velus of 0.1 microcurie per liter (Item IV-A, Agenda) is

- not necessarily safe for disposal if there is the possibility.

" of -selective absorption and reconcentration. (Parker)

The value of 0,1 microcurie per liter was set for drinking

' water and not for sewage. (Wolfe)

Iodlne 'is to soms eytent removed from.water by absorption in
orgenic matter of sewage.. (Friedell)

It is’impractical to dilute excreta from therapeutic patients
to give a dilution of 0.1 microcurie per liter in any partic-

. ular branch of the sewer system, since every 0.1 millicurie

of ilodine would require omne thousend liters of watér. (Evans)

Normol uptdke of iodine by the thyroid of humaﬂs is in the

order of 30 microgrums per dey; the active mcterial is excreted

in two liters of urine per day. For discussion on disposal
of iodine in hospitels, see appendix 16 of Agenda. (Quimby)

as to the practicability of storing contumincted excreta, it
wos pointed oub thet it-is improchticel to store excreta con-
temineted with ruadioiodine, becsuse of excessive volume
requiring too much storage spoce, molodor, &nd unnecessary

~ exposure of laboratory personnel.- (Teylor ond Guimby)

' Radioiodine could be rondered sefe by dilution.with stablc

iodine in propor chemical form. . (Frledell)

an upper limit of disposal of 100 mo per wee&, Item Ian—B
of Agenda, would limit treatment, with radioiodine to o fow
petients in any particuler hos pltal To cover the scele of
tzeatmeht now used, an upper limit of 200 mc per week would

" be satisfactory. (Holland and Quimby)

90

On basis of 0.3 r per week, the maximum permissible concen-
tretion velue for radioiodine is 2l microcuries per liter
based on ingestion (4ppendix VIII of hAgenda). 4 concentra-
tion of 0.5 microcuries per liter will give & safety factor
of 50 to allow for possibility of reasonsble values of
reconcentration. (iebersold)

MOTION I (Made by sebersold, seconded by Quirby)

Radioiodine mey be discharged from en institution into the mein sewer,

_provided that:

.

| 1.

The

7

daily volume of Water flowing from the sswoge outlet of thes

institution to the mein sewer is sufficient to d¥lute the redio-

iodine to 0.5 microcuricec per liter;

-l -
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2. keximum activity disposed of froms any one institution will not
exceed 200 millicurics per week;

5. Reguler radiation surveys are made of plumbing fixtures;

" L. bhppropriate surveys are made before repairing the plumbing botween-
: the disposal outlet and the main sewer. . .

Item 1 ebove originelly read: "Radioiodine is diluted to the level -
of 0.5 microcurie per liter in the sewsge outlet of the institution
into the mcin sewer." (Amended at the suggestion of Drs, Holland cnd
. Bale %o cllow for avercge dilution over day's time)

’

LOTION I WaS PASSED ) ‘

Further discussion on rcdioiodine -

1, Item 1, Mbﬁion I, will limit the use of radioiodine to hospitcls
hcving more than 50 beds, sincc on this beasis 2,000 liters of
water per doy would be required for ecch patient, in order %o )
dlsohargu one millicurie from ecch five patients. A&n alternate
method using dilution with iodine should be recommended. (Evans)

2. In response to 't. question rogarding the besis for selecting the
velue of 0.5 microcurie per lltcr (Evuns), %he folloWwing reasons’
werc given:

a. To prevent endengering the hecltn of fhc individuels who
might come in contuet with the effluent; (Fr1cde11)
[+ For the safety of thn plumOLr (however, this is not the
limiting factor). (X. Z. Horgen)
.o ' A -
5. Concerning the possibility of diluting with potessium icdide,
the latter should boe 2déded at the time of disposal. (Quimby)

L. Iodine is excreted mostly as iodide; consequently, dilution with
sn ioc¢ide such cs potassium iodide insures proper ohemlc&l form
for mixing. (Friedell) .

5. The concentration of radiociodine in water cen be safely raised
to 100 microcuries per liber if one grem of potassium iodide is
cdded for each millicuric of active muterial., With this elemen-
tal dilution, a meximum of one-thirtieth microcurie could be ab-
sorbed by the thyroid gland in one day, since this would be the
quantity contoined in 30 microgrems of iodine, the normal thyroid
upteke. \Evans cnd Qulmoy)

6. i concentrction of 100 microcuries per liter is too high for
cxposure of the body surfece when it is immersed. (Parker)



+

" MOTION II (Made by Evans, secondcd‘by rledcll)
—_— (-

;~); _' Radlolodlne nay be dlschargea from an 1nst1tut10n 1nto the main

" _sower, prov1ded thet: , B

Item 2 above originally read:

: To cech millicurie of radioiodinec discherged, one grom of

potassium lodlde is added at the time of disposal;

'Radioiodine will be diluted to 10 microcuries per liter in

the sewage outlet from the institution into the main scwer;

" Reguler radiation surveys are made of plumbing fixturcs;

bLppropriate surveys are made befors reﬁairing the plumbing

- betwsen the disposal outlet and the nain scwer. -

"Radioicdine will be diluted to 100

microcuries per liter in the sewage outlet from the institution into

the main sewer."

(smended ot the suggestion of K. 2. Morgoen ond

Porker to allow & safety factor for possi ble body'zmner31on)

N

MOTTION IT WAS PaSSED.

D.

Phosphorus 32 Disposal

Sunmory of discussion

1.

The meximum pernlsswble concentratlon of P

. 100,000~fold above the weter content.

In tho first three days of treetuent, o paticnt will excrete
avout 30 per cent of the doses of phospherus, which kas a
biological half-life of from 8 %o 9 days. (Friedell)

!
Since 0.8 por cent of the dry solid motter in sewsge is
phosphorus, P 32 should receive high dilution with the
element in the ordincry sanitery sewer systen. (Agbersold)

Ton per cent of tne vhosphorus sbsorbed by the body will éo
to the bone uc.ess LThe vhosphorus is ia such chemicel con-
tent that it is selcctively obsorbed by some other orgen.

(X. Z. Morgon)

32 in drinking
water as listed in swppendix 8 of the ngenda should be cor-
rected to recd 5 microcuries per liter? (X. 2. Lorgan) .

It has been demonstrated that under spccial conditions
favoring selective upteke, P 32 con be concentrated
Therefors, potential
users should be warned of this possibility. i concentration
of 5 microcuries per liter is tco high if one considers the
body surface dose for swimming in the woter. Becouse of the

foctor of body surfoce dose and the possibility of reconcon-
"trotion of the active moterisl, the perm1s31ble concentration
Parker)

should not be grecter then O. 1)40/1

-6 -




6. It should dcfinitely be safe to disposc of phosphorus in
concentrations of onc microcurie per 67 grems of phosphorus,
~  since this is ‘the volue according to nppcndlx 10 of the
agenda. (Acbersold) -

e 4

7. High elcmental dilution should teke placc in the sewuoe,'
’ sincc much phosphorus is contained in sewer systems,.rivers,
and lekes. (Quimby)

© MOTION III (Made by hcbersold, seconded by Friedell)

Rediophosphorus may be dischoarged into the sewer, provided thot:

1. It is diluted to 0.1 microcurie per liter in the sewoge systenm;

2. Eech millicurie is diluted with 10 groms of phosphorus as
phosphate at the time of dischorge. (Note: The steble phosphate
considered in the dilution may be both moterial occu”rlng naturally
or artvificially supplied);

5. The moximum sctivity disposed of in any one institution does not
cxceed 200 millicuries per week;

Li. Appropriate rediation surveys are mode before repsirs are made
to the plumbing and dispesal outlets to the main sewery

5. The scwage does no+ enter directly into frssh'weter systems.
In the original motion Item 1 resd: "ihe duily volume of wrter is
sufficicent to reduce the level to 5 microcuries per liter.” (hnended
ot the suggestion of Perker ond K. Z. Morgon to &llow o factor for
possible reconcentration) .

.

MOTION I1I Wia5 PASSED

E. Carbea 1l Disposal

_ Summary of -discusscion

1. It is pepticulcorly inportont thet this committcee moke roconm-
mendotions on the disposal of C 1}, since some universitics
have refused to stcrction work with this isotopc. (Wims)

2. The biggest problem.is disposcl of redioactive COs during
the initisl stoges of use in an animel. (Friedell)

2. 1t should be supersafe to assurie that 110 microcuries per
nan (npoondlx 7 of ngenda) is & permissible wvolue, or 117
grams of carbon pyr nicrocurie, since this is based on &
concentration of & factor of 10 over uniform distribution
in the body. {(Quirby)



€
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If one considers date from recent experiments with young
animals,_which(shqwed concentration of carbon in the bones
‘and teeth, 110 microcuries per men would give above per-
missible dosage rote to the teeth and possibly certain ports
of the bone.. (Rose) . ’ ' .

The value of 3L microcuries per men, as set forth by Dr. Brues,
is 'in line with my most recent calculations of 32 microcuriés.
(K. 'Z, Morgon) ’
_As o basis for the dilution of Cerbon 1l;, it wes assumed that
in genercl. the Carbon 1l may be reduced to carbonete end then
- uniformly diluted with elemental carbon in the semc chemicel
form. ({aebersold) . ’ oL

Obviously & person ccmnot eat s much as one pound of caerbon,
so the figure of 117 grams per microcurie (appendix 7) could
be reduced considersbly when considering disposal of Carbon i
in 1iquid or solid moterisls. (Friedell) -

Dilutions of 117 groms per microcurie night not be safc for
continued assimilation by people under 20 yeurs of ege if one
tekes into socount the dets on uptoke by young eninels. (Rose)

When incinerating materials contuining rodioisotopes such as

C 1L, it is extremely difficult to determine the corguntra-
tion in the effluent from &n incirerator (Tten VI-E of Agonda),
(x. Z.'Morgah)

Very few actuzl volues on safe permissible concentration in
air or of the reote of rclease of active materials during
incineration aré availoble; consequently, calculotions would
heve to be based on the velue stated in Item VI-E-1. (Parker)

- ls essenﬁial to scrub the effluent if the concentration is
very high. (8aie) '

ot Western Keserve University onimals being used in C 1L
experimentation ere disposed of in an incinerator, the
effluent escaping through an unusually high steck., Diffi-
culty has been experienced in finding sny esctivity in the
incinerator, except immediately efter incineration. The
level of activity in the ashes has been below usual methods
of C. 1l detection. If zctivity were detected, it would be
difficuit to separate the radioactive isotope from the
ashes. . (Friedell) '

The value of 1072 microcuries of Carbon 1y of COp per cc of
. air would be considered safe under cervein circumsvances,
but ell particulate matter should be filtered from the
effluent. . (Kose)

e )T e A T e Y A 3 f e PR s i e 7 LA T 4 T - . e
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MOTION IV  (Nade by Aebersold, seconded by Friedell)

Rediocarbon may be exhausted in the air, provided thsat:

1. No person shell be exposed to the inhelation of air containing
grester than 10-D microcuries per cc;

2.l'Particulate metter is filtered from the "exheust sir.

JOTION IV ¥AS PASSED,

MOTION V (Mede by ‘Aebersold, seconded by Friedell)

Redioisotopes of any half-life mey be buried in the earth if they
are uniformly diluted with stable isotopes of the seme chemical
element and in the same chemiceal form, to the extent that L.15 ergs
are dissipeted per grem of element per day, provided thatb:

1.” The burisl is mede only in suitebly selected areas which are in
possessinn of, end will be meintained by, the user;

2. The meterial is buried at a minimum depth of 5 feet.

MOTION V WAS PASSED,

\

MOTION VI (Made by Wims,.seconded by kebersold).

It is recemmended thot Item IV-C of Agenda be tobled for dizcussion
£T o leter meeting.

MOTION VI WaS P.SSED.

The meetirg wes adjcurneid.
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O P L ( RESTRICTED ).
Co T LT Aok oF MERPING ON WASTE Drsposap | \DLSTRIBUTION)
7. " UF RADIGACIIVE MATERIALS BY OF?-COMMISSION USERS

U. S Atomlc Ehergy Commission
A E. C, Bulldlng, Washington, D, C,

koo /o ) September 20, 1948, ¢
I. , Announcement of Meeting and Personnel Invited:
. A Announcement of need for the meeting and names of persons invited,

together with names of institutions w1th which they are affil-
iated, -are found in Apnendlx 1,

-

' II.  Scove of Discussion:

. A, The discussion should pertain specifically to the disposal of
¢ radioactive waste materials of the tvnes and quantltles involved
' in offéPrOJect utilizations.

B. The discussion should not now emphasize the long-ranze problem,
involving a total amount of distributed radioactive material

+ which might be orders of magnitude larger than that deliversd
~:} . during the past 12 months., It is more desired now to concentrate
b on procedures which will serve safely.for the next year or two
durinz which the types of isotopes distributed will not chanze
significantly and the total distributed quantities will most
likely be much less than an order of magnitude larger. The im-
mediate zoal should bo interim recommendations to suide off-
Commission users now, These can bessupplemented or modified in
a year or two as dlctat»d by'program expansion and dlsnosal ex-
perlonce

,y;“\‘lll. Purpose of Meoting:

‘A, To attempt to derive agreement among authorities on radioactive
waste disposal within the Commission regarding means of dis-
posal appropriate and practicable for off-Commission uscrs of

Commission supplied radioisotopes.
N ™~

B. To discuss the relative responsibilities of the Commission and .
the off-Commission users in the latter's disposal problems.

v ' C. To formulate quantitative criteria for disposal of certain
' ’ classes of distributed radioisotopes which will guidc off-

W Commission uscrs in selecting specific dispesal methods,

) | -1',-"
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To recommond the naturc and extent of laboratory and field
rescarch which may be necessary to establish the aforemon-
tioned quantitative criteria.

To formulate conditions for return of certain kinds of radio-
active wastes to Commission facilities,

Statcment of the Problem:

A,

With the increcascd demand for the distribution of radiocactive
materials through Commission facilities, it is becrming in-
creasingly apparent that an interim policy for the handling of
radiocactive waste materials should be adopted pending develop-
rment of a long—ranao policy. Since recipients of radioisotcpes
agree to disposo of radioactive wastes in a, safe mannor (see
App. 2), the Commission is obligated to define morec specifically
disposal procodurcs which under present knowledge and conditions
may be considered safe, ’

During the period from July 1, 1G47, to July 1, 1048, 2191 ship-
ments of radioisotopes were made from Commission facilities to
off-Project users. (Soc App. 3.) This number is more than
double the nunmbor of shipments made in the preceding year. Note
however that only 0,539 percent of all the activity £alls into
Group III, classificd as very hazardous by Subcommittee Mo, 6

of the National Committce on Radiaticn Protcction. (Sce App.H.)
Of these, C 14 accounts for 0.0029 percent of tho total activity
shipoed.

In determining the nature and scope of a wastc disposal vrogram,
account rmst be takon of the geographic location of the insti-
tution receiving isotopes and the quantities used. (Sce App.
5-A and 5-B.)

It is pertinent to note that an appreciable expansion in the
radicisotope distribution program is expected to take place
during the next yoar primarily because of an inerease in trained
perscnnel, It is probable that this will include a considera-
ble axpansion in the field of industrial rescarch and develop-
ment, Many of the cominz uses may require higher levels of
activity and therefere accentuate the disposal problem. Also to
be neted is the possibility, both on the part of industrial and
medical investizators, of substitutineg Cobalt 50 for Radium and

.X-Bays, 2s an external source of radiation., However, thec total

yearly distributed quantity is not expected to rcach an crder
of magnitude larger for scveral ycars or more,

»
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‘»The nuclear aﬁd blolozlcal propcrt1es of the radlolsotOnes must‘v
- be given primary consideration. (See Anp. 6, 7, and 8,)
Consideration must also be given to specific chemical and vwhys-
ical properties of the comnound containing ‘tho isotope:

The aim should be to recommend procedurcs which are nractical
both frgm the 901nt of view of the Comm1531cn and tne user,

1 Dlsnosal procedures recommended by the Conm1s31on sbould be
‘ sufflclentlv feasible, both in the time and money involved,
.%o induce faithful nractlce by off-Commission users, while
maintaining adequately safe practices. ’
. . i -
2. Disposal procedures should not result in serious sunpression
of valuable rescarches and application of radioisctcpes, un-
‘ S e less absolutely necessary 1n the interests of general public
oL , : health ~ : »
s 3, Commigsion facilities should become invelved in radicactive
Lo "earbage' collectin only wherein absolutely necessary. Ar-
L ' rangenents should not substantially increasce the burden on
" “scioentific and technical nersoﬁnel of Commission labora--
torles . . -

Sugeested Procedares for Con51derat1on--

A Radlolsctones hav1na half;lives of less than 30 days nav be
' disposed of in the sewer, provided the daily volume of water
flowing through the partlcular outlet used is sufficient to -
dilute the radioisotope to 0.1 microcuries per liter or te safo
. limits of concentration as set for that particular isotope.
‘:Thls nractlce should be. contlnaent on certain provisions such as:

‘;' - iu:‘ 4 1, ‘The maximum act1v1tv dls“osed of in any one 1nst1tut10n will
., not exceed 100 me, por week. (Seo Amn 9 and 10.)

et 2. Regular radiation surveys.of the nlumbing fixtures.

3. Apprdpriate surveys before repairing the plumbing between
the disposal outlet and the main scwer.

S B, Radioisotenes of any half-life may be buried in the earth, »ro-

L vided that they arc uniformly diluted with stable 1sotonos of
T the same element to the extent that 4,15 orzs (cquivalent to 50

mr/day in tissue) is dissipatcd per gram of element per day,

(See App, 10), provided: .

-3 -
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1, The burial is made only in suitably sclected areas which

arc in possecssion of and will be maintained by the user,
These areas should be promerly marked and enclosed with
suitable fencing, In case of wossible relcase into the
‘s0il, a thorousgh zeological investization should be made

. of the arca selected for burial purnoses, and analyses shculd
be provided of the soil, so that the fate of the'material

can bo dectermined to be ajyafo diluticn,

2. The material must be buried 2t a minimum depth of 5 feet.

Radioactive materials may be buried when pronerly enclosed in
a containér sufficiently well constricted to retain the isotone
for a meriod of fivo years, provided

1. PFor matcrials having half-lives of T2 years, the radio-
isotore is adulterated, nrior to enclosure, with sufficient
quantities of concrete or stable isotounes of the same ele-
nent to reduce the dissination of energy from the remainina
activity at the end of 5 years to 4,15 crgs mer gram of
adulterant,* The dosage rate at tho surface of the contain-
er shall not cxceoed 6.25 amr/hr. s .

2. For materials having half-lives of »>2 yecars, the radioisotope
shall be adulterated, prior to enclosure, with sufficicnt
quantities of concrote or stable isotone to reduce the dis-
sipation of energy to the extent of 4,15 ergs per gram of
adulterant per day.

3. The burial is made in compliance with "B'-1, above.

Materials may be buried at sea whon enclosed under conditions
stated in "C" above and buried boyond the three-milc limit. .

Materials centaining radioisotomes may be incinerated if the

. calculations of safe permissiblb eoncentraticn in exhaust air

and in 2isnoscd ashes are based on known values., In the ab-

sence of specific information, the following assumptions should
be made:

1. ¥or tho air calculaticn, that all the active material
gscapos in the air,

2. -Tor the handling of the ashes, that all the activity is
retained in the ashes, The ashes and/cr effluent residuc
arc then disposed-of in accordance with Scctions "B" and
"c" 3 .
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ViI, Recommendations and advice on disnosal of. radloactlve naterials
- now given off—Comm1s51on users:

A, " Excespts from clrculated information on disnosal of radicactive
materials, as recommended by Commission &roups, are anmended.

1, Argonne Natiohal Iaboratory. (Seo App. 12.)

2. National Committee on Radiation Prqteéticn, (See Avp. 13.)

3. Isotopes Division Ciréulai B—l.‘ (Seeprp, lh,) .

4, 'K, Z, Norgan paper, "Tolerance.Concentrations of Radicactive
Substances, " published in The Journal of Fhysical and Col-

loid Chemisgtry, Vol, 51, No. 4, July 1947. (For Commarative
Summary of tolerancc values, sec Anpendix §,) .

B, hdvisory Field Service Branch of Isotopes Division;

, The rolicy has been to discuss the zcneral problems associated
v with disposal of radioactive materials and to rocommend rpethods
© pertinont to the disposal of the particular isotore in question,
The final decision.as to the method has, howevnr been left to
the isotove user, . .

c. Excernts from infermation on disposal, circulated dy other
arouns. ;- '

1., Atomic Enoréy’Projcct, University of California,
Ios Angeles., (Sce App. 15.)

2, uberSﬂonience fron Dr, J, J, Micksen, %rgonné Naticnal
Iaboratory, to Dr, Philip S, Owen, National Rescarch
Council, (See App. 11.)

“VIII, . Remarks proﬁared for Meeting by Porsons Abtonding:

A, Dr, Albert H., Holland Jr., Medical Advisor, ORDG. (See Anv,
16,)

B, Dr. Edith H, Quimby, Presbyterian Hospital, Columbia
University, (Sce Ap»n, 17.)

C. Dr, Hymer L, Friodeli, Director, Division of Health Physics,
Argonne National Latoratory. (See App. 18.)
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APPENDIX 1

Oak Ridge, Tennessee .
Avgust 13, 1948 .

Subject: MEETING TO DISCUSS DISPOSAL OF RADIOACTIVE WASTES RY
OFF-COMMISSION USERS OF ISOTOPES

Dear

As you are well aware, the increased use of radioisotopes dis-
tributed by the Commission, presents a growing problem with
respect to the proper disposal of radioactive wastes by those
outside Commission facilitiese

The Isotopes Diyision has brought the problém.to the attention
of the General Meneger, and arrangements have been made for the
Washington Division of Biology and Medicine and the Osk Ridge
Isotopes Division to work together in arranging a meeting to
discuss off-Commission disposal methods. If possible.the mees-
ing should arrive at recommendations for suitable means of dis-
posal to be used by off-Commission users of radioisotopese.
Accordingly, a meeting has now been arranged on this subject for
16:30 ae.me, Monday, September 20, in the conference room, AEC
Headquerters, Washington, D.Ce Xnowing that you are -one of those
directly concerned with this subject, you are cordially invited
to attend. )

This first meeting will largely be confined to persons commected
with the AEC or its contractors, for one of the aspects to bo dis-
cussed is a system under which certain types of waste might be
returned to Commission facilities for disposale A few persons

 who are concerned with the use of large quanbities of radioiso-

topes outside Commission feacilities are being inmvited to present
the viewpeint of off-Commission userse

It is realized that the Nationel Committee on Radiation Protection
is orgenizing a subcommittee to be concerned with decontamination
and disposal of radicactive wastese It is not our intention to
duplicate the functions of this subcommittee, but rather to pre-
pare the way by attempting to derive a certain degree of agreement
within .the Commission on means of disposal appropriate for off-
Commission users, also on conditions for the return of certain

’
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Appendix 1 (Cont )

. radloactlve wastes to Commission facllltlcs. Tho Natiohal

Cormittec on Rediation Protection will have the moro genioral

" problem to derive rccommendations for disposal of all radio-

active materials,. including natural radioactive materials,
and radioactive mpterlals produced by nuclear bombardment
dovices.

A list'of the persons being invited is appended.

The Isotopes Division is preparing on agenda which it hopes to
sond out in advence of the meetinge We would appreciatc very
much your sending us any pertinent papers or correspondence
wnich you may have writton on this subjecte We would also. like
to roceive in advance a brief outline of your thoughts and
recommendations on means of disposal by off-Commission userse
The meeting will accomplish much more if each of those attonding
has propared comments end rocommendotions in advance, especially
if these ore sent to us in sufficiont time for reproduction and
oirculations

First, ploasc inform me as soon as possible of your inbtention

to ottend the meotings Second, ploase send me, by Soptember 7,
any comments or material whvch'w1ll be pertinent to facilitate
action et thc mecting.

With best pgrsonai regards,

Very truly yours,

Paul C. Aebocrsold, Chief
Isotopos Division
Oak Ridgo Operations

Pncle.:
+Appondix-list

TR T e RWNARTEL Y ALY S L Tem g N e iumnd
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Appendix 1 (Cont.)

LIST OF PERSONS INVITED TO ATTEND COMMISSEN MIETING ON
DISPCSAL OF -RADIOACTIVE /ASTES BY OFF-COMMISSION USERS
. OF ISCTOPES o

FROIl THE AEC STAFF:

" 1. Dr. AJH. Holland, Jr., Medicel Advisor, ORDO
2+« Dr. Bernard Wolfle, Medical Advisor, NYDO
. 3« Mr. Carl Bracstrup, Consultant, NYDQ
FROM AEC CONTRACTORS: ' .

le Dr. Karl Z. Morgan, Director, Health Physics Division, Oak Ridge
Neticnal Laboratory, Cerbide and Carbon Chemicals Corporeation,
Ozk Ridge

2e¢ Dr. HeM. Porker, Director, Health Physics Division, Geheral
Electric Company, Hanford, Weshingbon

3¢ Dr. Lesliec Nims, Dircctor, Division of Biology, Brookhaven
National Leboratory, Upton, New York

4. Dr. S. P. Cowan, Health-Physics Dopcrtmont, Brookhaven Neotional
Laboratory :

5. Mr. Nelson Gerden, Departmont of Chemistry, Radiation Leboratory ,
University of " Califernia, Berkcley, California '

6+ Dr. hustin M. Brués, Dircotor, Division of Biology, Argonnc
National Laboratory, Chicago, Ill.

7 Dr. Jo. Be Rosc, Diroctor, Division of Hcalth Physics, Argomms
Notional Leborgtory, Chicago, Ille

8¢ Dr. Wme. F. Bale, Radiologist, University of Rochester, Rochostor »
Newr York .

9« Dr. Hymer L. Friodcll, Dirccbtor, AEC Medical Rescarch Project,

Western Rescrveo University, Loekeside Hospital, Cleveland, Ohio

OFF-~-COMMISSION USERS:

s

2

Dr. Edith Quimby, Preosbytoerian Hospital, Columbis University,
630 Wost 168th Street, New York 32, N.Y.

Dr. Roblcy D Evans, Professor of Physics, Massachusetts
Institute of Technology, Caombridge, Massachusebts

In addition the following persons will also attond: appropriate per=-
sonnel from the Division of Blology and ilzdicine end other members of
the Washington office staff; Dr. N.H. Wocdruff, ¥r. G.W. Morgen ond
myself from the Isotopes Division, Oak Ridgoc.

PaC oluo
fugust 12, 1948 .

.
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APPENDIX 2

BXCERPTS FROM ACCEPTANCE OF TERMS AND CONDITIONS
FOR ORDER AED RECEIPT OF RYPRODUCT MATERIALS (RADIOISOTOPTS)

',.

The pertlnent 1tems are:

.1’5.

-

mhe appllcant w111 use bvnroduct.materlals only for. the purposes
authorlzed by the qum1s31on and will not deliver to anothsr
‘person (as defined in the Atomic EnernylAct of 1946), or dispose of,
all or any part of any %yproduct materials, purchased or acqu*red
from the Osk Ridee Fatlonal Laboratory, or from eny source on the
authorizetion or approval of the Cormission, urless written permis-
sion for such delivery or disposal is obtained from the Isotspes
Division of the ™. S. Atomic Energy Commission, Oak Ridge,
Tsnnessee; provided, however, that this rsstriction shall not oro-
hibit the disposal of weste or discardad byoroduct meterials when
such dispossl is maée in 2 manner which will insure beloﬁ tolerance
irrsdiation of humens or nonZexpcrimental animals end will result

in a minimum possible contamination of facilities, equipment, and

frequented or accessitle regions, areas, or places.
1 4

:Tltle to and- possession of ail byoroduct nﬁuerlnls purchased or

acquired from the Ogk Ridse ﬂatloncl.Laboratory, or from eny sourcs
on the authorization or approvel of the Commission, remain sudbject

to the Commission's stetutory right to recell. The Commission may

recall such meterigls if the epplicant (1) frils to observs such
safety stendsrds es are or msy be ostablisﬁed by the Cémmissiqﬁ,
(2) uses the meterials in violation of lew or<rezulations of the
Coﬁmission, or (2) uses the matorials in a memner othsr than as

disclosed in his applicetion thorofor. Titlo %o rny byproduct

’materléﬂs recallod by the -Commission shall vest in the Comm1s31on
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APPENDIX 2 (Continucd)

with ths excrcise of this richt, ond the Commission may enter and
teke possession of said materials eny time aftor notice is givon
thet the materials ara being recalled; providéd, that if requested,
the apolicent, et his expensc, will makc shipment of the recallcd

meterinls to a destination designated by tho Commission.

The cpplicent shell permit tho Commission to meko such inspecctions
of his fecilitics whorein byproduct matsrisls ars stored or uscd

as tha Commission mzy doem necessary, »nd shell meko avrilable to

. the Commission the rscords required to be. kept by thc vrovisions

hercof, .

The rpplicent will kcep rocurste nand completsz records showing the
receipt, usz, storazo, delivery and -disposel of byproduc% matarinls,
the disposal of waste or discard byoroduct matarisls, ond tho
sefoty moasurns used to protcet horlth, Tho eppliernt will rcport
to thc Commission cvsry dolivery or transfer made to any person

(as definod in the Atomic Fnargy Act of.1046), giving tho'namo of
the tranéfcrce, type and emount of byproduct material, and deate

of delivery or transfer.



APPENDIX 3

NUMBER OF RADIOISOTOPE SHIPMENTS AND AMOUNT

OF RADIOACTIVITY SHIPPED BY HALF-YEAR PBRIODS

fu

~ July 1, 1946 to | Jan. 1, 1947 to | July 1, 1947 to | Jan. 1, 1948 to | Total %o
.ISOTOPE Dec. 31, 1946 June 30, 1947 Dec., 31, 1947 June 30, 1948 June 30, 1948
Ship- Ship- Ship- Ship- Ship~ )
. ‘ments Amount | ments Amount | ments Amount | ments Amount | ments Amount

mmvwwm&ma cl4 48 {45 me 41 |84 me 87 210 mc 67 260 me 223 1599 mec [/

) : i /
Separated HHmH 67 2053 mc 206 8243 mc 281 |10945 mc 450 119765 mc | 1004 | 41006 me
Separated P2 35 |1757 me 180 | 8647 me 293" (11464 mc | 361 13978 mc | 869 |35846 me
Separated mmm - - 10 |63 mc 12 1291 me 13 212 mc 36 | 566 mc
Separated Qm@m S -- - - - 4 J0.017 mec - - 4 10.017 mo
Fission - ] . . ..
Products 10 |1112 mc 15 467 me 15 284 me 28 461 mc 68 2324 mc
Irradiated : . .
Units 85 |85 units 243 256 units | 263 |[266 units| 286 {311 units| 877 | 918 units
.Service 1 |1 irra- 4 |4 irra- 18 {18 irra- 33 ]33 irra- 56 56 irra-
Irradiations diation diations diations diations diations

‘Total 246 699 953 1238 3136
’ me = millicurie
.“W¢, ) . ) ;

\.l,/. _ ..‘w - . i

o iR

T

R GERFter i A x & o ucitnamard
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APPENDIX 4

~

DISTRIBUTICN OF ISOTOPES CLiSSIFIED ACCORDING TO DEGREE OF HAZALRD

hS SPECIFIED BY SUBCOMMITTEE OF THE NaTIONAL COMMITTEE

(Period covered:

Isotope
" SLIGHT HAZARD

Naah
L2

K4
Cuéh
o2
ix S
%5
ﬁg197

i

MODERATELY DANGEROUS

127
7129
131
137
lhO
lhO
lhl
iﬁ?
2
?3198
21159

203 205

Te

Bo

Eo
P
s35
136
o

Fe29

60

289
Sr
b2

103
Ru
RulOé

ON RADIATION PROTECTION

June 1, 1947, to July 1, 1948.)

Total Lmount of Isotope Shipped

in Millicuries

Total
Per cent of total
millicuries shipped

Total
Per cent of total

millicuries shipped

L,521
8,710 -
2,800
0
25
2.1

0

0
18,058.1

9.65

(0]

0
61,77h

T

65

80
200

2

1
8,560
10
250

0
76,612
1,227
.05
0
21
690
31.5
1

2

1
159,537.55
89.81
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T _ ‘ (contipued)
) " Total hﬁount-of Isotope Shipped
. ,IsotoEe' ' : in Millicuries
... - VERY DANGEROUS -
' clt : ‘ 1,88
Lo e 177
.. . F355 ’. 208
- 5r90 ' 0]
Yol ' 56
5399 . ' 174
Celu"' 0
o 6]_11"'7 0
" _ Total 897.8
o : "~ Per cent of total
. millicuries shipped 0.54

\

e
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APPENDIX 5-&

QUANTITY OF FOLLOWING ISOTOPES RECEIVED BY LISTED CITIES
WITHIN A PSRIOD FROM JUNE 1, 1947 TO JUNE 1, 1948
Tic) -

_ Isotope - Dallas | New Yoric Boston Chicago | Philadelphia C.lévc;la nd
T 121 1,220 1g,éés 7,129 | 4,330 17,166 1,235
P 32 1,230 ie,lle 20,294 1,356 1,300 1,210
S 35 0 63 20 43 0 0
Ne 24 0 330 720 0 0 400
K 42 0 2,080 4,680 0 o )
Co 80 0 0 &0 0 0 0
C 14 0 37 106 1.5 '.3 2
Sr 89 ) 150 55 3 0 0
Au 198 1,920 20 0 0 0 0
Ag 110 0 0 0 0 0 0
c1 36 0 0" 0 0 0 0
Ca 45 0 .8 11.6 10 0 0
Fe 55, 0 0 6.6 11.4 0 0
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~ APPENDIX 5-B

’ EXAM?LES BASED ON-ACTUAL DISTRIBUTION

Equilibrium quantities of I131 and PSZ in. sewage system at

the following institutions or cities, assumlng thet 21l
meterisl received was disposed of in sewer st the rate of
1/32 of total millicuries each week (period July 1947 to
July 1948):

Amount Complete Disposel

. Received . by Sewsr
Institution in Bouilibrium Value
or City . . Isotope Millicuries in Millicuries

Memorisl Hospital 1131 4,000 129.8
pd2 1,400 . “79.6
Meyo Foundation 1181 2,800 - 89.0
: pé2 1,200 _67.8
" New York City 7181 14, 263 517.0
. . p32 18,116 .. 147.0
Cleveland ¥ 1,35 39.2
pd2 1,210 68.6

: ——— T D s el



AFPENDIX 5-C .

\

~.

EQUILIBRIUM VALUE OF DISPOSED WATERIAL

Assums a diséosal rate of 1 me/week, then: ' S
) .
g | (1) Millicuries( )
!Isotope |+ T% . |Bquilibrium Time' ’i ot Equilibrium‘?
! «f | .
;o is100y | 30,600 y 383,735.3
: z3 : ! :
popé i 143 @ 85.8 4 2.94 |
¥ ” i : ' !
i
risl 8d i 48 d 1.65 !
. 73 12 3 i T 72y 902.9 {
35 . \ '
S 87.1 d 522.6 d 17.96
|
ce®® ; 1804d | 1,080 4 37.1 !
) : i A
) w?®® T a7 g 16.2 4 .556
1 -1 .
PNt 1 14.8 88.8 h 127
I i :
H i \

(1) >ote: Trensient radiosctive equilibrium will be
reached closely in about 6 half-lives of the
deughter. For the purpose of these cslculetions, the
activity is considered s growing in st the rote of
1 mc/weék. Reference MDDC-763, poge 45.

(2) Bquilibrium vslue (Q) = R

< * 7
R = rate materinl is edded/ﬁay

~

S T A= 0.693/T% in days
$



APPENDIX

6

CLASSIFICATION OF ATOMIC ENERGY COMMISSION
- DISTRIBUTED RADIOISOTOPES BY HALF-LIVES+* .

HALF-LIFE < 5 DAYS

Rediation (Mev) o Estimated Quantity
Element Beta ‘ " Germe Per Unit (mec)
Aptimony 122 1.36, 1.9 0.57 50 '
irsenic 76 1.1 1.7, 2.7 0.57, 1.25 25
Arsenic 77 0.8 None 0.70
Bromine 82 .. 0.465 0.547,. 0.787 70
R 1.35
+ Cadmium 115 1.33, 0.6 0.65 20
* Copper &l 0,58 B 100
" 0066 B".
X 1.2 (weak)
Gallium 72 ‘3.1, 0.8 0.8, 2.25 25
" Yola 198 0.97 0.4 80
’ . AN
Gold 199 *1.01 0.45 10
Iridium 194 2,07 0.38, 1.65 Lo
Lénthanum 140 0.9 (20%) 1,63 complex L0
: 1.0 (70%) ~ ) :
2.12 (10%) )
Mercury 197 K, e~ 0.075 95
. ‘ K, e~ 0.13, 0.16
Molybdenum 99- 1.3 0.77, 0.815 Lo
" 0.8
Potassium L2 3.58 (75%)
2.07 (25%) 1.51 (25%), 130
' Praseodymium 12| 2,14 1.9 10
Rhenium 186 1.0 None 75
Ruthenium 97 K, " 0.22, 0.18 10
'jfémarium 153 0.73 0.1, 0.57 16
(weeak)

*411 fission products are not included due to their complexity.

o, ’




APPENDIX 6 (CONT'D)

HALF-LIFE < 5 DAYS

. f

)
] Rédiation (Mev) Estimated Quentity
Element Bete Gamme. Per Unit (me)
Rhodium 105 0.5 ) 0.3 10
Sodium 2l 1.4 1.4, 2.8 20
Tungsten 187 0.6, 1,3 0.086 - 0,94 Lo
. complex
Yttrium 90 2.16 None 100
n
! HALF-LIFE = § - 10 DAYS ,
Bismuth 210 1.17 None 10
Iodine 131 0.6 0.367, 0.08 130
Silver 111 1.0 None 10
BHALF-LIFE = 10 - 15 DAYS
Barium 131 K, e~ 1.2 (weak) 6.0
Phosphorus 32 1.69 None 1500
" Phosphorus 32 1,69 None 350
HAL%LLIFE = 15 - %0 DAYS
Cerium 141 !0.55 0.21 50
Chromium 51 X 0.3%2 50
Osmium 193 0.3%5 Present Lo
Palladium 1C3 K None Undetermined
jRubidium 86 1.60 None 100
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APPENDIX 6 (CONT'D)

¢

HALF-LIFE = 30 - 60 DAYS

Element

Radiation (Mev)

. Estimated Quantity

Bete Gamme Per Unit (mc)
Cadmium 115 © 1.85 0.5 ) 1.,
Hafnium 181 0.8 0.5 50
. Indium 114 I.T.e” 0.19 10
1.95
Iron 59 0.26, 0.146 1.1, 1.3 1.0
+  Mercury 203,205 0.3 0.28 L0
.\ Strontium 89 1.5 None 1.5
HALF-LIFE = 60 - 90 DAYS
Antimony 124 0.53%, 2.25 1.72 i
et .
.;)Iridium 192 0.59 0.2 -~ 0,6 L0
complex )

Scandium L6 0.36 1.12, 0.90 15
CSulfur 35 . | 0.17 None 1.0
Titanium 51 - 0436 1.0 . 1
Tungsten 185 0,7 None 10
“ Zirconium 95 1.0 (2%) 0.73 12

b 0.3% (98%) 0.92
HALF-LIFE = 90 -~ 180 DAYS (& MONTHS)
Selenium 75 K, o~ <0.3 complex 65
0.5 .
Tantalum 182 0.53% 1.13, 1,22 Lo

~

<C1.0 complex

- ey —

e ——— oy f—p = -



LPPENDIX 6 (CONT'D)

HALF-LIFE = 6 MONTES (180 DAYS) -- 2 YEARS

)

i - Radiation (Mev) . Estimated Quantity

Element Beta Gamma . Per Unit (mec)
Calcium L5 A 0.250 None 0.8
Silver 110 0.59 ' 0.66 (Lly%) 35

| 0:50 (L72)

1.40 ( 9%)
Zinc 65 0.l BT 1%) 1.14 . 15
‘XK, " (99%) ’ -

HALP-LTFE = 2 TO 3 YEARS

N Antimony 125 0.8, 0.3 Present 1
. Cesium 13 0.6L5 0.58L, 0.776(95%)| 20
_ 1.35 (5%) .
Thallium 204 - 0.58 None 7
;5 ' . HALF-LIFE = 3 TO 5 YEARS
(61)'1u7 0.223 None .001
(i1linium) : D

HALF-LIFE = 5 TO 10 YEARS

Cobelt 60 ] 0.3 0141, 1.3 20
Europium 154 0.34 (50%) - ‘ ‘1. et al L0
0.82 (50%)

HALF-LIFE = > 10 YEARS

Chlorine 36 ] 0.66 None 0.005

Nickel 59 K, e~ 1

Technetium 99 0.3 ' Yone O.bOOOl
)Carbon 1y 0.154 Hone

Tritium .015, 011~ Hone
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APFENDIX 7

EQUILIBRIUM RETENTION OF ACTIVITY IN MiN

ON THE BASIS OF L.15 ?RGS’GM/D%Y

TN
wn W
Nt e S

S DTTNY T T ey
o ;4.7 A wplle o,

,

hssuming equal distribution.
Dr. Austin Brues!' value.
Known D. 4. R. value.
Calculated D. A. R. .value from Skohl, Nlneral Metebolism.

e - [
o -y

OR 50 MREP/DLY
Minimum
: Permis-
. sible
Parmis- Dilution
Total sible by Stable
oy Content . D. &. R. Permissible _uc/gm of .Element
‘ Element Gms/Man Isotope (1) _ho/men Elemont gm/uc
: ‘ 5 ;
¢ 12,950 il 1 11002 0.08L9 11.78
' c%ﬁ 10 1105y 0.00849 117.8
¢ - 3l 0.0026 38h.6
P 670  p3° 1 1008) " 0,149 6.71
p5e 10 10 0.0149 67.1
2
s 112 s 1 10102 9.017 11
: s35 10’ 101 0.9017 1.10
Ce 1,160 Caltd 1) 678(2) . 0.58, 1.71
cel5  16.6 Lo.8  0.035 28.57
I 0.020 131 L () 86(8) 1300 .00023
: 131 116800 '0.0736-  3.75 .26
Po 1375 Fe2? 1 21.3(8) ), seg 21
Fe?? 10 2.13 . 0.1,868 2.05
Ne 63 = ma 1(b) 12.1(8) 0,190 5.21
. \
K. 150 K2 1) 39.5(8) 0,263 3.80
(1) D. &a. R. for eny tissue, this is the ratio of concentration
of an isotope in that tissue to the average concentration in
‘* - the body (neglecting excretion). Narlnelll - "Dosage Deter-
mination with Redioactive Isotopes." The americen Journal
of Roentgenology end Redium Therepy, Vol. LIX, No. 2, Feb. 1948.
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APPENDIX 8
(continued)

Tt

NIV

Table: A Compérafi%e Summary of Some Tolerance Values. {Continued)
"Explanation of contents of table. - :

The tolerance values in columns 9, 10, 11, 12 and 13 are for

‘continuous exposure. - If the exposure is for a 40-hr. week, multiply
. these values by 4.2. '

éolumn.Q is the tolerance concentration rate, in,;(c/%ec., to

the body organ that will prod@ce & tolerance rate of exposure after

365 days of consumption.

It should be noted that the values given in column 6 depend on
the chemicel form and in the case of inhalation they depend upon the
size of the particles. Until the most likely forms of these elements
in a given laboratory are known, it is difficult to assign typicel
Yalues of tolerence concentration in columns 10, 11, 12 and 13,

Values in column 9 can be obteined by'dividing values in column 8
by the seconds in a year.

Column 8 is the s c. in the lung, -bone, lkidney, or blood required
ta irradiete the organ with 3,65 roentgens of <« or 36.5 roentgens of
Zv in a year. It is the s«rc. in the thyroid raquired to irradiste it
with 365 roentgens of 2 in & year :

*The Sr-Y sctivity reéches a meximum after 15 days. The 88 e,
is required to produce tolerance exposure rate soon after Sr reaches
the bone. Only 2041c. is required to produce tolersnce exposure rats

on the 15th day. The 34 yac. produces an average yearly tolerance

dose.

', **It is assumed that the fraction reaching the skin b& way of the.
gut is 0.05 and by way.of the lungs in 0.1 in the case of S35, Ppor-

' Catd it ig assumed that 0.15 reaches the bone by way of the gut and 0.4

by woy of the lung. ' ) ,
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* APPENDIX: 9

EXAMPLE OF DATA ON CITY SEWAGE.

. Report on the ‘Pollution of lennessee River in and
Near Knoxville and Sewage Treatment for Knoxville

Chemical analysis of city'water based on 6 months everage for 1945

pH Te6 pepem - Carbonate Alkalinity- 0 pepem.
Si0o 5.0 - " - Total Alkalinity 70.0 " ¢
Fe 0.02° " _ SQ), 3.0 "
1503 0.85 - " , eh.0 "
Ca " hLo.o.- " Dissolved Solids 180.0. "

0 - " Soap Hardness - 120.0 "

bg 5

Weste from Tennessee Packing Company:
Ammuel average waste of 2,0, 000 would contain 3,200 pounds
of suspended solids end 2,560 pounds of B.0.D.* per day.

In 194 Per Capite .
Industrial Use Domestic Use - Populaetion 160,000
38 gallons L9 gallons . :

Water pumped per cepite for Knoxville = 88 gallqné per 2l hours

The total load of suspended sollds ‘and 5-day B.0.D.* in the raw sewage
for 1945 is estimated to be as follows:
Pounds per 2l hours suspended
Year . : solids 5-day B.0.D.

1945 . . L2,000 19,500

Average sanitary sewage flow is 2.7 million gollons per déy.

There ere 32 sanitary sewer outlebs into the river at Knoxville.

*Biological Oxygen Demand



APPENDIX 10 ,

RADIOISOTOPE ADULTERATION
. - .. ' ELEMENT DILUTION WHICH WILL ACHIEVE ADULTERATION
: TO 4.15 ERGS/GM/DAY IN THE ADULTERANT
Is’o-n. 4 Total 4 Kilo- Liters Liters Liters Liter Lit~ .
topé, Absorb- grams of - of of of of S e;s ) lezrs
o g,‘ab}e Adulter- E}ement Element Water Water of Barth
. Energy per. ant per Time = 0 Time = Time =g Time= Eerth'. Tipe ==
.o, Disintegra-- me of - 30 days . 30 deys.Timez 30 days
v oL tion Isotope - : . 0
clé 15,08x1072 - g2 17.6 17.6 62 61,9 11.2 11
p32 558 680 309 72.5- 680 -  159.5 123 28.9
‘1131, 645 787 159.3 11.8 787 58.5 142.5 10.6
F o : ;
’ HS | 4,95x10"3 6 66.8 66.5 6 5.97 1.1 1.09
835  5,61x10-2 68 34 26.8 .68 53.49 12.4 9.75
Catd 083 101 65.7 -+ 58 101 89.6 18 16.2"

——

o~ ./9
‘Note:~ ~4.15 ergs/ém of.tissue,is considered ,a safe permissible daily dese.

A}
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APPENDIX 11 \

EXCERPT ON.DISPOSAL OF RADIOACTIVE MATERIALS

from

Dr. J. J. Nickson, Director, Medical Division,
Argonne Natiorsl Laborstory, .

to
.. Philip S. Owen, M.D., Netional Research Council,
concerning

"Protection Ageinst Rsdiation Hazards"

Disposal of Weste Radioactive Materials

Wastes which cortoin less than 0.1 mc/iiten»in a clenr slksline
solution sre classified os radioactive wastes which may be discarded
into the usual city sewer system. Acid solutions should not te dis-
carded in this fashion tecsuse of the denger of precipitation of the
radioactive materiel when the activity comes in contect with the
organic moterial in the sewer. Animsl carcasses and excrets are hare
discarded by collection and storsge in s suitsble moritored guarded
eres. Should incineretion be considered cs & menns of disposgel of
orgenic westes containing rodiosctive moterials it is obvious that
monitoring of the content of sctivity in the air should be done =t
all timss. ‘ : .

Perhaps a brief description of our wosts dispossl system here might
be in order. ¥e have set up a system whereby 211 materisl contaminoted
with radiosctive meterisl is placed in epeciol containers which are to
be used only for such msteriasls. At least ons contsiner is present in
every room in which radioasctive msterisl is hardled in the laboretory.
In sddition suitoble contsiners (usuelly steinlass stael) for solutions
containing rodioactive materinls in excess of the O.1 mc/liter figure
givan sbove are placed in several of the lsborstories in esch building
so that the solutions which are not to te dumped down the sink can fird
2 suitatle resting place. Both the dry active waste contsiners and
the liquid sctive woste conmtainers sre collected 2t intervals dictsted
by their use; the msteriel trsnsferred %o large contziners sre tsken
t6 o gusrded nonitored osree and there held. !

t is recognized that such s system is expensive. However, we do
not feel justified in sllowing dry active wastes or liquid nctive wastes
to enter the rnormal channel of waste disposal if ws can humanly ovoid it.
Even with this system it hes been necessary to routinely monitor o1l
ordinery dry active wostes leaving the project teczuse, on occasion,
through error or through irdifference, dry westes contominsted with razdio-
active moterials ere placed in the non-active weste contsiners.

t cannot be too strongly recommended that all these wastes should
be pleced in o holding ares under the control of the institution in

\
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APPENDIX 11 (Continued) - ‘

,;qﬁestipn. It is desirable thet the holding conteiners be of such s
nature that they cen be resdily trarsported without over-exposure to

the personnel involved. It is hoped that the notionsl pdlicy will be
decided within en intervel which will Pot nscessitate too large local

holding oreas.

It is my feeling thet ony local decisions by any given institution
to meke definitive disposal of radiocactive wastes should te discoureged.

- Although'we do not ordinarily consider it so, the ses is a finite body.

Should ell countries decide to use the ocesn as & dumping ground for
radiosctive materials, it is possible to foresee a condition in not too -

» many gensrstions in which plant and enimal 1life within the ocean (which

are copsble of concentrating meny fold the activity present in the
water) would contain.s redistion level which on a long term basis =would be

"harmful to humsns.

e ey g e
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APPENDIX 12

EXCERPT CN DISPOSAL OF RADIOACTIVE MATERIALS

from the

Argonne Notional Laboratory menual,
"Rediation Hazard Control"

1. Conteminated Dry Obtjects

1.1 Dry Active Woste Cans. Contaminsted dry objects such as
glasswareo, used kleenex, ond contominoted apparatus should be placed in
the Dry Active Waste Cans for dispossl by the Safety Section., The Health
Physics group should -bs contscted before attempting to dispose of any
appreciable sctivity in this monner.

Fhen alphe active material in 2n smount grester than microgram
levels is placed in a Dry Active Waste Can, the scientist is responsibls
for notificetion of the Henlth Physics Division. This is importent becsuss
it is very difficult or even impossible for the surveyor to tell how much
slpho ectivity may be present in the Dry Active Waste Can.

Under no circumstances should nctive solutions be placed in these
cans., .

1.2 MNaterisl which connot ts pleced in the Dry Active “Weste
Cens. Articles which are too large to be placed in these cens, such ss:
ring stends, tripods, piecss of mesonite, tvsnsite, plaster bosrds, pipes,.
etc., should be checked by Health Physics, lsbelled, snd srrangement for
their disposal by the Safety Segtion made through the Health Physics
Division. )

2. Active Solutions.

Active solutions should bte retaeined for disposal ty the Safety

-Section. Such solutions should be placed in tottles-smell enoush ko be

ensily handled (if possible, the size shovld be kept below 2 1/2 liters),
and in the case of betes-gommo active materials to prevent esxcessive
sxposure to those removing the meterial. The Health Physics group will
make ths necessery srrargements for their disposal. 411 bottles should
be carefully end completely labelled befors teing removed from the

laboratory.

/
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LFPEKDIX 13

>

" EXCERPT ON DISPOSAL OF RADIOACTIVE MATERTAL - -

’

N - from
: )

. "Safe Hondling of Radibisotopes"

(Provisionsl. Draft .of o Report Prepared for the -
. National Committee on Radiation Protection)
' ; ’ ‘ .

’

S . Disposal of Contominated Wastes

-~ ’

- (1) .ubsorbent ﬁapers} wipes, etc.

Waterproof dispesable containers to'hold_tho discarded
absorbent bench paper and wiping popers should be pro-
vided ot each laboratory stetion. Regular collections
of these disposal vessels from the laboratory should be
made. The eventual disposal of such items is conditioned '’
by the half-life and toxicity lovel of the isotopes
invelved. With short half-lives, retention of the
meteriols in o controlled ared, until thHeir residual
- activity is insignificont, is o preferred method. With
long-lived isotopes, the laboratory menogement is com-
v . mitted to o prevention of ‘conteminotion of thé public
o domain. The association of groups of laboratories to
- provide & single controlled and economical disposal
- aree may be feasible. :
: !
(2) Active solutions '
. . e .
The ‘disposal of active solutions to the public. sewers
can only be considercd sofe when the possible subsequent
chemical, physical, and biological concentrotions will
still leave the moterial ut safe concentrations. Dis-
posal to o water system should include consideration of
the accunwlation of activity iu scil or mud, and in
6lgac ond similar orgenisms. Concentration of the
order of 100,000 fold mty occur, Whenever possible, the
principal activity in the waste sclution should be pre-
cipitoted, and discarded as active solid noterial.,

Urine from isotopo-injected animels or patients, and
- liquors from equipment or clothing decontamination,
-may require ottedtion as active solutions.

(3) Tools

Tools and other miscellancdus equipment used in hendling
. long-lived isotopos should be regerded as contominsted
ond should not be released for other work’ until proven

1

otherwisc. .




APPENDIX 14

EXCERPTS ON DISPOSAL OF PADIOACTIVE MATERIALS*

N

from

Isotopes Branch Circular B-1,
"General Rules and Procedures Concerning Radioactive Hazards"

1. Storsge and harndling of plutonium or similar hazardous substances

g. Quantities of plutonium greater than 1 microgram shall be
securely covered during storags and kept in a hood equippsd with
doors, or in other spaces specifically accepted by the Health
Division Director, cr his representative, as suiteble under the
given circumstances. (Such ss shelves constructed in an out-
pocketing from existing hoods or separate boxes equipped vwith
doors and vented to a proper exhaust.)

b. All transfer of materials between hoods and storage devices must
te 'done in such a menner ss to avoid the possitility of spillage
or- bresksge. Doutle contsiners to eliminete contamination and
btreskoge danger should be used.

¢. Any work with mesterials susceptible to atmospheric distribution

of plutonium** (thet is, dusting, spillsge, vaporizing, effervescence

of solution, etc.) shall be dons in en "adequate hood."

2. Dispossl of meterials contaminzted with plutoniuﬁ or similar hazardous
substances. All discardsd mptsrial which hes been liable to plutonium
comtemination is to te bturied. Distinctive cans are to te provided,
snd these handled with proper discretion. If a dust hazerd is
involved, a» Health-Physics representative shell sccompsny the can
when it is tsken™to be buried to see thet respirastors and protective
clothing ere used when needed. In rooms where large (1 to 2 microgram)
smounts of plutonium ere hendlzd, » small red-closed can should te
Provided with a paver lining tc receive wsste of known contamination,
so that the closed paper lining may afford some measure of protection
against spread ot the time of dispossl.

2. Disposal of pctive trash, unwanted active msterisls or equipment

8. Two trash cans painted entirely red (toth top and con) sre to be
prcvided at each desired location for iresh which is contemineted.

*From AEC Reguletion Safety No. 3, "Stondard Safety Requirements"
**This rule apprlies to other radioisotopes which present s similar health
hazerd. (1 microgram operoximstely 1/16 microcuris)



APPENDIX 14 (Continued)

<

b. Only one of these two .cans should te used ot a time end the one
in use should be tagged by Supervision of the Ares - "Use This
Cen."

¢. It shall be the responsibility of supervision to see that these
cens are moritored at sufficiently frequent intervals to prevent
detive materials from accumulatlng to such an extent that radia-
tion levels of greater then 12.5 mr/hr occur.

- 4. Once e .can has been lobeled "Driver, O.K. to Pick Up," no more
contaminated trosh shell te put in thst can. When the cen has
been emptied-and returned, Maintensnce should remove the teg
so thot it mey bte held in reserve while the second cen is in uss.

4. Burying ground - All contaminated mzteriel end equipment that is to be
discarded shall be thrown orly in the trenches prqyided for that
purpose.

a. Sufficient esrth must cover sctive moterisls in a trench to keep
the level of radiation a2t the top of the trench bclow 12.5 mr/hr.

’ (1) Keep sufficient esrth over trash to prevent trash from
being blown or flosted outside the trench.

(2) Keep anAadequate record of all equipment‘taken to the burisl .
ground for burial or for storege.

1

b, The burisl ground will be periodically surveyed.
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. APPERDIX 15

. EKCERPTS ON DISPOSAL OF RADIOACTIVE MATERTALS

from

Atomic Erergy Project,
University of California at Los Angeles,
"Health Physics Regulations"

by Stefford L. Warren, M.D., Project Director '

DISPOSAL O RADIDACTIVY WASTES AMD CONTAMINATED NATERIALS :

The disposal of radioactive wastes must be carefully regulsted
so that the permanent or long-time high contsminstion of areas or disposal
svstems outside the'control of this project or at the project does not
occur. ) ’ .

I. Radioective Wastes: ,

a. -In all lsborstories where radiosctive materials are
handled no sclutions are ever discarded irnto & sink or
sewer unless the lack of activity or the spproximate
activity of the solution is known to be within the

kg safe limit for dispossl. (See I bt 2 below for safe

¢ limit.)

b. Usuelly the activity of a sqlution which has bteen used
or involved in an experiment is known, thus wher ths dis-
posel of one of these solutions is desired it will depend
upon the nsture of ths.active solution as to which method
of disposal %o follow: '
1. If the solution is highly sctive, then transfer to

the "Solution Contsiners for Sea Burial."

™

If the solution is of low or medium ectivity thsn, if
practical, prscipitate the activity oyt of the solution
and the clesr, slkeline solution of less than 1 micro-
curie per liter ond not in c¢zcess of 10 liters vesr day
may te discdrded down the sewecr with proper flushing.

2. Activs solids precipitnted out of +the sctivs solutions
or other active solid wsstes shsll be placed in the
"Solid *faste Contsiner for Secs Burisl." ’

II. Contemineted Materials:

a. Contsminsted items of clothing or protective devices will
be placed in large clesn peper tags and turned into the
Health Physics Section for dispossl. The phper tag should
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APPENDIX 15 (Continued)

te labeled w1th the nature of contents, degree of contaminstion

(low, medium or hlgh) date and name of person turning the
item in.

-

Contaminated glass or other discerded equipment, contaminated
with long-lived activity, which are 1mpract1cable to

* decontominate shall te placed in special contsiner marked

"Contamirﬁted Glass and Other Waste for Ses Burisl."

Anlmal carcasses and orgenic materlals containing short
half-lived (one month or le<s) active materials may be
disposed of by incineration, provided the total act1v1tJ
does not exceed 0.1 mc. per incinerstion.

The disposal of enimal csrcesses =2nd orgesnic materisls

containing active materisls of half-lives of longer thon
one month will be accomplished by placing these materials
in the special contairsrs thst sre lsbeled ("Cortaminoted

“Animal Wastes for Ses Burial'),

B .-
PO AP S0 AR AN vwaseral s s ERTERIND.

All lsboretories where sctive meterisls are hordled will
have & specisl weste csn cortaining paper tag liring 2nd
painted completely red for conteminated paper coverings,
wipes and tissues. Although these red cens will b=z
marked "Radioactive Waste Only," laboratory personnel
should be reminded bty their supervisor of the sbove
regulstions on ths disposal of the various cortemineted
items and these cens reserved for contarlnnted papers,
etc., only.
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APPENDIX 16

REMARKS FORWARDED BY DR. EDITH E. QUIKBY

In petients receiving radioiodine therapy, unless it is desired to
keep a record of excretions, it seems desirable not to preserve the urine
at ell, but to have it flushed eway as voided. However, if it is desired
to determine the total volume and measure e small part, it is usually
possible to obtein the petient's own essistance in hendling the material
during the measurement, end aftgrward disposing of it. Here, of course,
we come directly into collision with the various formulated rules concern-
ing flusheble waste, and I went to consider the situstion in some deteil,
as it has been studied by the group of New York hospital physicists com-

. cerned with this problem.

Genercl recommendations have been of the order of not more than
100 .uc per flush, and not more then 5 me per week down any particular
drain. On the other heand, the Provisionsl Draft of the Report for the
Netionel Committee on Rediation Protection on Safe Handling of Rcdio-
isotopes sets & permissible level for water contamination as 0.1 _uc per
liter. According to information received from Mt. Sinai end Presbyterian
Hospitels, a lerge hospital flushes into the sewcge system ebout 1800
liters per doy per person; thus for o 300 bed hospital, essuming two
people per bed, - one patient and one employse, - this would be: about &
million liters. One hundred millicurics dispersed in this amount of
weter is 0.5.uc/liter. _On this basis each hospital of this size could
flush away 100 mc of 1151 weekly without bringing the sum total of sewage
contemination from its own dreins ebove the permitted level. And evi-
dently such hospitsls represent & very smell part of the totel sewnge
water.

Of course questions immediately crise as to the rate of removal of
the meterial from the individuel drain to the general sewnge system; how
ropidly it gets diluted to this level, and whether it may be caught in
traps or intercet with meterial of the pipes to form en'insoluble compound.
The ordinery toilet uses about 10 liters per flush, and in a bathroom
-used by a number of petients would be flushed several times per hour.

Thus the materiel would be quite repidly pushed along into main sewers end
into the genernl system. It is very unlikely that any stoppege or ac- -
cumulation in treps would occur. In institutions where this type of -
disposal has been practiced, monitoring of the sewage lines hes not shown
eppreciable activity. In one reported instance, following & large dis-
posal, the background near a trop was appreciably raised for o time, but
not to anything like tolercnce level. In selecting dreins for the disposal
of such active material, precautions should be taoken to assure thet they
do not run in the vicinity of eny room wherc any Geiger-counting epperatus
mey be used. Where possible, a dircct outlet to the main sewer is.highly
desircble. In s large hospital, -where bathrcoms are usually loceted in

a tier, it is not likely that 2 bathroom drasin will pess through or ncer

& roon in which mecsurcuents are being mede.
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. ' (cohtinﬁéd)_

If this type of disposal is practiced, it should elways be borne
in mind, however, thet if any plumbing repairs are necessary in o sewage
line contcining possible conmtamination, traps or joints should be.
"~ monitored upon opening, and so should waste removed from them, or water
. discharged et the time of the opening. This necessitates an understonding
on the part of hospital personnel thet thd laboratory should be notificd

in the case of such repairs.

In the motter of disposal of radiocctive wastes, it is the community
at lorge that must be considered. No user of isotopes cen consider his -
disposal problems as though he were the only one in the cormunity working
with them. Disposal measures odopted by enyegroup at the present time in
the light of its own uses end the krown situstion in the community, must
be reviewed ot frequent intervals.

-~
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APPENDIX 17

REMARKS FORWARDED BY DR. ALBERT H. HOLLAND, JR.

Submltted herewith are a few tentaetive proposals for the off-project dis-
posal of isotopes. .

It is not unreasonable to expect isotope users to retain short<lived
isotopes, say, those with a half-life of thirty days or less, until the
activity decreases to a safe level for disposels in city sewage systems.

‘Therefore, in effect, we are concerned with the disposal of long-lived

isotopes. This con be accomplished in the following ways:

c. Calculated dilution and controlled dlsposal into city sewage
systems.

b. Burial in controlled university or institutional burial grounds.

" This, in my opirion, is not a sofe procedure, at lecst for the
present. We are currently studying some of the agricultural and
geologicel problems associeted with this procedure. Perheps in o
matter of six months to a year we will be able to drew valid con-
clusions concerning the adviscbility of this procedurc.

c. Disposal at sea. This probably is a Sutle&C tory interim procedure
for those institutions located neer the oceans, but in the flpal
oenelysis does not constitute a fool-proof approoch,

d. Concentration and return of long-lived materials to,the regioncl
laboratories of the Atomic Energy Commission.. I do not believe we
are particulerly interested in operating a garbage disposal system.

" However, procedures could be worked out requiring the packaging of
such meterial in disposeble containers which would requirc a minimum
of handling on our part. Pending the development of sotisfactory
information concerning locel burial, -this method of disposal appears
to me to be the only one which we could publicly support and
recommend. . . '
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' REMARKS FORWARDED BY DR, HYMER L. FRIEDELL

Disposal of moterial by off-Commission users should be the responsi-

‘bility .of these users with guidance only from the Atomic Energy

Commission.

' The individuals who are responsible for the disposcl must have o

clear understending of the problem. This provides a greater safe-
guerd than specific rules and regulations formulated by oan outside
agency. L

If unusual meens of disﬁosal are required by off-Commission users,
the whole project should be carefully studied at its inception -

in other words, at the time that the allocation of the isotopes is

made. . )

Emphasis should be piaced on simple procedures such as dilution or

~addition of non-readioactive elements in rendering the meteriels

non-toxic.
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RTEMARKS FORWAﬁbED BY DR. ROBLEY D. E&ANS

The exemption clause in the I.C.C.'regulations for the’
transportation of radioactive materials was formulated out
of the joint and unanimous suggestions of representatives of
the ABC, hospitals, universities, film industries, etc.

The U.S. Post Office has elready indicated its intention of
using the I.C.C. exemption clause as its definition of the
maximum amount of radiosctive materisl which mey be put in

e single package and will te regarded as having such a small
activity as to be entirely nonhaszardous, and therefore not
subject to postal regulations of any type.

I% occurs to me that in considering the disposal
protlem we will be obliged to specify what quantitiss of
radioactive meterisls are exemot from the regulations. -The
nunmerical specification of such an exemption clause is always
an grbitrary matter, tut our protlem mey be considersbly
simplified if the committees involved would use the I1I.C.C.
exemption clause. In this way an ideal measure of unifromity
would be achieved.
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5 f?' { .. fated, are found in Apperdix 1.

v

- - : . , r « e B . .
[N = + " ' + - . \

11, Scone of Discussion:

. S LA, The dlecus51on should pertain specifically to the disposal of

radiocactive waste materials of the tvnes and quantities involved

T 2 2 in off-Proj ecc utilizations.

B, The discussion”should not now emgha31ze the lonz-rangs problem,

e ' - involving a total amount of distributed radioactive material
'J}l‘ : which might be orders of maznitude larger than that’ deliversd

.on procedures»whlch will serve safely for the next year or two
durlna which the types of isotopes distribut=d will not changze’
s1gn1flcantly and the total distributed quantities will most

mediate goal: should be interim recommendaclons to 'zuide off-

borlence ves . .

"l_ K b . L. R ce )
g . ;:waste disposal within the Commission regarding mcans of dis-
U . - posal appropriata and practicable for off-Commission users of
’ ‘ Commission supplied radioisotopes,

.~ B, To discuss the relative responsibilitices of the Commi ssion and
the off-Commission users in the latter's disposal problems.

_ﬂ‘“' .o C. To formulate quentitative criteria for disposal of certain
C ' classes cf distributed radioisotopes which will guide off~.
Commission users in selecting specific disposal m?thods.

-1 -
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v 5 durlna the past 12 months, It is more desired now to concentrate

» likely be much- less than an order.of magnitude larger The im- -

COﬂmISo’On users now, ‘'These can be supplemented or'modified in-.
" a year or two as alctated by'nrogram expansion and dlsposal ex-

N B A.liTo attempt to derive agreement among authorities on radioactive

2

' '.‘_LAnnouncement of need for the meeting and names of‘persohs invited,
Tl tc&ether with names of institutions with wbich they are affil- .
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To recommond the naturc and extent of laboratory and ficld
research which may be necessary to establish the aforemon-
tioned gquantitative criteria,

To forrmlate conditicns for return of certain kinds of radio-
active wastes to Commission facilities,

Statcrient of the Problem:

A,

With the increased demand for the distribution of radicactive
matoerials throush Commission facilities, it is becoming in-
creasingly apparent that an interim policy for the handling of
radicactive waste materials shonld be addpted ponding develop-
nent of a long-range pelicy, Since recipients of radioisotcpes
agrec to dispose of radioactive wastes in a safe mannor (sce
App. 2), the Commission is obligated to define more specifically
disposal vrecedures which under present knowledge and conditions
may be considerod safe,

During the period from July 1, 1647, to July 1, 104g, 2191 ship-
ments of.radioisctopes werc made from Commission facilities to
off-Project users. (Soc App. 3.) This number is more than
double the number of shipments made in the preceding year, DNote
however that only 0.539 percont of all the activity falls into
Groeup I1I1, classified as vcry hagzardous by Subcommitt~e Mo, 6

of the National Committce on Radiaticn Protoction. (Sce Avo lU.)
O0f these, C 14 accounts for 0.0029 percent of tko teotal actLV1ty'.
shivpped, .

In determining the nature and scopc of a wastc disposal vrogram,
account rust be taken of the geographic location of the insti-
tution receiving isotopes and the quantities used., (Scc App.
5~A and 5-B.) ’

It is pertinent to note that an appreciable expansion in the
radioisotope distribution program is expected to take place
during the next year primarily because of an increasec in trained
persennel, It is probable that this will include a considera-
ble sxpansion in the flel‘ of industrial recscarch and develop-
ment, Many of the cominz uses may require higher levels of
activity and therefcre accentuate the dispesal problam, Also to
be neted is the possidbility, dboth on the part of industrial and
medical investigators, of substituting Cobalt 60 for Radium and
X-Rays, as an external source of radiation. However, the total
yearly distributed quantity is not expected to reack an crder

of magnitude larger for scveral years or more.
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A,

B,

Goneral Consideratinns-in‘Evélﬁating Disnesal Problom:

The muclear and biological properties of the radioisctornes must
~be_given primary consideration (See Anp. 6, 7, and 8&.)

\ .
Cons1derat10n ‘mast also be given to specific. chemical and vhys-
1ca1 properties of the ‘cormound ceontaining the isotope.

Ihe aim shculd be to recommend procedurcs which are Uractlcal

‘both fron the 001nt of view of the Commissicn and the user.

1, Dispesal procedures recommended by the Commission should be
sufficiently feasible, both in thé¢ time and money involved,
to induce faithful practice by off-Commission users, whilo
maintaining adequately safe practices.

1

2. Disrosal procedures should not result in sericus sumpression
of valua®le rescarches and applicaticn of radioisotores, un-
less absolutely necessary in the interests of general public
health, - ‘ :

3. Commigsion facilities should become invelved in radicaciive
"garbage" collectin ornly wherein absclutely necessary. Ar-
rangerents should not substantially increase the burden on
801ont1flc and technical mersonnel of Commission 1aoora—
torles

. VI, = Sugzested Procedurcs for Onnsideration:

A,

TN S T O TP AN PR ST e VYU T LT Y TR v G TS e e gane ¢ YIS AT T Y e ep sy s Swmenw Tl Sreserm SR s TR TCY 2 Tweeeeggeepmemy s 1 S

Radioisotbpes having half-lives of less than 30 days may be [um f'
ats] § ™

disnosed of in the sewer, provided the daily volume of water

flowing through the particular outlet@sed is sufficient to zkfI”A*G*M

dilute the radioisotone to 0.1 microcuries per litor,or to safo
limits of concentration as set for that marticular isotope.
This ﬁractice should be contingent on certain vrovisions such as:

1, The maxirum activity disvosed of in any cne instltutlon will
not exceed 100 mc, per week. (See Apn. 9 and 10.)

2. Regular radiation surveys of the wlumbing fixtures,

3. Anvwropriate surveys before repairing the plumbing between
+  the disposal outlet and the main sewor.

Radioisotepes of any half-life may be buried in the earth, wro- 7
vided that they arc wniformly diluted with stable isotonas of

the samo element to the extent that 4,15 cras (equivalent to 50 )
mr/day in tissue) is dlss1vated ver gram of element ner day,

(Seec Ann, 10), provided:

. =3
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1., The buria 1 is made only in suitably sclected areas wkich
arc in posscssion of and will be maintained by the user,
Thesz areas should be pronerly marked and cnclosed with
suitable fencing, In case of vossible release into tho
soil, a thorough geological investization should be made
of the arca solected for burial purmoses, and analyses-should
be provided of tho.soil, so that the fate of the material ’
can bo detcrmlned to be a safc diluticn,

2. The material must be buried at a minimum depth of 5 feet,

Radioactive materials may be buried when pronerly enclosed in
a container sufficiently well constructed to retain the isotowe
for a wneriod of five yocars, provided

1. For materials having half-lives of <2 ycars, the radio-.
isotome is adultcrated, mrior to enclosure, with sufficient
quantities of concrete or stable isoto=es of the same ele-
nent to roduce the dissination of energy from the remainiag
activity at the end of 5 years to 4,15 crgs ner gram of
adulterant, The dosage rate 2t tho-surface of the contain-
er shall not cxceed 6.25 mr/hr.

2. For materials having half-lives of »2 years, "the radioisctove
shall be adulterated, nrior {0 enclecsure, with sufficicent
quantitics of concrotc or siable 1eotove to reduce the dis-
sipation of energy to thc extent of y 19 erss. per gram of
adulterant per day.

3. The hurial is made in ceompliance with "BY"-1, abcve,
i

Matorials mey bo buried at sea whon enclosed under conditions
stated in "C" above and buried beyond the threc-mile limit.

Materials containing radioisotomes may be incinerated if the’

calculations of safe permissible concentration in cxhaust air

and in disvosced ashes are based on krown values. In the ab-

sonce of specific inforration, the following assusmbions should

be made: .

1. For tho air calculation, that all the active material
gscapos in the air, :

2. Tor the handling of the ashes, that all the activity is
retained in the ashes. The ashes and/er effluent residuc

“arc then disnosed of in accordance with Sections "B" and
et
Vo



N ~

. *>‘f1: VI; Roconmendatlons and advice on 815ﬂosa1 of radloactlve natorlals
: %7 now given: off—Comm1ss1on users: o

/ PR B 1

- ) A, Excernts from c1rcu1atcd information on dlS“OSul of radioactive
AT _materlals as recommended by Commission' sroups, are apmended.

~ ]

1. Argonne Natlonal-Laboratory; (See.Aﬁp. 12.) -
. o) .

I

r

2. National Committes® on Radiation Protection, (Soe Ann 13 )

°3, isotOpcs Division Circular B—l.‘ (Seo App. lh .)

~

. KR, Z, Morgan paper, "”olerancc Concentrations of Radicactive

S ‘Substances," published in Thé Journal of Fhysical and Col-
. . T 1oid Chemistry, Vol.-51, N6, 4, July 1947.- (For Comparative
e L Summary of . tolerance valucs, see Avpendix 8 )

~—r"

B, Aévispry Pield Service Branch of Isotopes Divisien:
The nolicy has been to discuss the goneral problems associated
with disnosal of radioactive raterials and to reocormernd rethods
Dort1n°nt to the disvosal of thewarticular isotome in question,
;o The final decision as to the method has, however, been left to
’ the isotone user. :

c. gxcnrnts from information on dlsnosal c1rcu1atcd by otﬁer
Zrouns,

1. Atomic Enorgv'Prog~ct Urlvcr31ty of Califernia,
" Los Ang elo (Sce Apn. 15 )

- 2, Corresnondence fron Dr, J J, Hicksen, Argonne National
- Laboratory, to Dr. Philip S, Owon, National Research
: ’ o Council. ' (Seec 4vp. 11,)

14

' " VIII, Rermarks preparcd for Meetine by Porsons Attending:

A, Dr. Albert E, Holland, Jr. , Hedical Advisor, ORDO. (See Aop,
16.) ) . .

B. Dr. Edith H, Quimbﬁr, Presbyterian Hospital, Columbia
University. (Sce Apw. 17.)

C. Dr. Hymer L. Fricdell, Director, Division of Hoalth Thysics,
Argonne Natinonal Laboratory.. (See Anp, 18.)
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APPENDIX 1

Oak Ridge, Tennessee
August 13, 1948

»

Subject: MEETING TO DISCUSS DISPOSAL OF RADIOACTIVE WASTES BY
OFF-COMMISSION USERS OF ISOILOPES

v

Dear .

As you sre well aware, the increased use of radioisotopes dis-
tributed by the Commission, presents a growing problem with
respect to the proper disposal of radioactive wastes by those
outside Commission facilitiese '

The Isotopes Division hes brought the protlem %o the attention
of the General Menager, and arrangements have been made for the
Washington Division of Biology and Medicine and the Oak Ridge
Isotopes Division to work together in arranging a meeting to
discuss off-Commission disposal methods. If possible the meet-
ing should arrive.at recommendations for suitebple means of dis~
posal %o be used by off-Commission users of radioisotopes.

" hocordingly, a meeting has now been arranged on this subject for

10:30 aeme, Monday, September 20, in the conference room, AEC
Headquarters, Washington, D.C. Xnowing that you are one of those
directly concerned with this subject, you are cordially invited '
to attend. -

This first meeting will largely be confined to persons comected
with the AEC or its contractors, for one of the aspects to be dis-
cussed is & system under which certain types of waste might be
returned to Commission facilities for disposal. A few persons
who are «concerned with the use of large quantities of radioiso-
topes cubside Commission facilities are being invited %o present
the viewpoint of off-Commission userss

Tt is realized that the Wetional Comnitiee on Radiation Protection
is orgenizing a subcornmittee to be ccncerned with decontamination
and disposal of radioactive wastess It is not our intention to
duplicate the functions of this subcommittee, but rather to pre-
pare the wey by attempting to derive a certain degree of agreement
within the Commission on means of disposal appropriate for ofi-
Commission users!y also on conditions for the return of certain
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racdiog ctlve wastes to Commlss on faCllltIOSe THo Watlona

. - Cormittec on Radiation Protection will have the more gereral
problem to derive rccommendations for disposal of all radio-
active materials, inc’uding natural radioactive materinls,
ond radioactive materials produced by nuclecar bowbardmont

dovicess

A list of the persons boing invited is appended.

The isot&fes Division is’ preparing an agenda ﬁhich it hopes tb

send out in advence of the meetinge We would appreciatc very

e much your sending us ony pertinent papers or correspondence
which you may heve written on this subjecte. Wo would also liko
to roceive in advahce a brief outline of your thoughts and

-recommendations- on

rcans of disposal by off-Commission usersa

The mectlng will accomplish much more if each of those gttonding
has propared comments end rocommendations in adwance, especially
if these are sent to us in suff1c1cnt timo for reproduction and

circulatione

First, pleacse inform me as soon as possible of your intcntion

to attond the mecting.

Sccond, ploase scnd me, by September 7,

tz}- any comments or material which will be pertinent to faciliteate
action at the meoctinge

- With best porsonal regerds,

/ ) Fncl.:
Appendix-list

AP e R A o % e A e e s s v |

Ny m mwem qearF e b S ——

Very truly yours,

Paul C. Acbersold, Chief
Isotopes Division
Oak Ridge Opcrotions




FRO::

L.
2.
Se

FROZI
1.
Ze
3o
%.
Se
6.
7
8.

- 9

Appendix 1 (Cont.)
LIST OrF PERSONS INVITED 70 ATTSED COMMISSIN MIELING ON

. DISPC3AL OF RADICACTIVE /ASTES BY CFF~-CO:TMISSION USERS

OF ISCTOP=S

THE [EC ST4FF:

Dr. A.H. Hollond, Jr., Medical &dvisor, ORDO
Dr. Bernard Wolfe, Medical Advisor, NYDO

Mr. Carl Bracstrup, Consultant, NYDO

ASC CONTRACTORS:

Dr,. Korl Z. Morgen, Director, Health Physics Division, Ouk Ridgo
Hational Leboratory,; Cerbide and Carbon Chemicals Corporation,
Ozk Ridge

Dr. HoM., Porker, Director, Health Physics Division, General
glectric Company, Honford, Woshingbton

Dr. Leslie Nims, Director, Division of Biology, Brookhaven
Notional Leboratory, Upton, Fow York

Dr. S. Pe Cowan, Health-Physics Dopertment, Brookhoven Hational
Laboratory .
Mr. ¥elson Gorden, Department of Chemistry, Radiation Laboratory ,
University of Califernia, Berkeley, Califormia :

Dr. Austin M, Brucs, Dircctor, Division of Biology, Argonne
Nationcl Laboratory, Chicago, I1l,

Dre Jo Eo Rosc, Diroctor, Division-of Health Physics, Argonue
Neticnal Laboratery, Chicago, Ill.

Dr. Wme. F. Bale, Raodiologist, University of Rochester, Rochnostor ,
New York :

Df. Hymor L. Friedcll, Dircctor, AEC Medical Rescarch Project,
Western Rescrve University, Lekeside Hospital, Cleveland, Ohio

OFF-COMMISSION USERS:

1.

2s

Dr. Edith Quimby, Presbyterian Hospital, Columbie Universibty,
630 West 168th Strect, New York 32, N.Y.

Dr. Robley D. Evans, Professor of Physics, Massachusctts
Institute of Technology, Combridge, Massachuscotts

In addition the following persons will also attond: oppropriate per-

. sornel from the Division of Biology and ¥cdicine end other members of

the Washington office staff; Dr. H.H. Woodruff, ¥r. G.W. Morgan and
myself from the Isotopes Division, Oesk Ridgc.

P.Cosie
Auvgust 12, 1948



7 - I .o ‘APPENDIX 2 .
: o EX(,T"RPTS FROM ACC::PTANCE OF TERMS AND COLDITIONS
e FOR ORDER AND RECEIPT OF BYPRODUGT MATERIALS (RADIOI SOTOPER)

v

The éértihenﬁ items are:
é. "Title to end possession of all byproduct materiaTS purchssed or
~acqu1red from the Osk.Ridge National Lab oratory,'or from any sourcs
on the authorlvatlon or approvel of the Commission, remasin subject

to the Commission‘s statutory right to recsall. . The Commission may

recell éugh materisls if the‘appliéan% (1) féils to, otserve such

safety standards as are or may te esteblished ty the Commission,

(2)—ﬁses t#e naeterisls in violation of law or regulations of the-
" Commissior, or (Z) uses the materisls in s mamner other then as
::} dis%losed.in his spplication therefor. Title to eny by%roduct

materisls recelled by the Commission shell vest in the Commission

with the exercise of this right, snd the Commission mey enter and

teke possession of said meterisls any tims after notice is given

T

tha%'the neteriels are being recalleds piovided, that if requested,

’

the applicant, at his exDeLse, will’ make shipment of the recalled
l

materials to & destinetion designated by tke Commission. -

L 9. The applicqnt shell permit the Commission to meke such inspsctions
‘of his facilities wherein byproduct meteriels a2re stored or vsed

- as the Commission may deem necessary,'andlshall mnake availéble to
the Commission the records required to be kept by the provisions

hersof.

10. The applicont will keep sccurste end corplete records showing the

rgceipt, use, storage, delivery/and dispossl of byproduct materials,

i

IR I

4,'e

75




AFPENDIX 2 (Corntirued)

the dispossl of waste or discard b&pfbduct materiels, an& ths
safety megsurés used to protect health.. The spplicent will report
to the Commissiog every delivaery or transfer mede to any person
(es defined in the Atomic Energy Act of 1946), giving the nsme of
the trensferce, &ype and smount of btyproduct matsrial, and date

of delivery or tromsfer.
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DN ‘ , © APPENDIX 4

DISTRIBUTION’OF ISOTOPES CLASSIFIED .ACCORDING TO DEGREE OF HAZARD,
£S SPECIFIED BY SUBCCME:ITTEE OF THE NA.TIONAL COMMITTEE
ON RADILTION PROTECTIONW-

(Period coveréd: June 1, 1947, to July 1, 1948.)

‘ o Totel Lmount of Isotope Shipped
Isoteps . in Millicuries
SLIGHT HAZLRD
No2ls ‘ L,521
g2 * 8,710
cull ' 2,800
1in22 0
hsl® _ 25
asl! 2,1
Kr5 0
Hg 197 0
Total 16,058.1
Per cent of total '
. millicuries shippod +9.65
- MODERLTELY DiliGEROUS
Tc1§7 0]
Tor2? 0
1331 61,774
137
CS 1 7
140
Bo 65
140
Lo 80
Colll 200
143
Pr 2
Na L7 1
ArtTB 8,560
Ar199 10
203,205
Hg <72 250
0B | 0
pie - : 76,612
s35 1,227
c136 .05
!\[:rpSLI' 0
09 21
co0 690
Sr89 31,5
begB 1
R
R§106 . 2 .
) ‘ : Total 1L9,537.55

Per cent of total )
millicuries shipped 89.81
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 (continued)~'

Y]

Total amount of Isotope Shipped

Total .
Pop cent of total
millicuries shipped

in Millicuries

L8 7
177
2.8
0
56
174
O 2
0
0

897.8
0.54

E]



QUANTITY OF FOLLOWING ISOTOPES RECEIVED BY LISTED CITIES
WITHIN A PSRIOD FROM JUNE 1, 1947 TO JUNE 1, 1948

APPERDIX 5-&

(MC )
Iso‘co‘pe ) Dalles | New York Roston ’Chi cago Phile;delphia Clevele nd
I 121 1,220 | 14,263 | .7,129 4,330 17,166 1,235
P 32 1,230 | 18,116 20,294 1,356 " 1,300 1,210
S 35 0 63 20 43 0 0’
Ne 24 0 320 720 0 0 400
K 42 0 2,080 4,680 0 .0 0
Co 60 .0 0 &0 0 0 0
c 12 0 37 106 31.5 z 2
Sr 89 o 150 55 3 0 0
Au 198 1,920 80 0 0 0 0
Ag 110 0 0 0 0 0 0
Cl 36 0 0 0 0 0 0
Ce 45 0 8 11.6 10 0 0
Fe 55, 59 0 0 6.6 1.4 ) 0
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APPENDIX 5-B

€.

EXAMPLES BASED ON ACTUAL DISTRIBGTION

.Equilibrium quentities of 1151 and P52 in sewage system at

the following institutions or cities, essuming thet all

meterigl received was disposed of in sewer et the rate of
1/52 of total millicuries each Week (period July 1947 to
July 1948)

] ' )

Amount Complete Dispossal
. Received ‘by Sewer
Institution . in Bouilibrium Velue
or City "~ Isotope Millicuries in Millicuries
Hemorial Hospital 1181 4,000 - 129.8 -
‘ p32 1,400 ©79.6
Msyo Foundation - I1%% 2,800 89.0
’ pd2 1,200 ° 67.8
New York City Fplsl 14,263 517.0
: pe2 18,116 147.0
Cleveland : I PPV O 39.2

pé2 1,210 68.6




7 AFPEMIX 5-C

BOUILIBRIUM VAIUE OF DISPOSED FATERIAL

Assums a disposal rate of 1 mc/week, then:

I | I Millicuries
1 (1) (2)
! Isotope T5 | Bouilibrium Time at Equilibrium
[ N
e 5,100 y | 20,600 y 383,735.3
P2 i 143 4 85.8 d L 2,94 |
‘ i i ) !
112l 8d | 48 4 1.65 !
3 12 y 2y | 902.9 |
35 i
s 87.1 4d 522.6 d 17.96 |
ce*®> | 1804 | 1,080 d 37.1 !
Lo | ’ ;
a9 T a7 g 16.2 4 556 |
- l
CWe?* 1 18 88.8 h 27 |
i i |
(1) - ote: Trensient radiosctive equilibrium will be

(2)

reached closely in about 6 hslf-lives of the
daughter. For the purpose of these calculstions, ths
activity is considsred as growing in st the rote of

1 mc/week. Reference MDDC-763, pege 45.

Equilibrium velue Q) = R

7\

R = rate msterieol is sdded/day

A= 0.693/T% in days



S , ‘ " APPENDIX 6 .
““ '.-)!; ' .tfr’,'. ' ' = A : t e . . ) . .. )
oo ' | HALF-LIFE <5 DAYS | o
v Lo T T ' . _
- . v Radietion (ilev) Estimated Quentity
Blement. Beta i Gamnma Per Unit (mc)
. ;- Antimony 122 1,36, 1.94 0.57 50
-7 Arsenic 76\ 1.1, 1.7, 2.7 | 0.57, 1.25 25
SR " '
©  Arsenic 77 0.8 None. | '0.70
‘\ Bromine 82 / ; 0.547, 0.787 70
NI B g
© Cadmium 115 1.33, 0.6 : 0.65 20
"Copper 64 0.58 B~ 100
0.66 Bt :
K ' 1.2 (weak) ’
Gallium 72 3.1, 0.8 0.84, 2.25 25
Gold 198 0.97 ; C.a4 80
i”f}‘cold 199 1.01 0.45 10
Iridium 194 2.07 0.38, 1.65 40
Lanthenum. 0.9 (20%) : 1.63 complex 40
1.40 (70%) ? ‘ '
2.12 (10%). ;
e . ; : S
* Mercury 197 K, e- . : 0.075 95
' } K, e~ : 0.13, 0.16 ,
. . - ’ : ’
" Molybdenum 99 1.3 0.77, 0.815 40
. : -' 0.84
Potassium 42 . 3.58 (75%)
. . 2.07 (25%) 1.51 (25%) 130
. !
Praseodymium 142 i 2.14 1.9 40
Rhenium 186 i 1.0 None 75
. i . L
Ruthenium 97 ! K, e~ 0.22, 0.18 10
o ! '
. Semerium 153 | 0.73 : 0.1, 0.57" 16
o i ’  (weak) ‘
! 1
/2
A R R = A N gl —apes ¥Iair oo, €4 LY CL e s 7% 4 YRS

e S T R T TR,




APPENDIX 6 (£ONT!D)

3 A HALF-LIFE <5 DAYS
i - Radiation (Mev) . ! Bstimated Quantity
Element , Beta T Gamma 71 Per Unit (me)
Rhodium 105 0s5 .. 0053 . 10
Sodium 24 1.4 1.4, 2.8 20
Tungsten 187 008 143 0,086 = 0,94 ©~ 40
complex - :
" Yttrium 90 L 2.16 None 100

HALF-LIFE - 5 - 10 DAYS

. ____Rediation (Mev) Estimated Quantity
Element ; Beta » ; Gemme Per Unit (mc)

! : .

Bismuth 210 | 1,17 None ’ 10
P _

Todine 131 ; 006 . 0.367, 0.08 ' 130

3 L LT, 0,055, 0,082 | .10

: i
{ H

Silver 111 ; 1.0 Yone ; 10
i .

H__ALF-I‘.:IFE =10 - 15 DAYS .

1 Radiation (Mev) Estimeted Quentity
Element b Bsha - Gamma 1 Per Unit (me)
{ y
i . . i .
~ Barium 131 K, e~ 1.2 (wesk) | 6.0
Phosphorus 32 1.69 ' Hone b 1500
Phosphorus 32 . 1l.69 , Jona . 350
’ i
i ! !
: T
EALF-LIFE = 15 - 30 DAYS
; Radiation (Mev) Estimated Quantity
Element i Beta ' Gamma Per Unit (me)
Ceriym 141 i 0,55 0021 .50
hromium 51 2 K 0632 50
“Osmium 193 ! 0,35 Present 40
Palladium 103 ! ! Wone Undetermined
Rubidium 86 ‘ 1,60 | None i 100




' APPENDIX 6 (CONT'D) -

'BALF-LIFE = 30 - 60 DAYS

\

Radiation (Mev)

wstimated: Quanbitby

- "Element [ Tete . Gamma T Per Unit (mc)
J e, N . i ]
UL Cddmium 1150 . 1.85 | ~0.5, b
e e ’ P !
* ¥ Eefnium 181 | 0.8 ; 0.5’ 50 ‘
J',I ' . . '-l. . ,‘ . ’ N ! R , 2
. Indium 114 ‘I.T.e” 0.19 10
< 1.95 !
' : i ) 1.0
- Iron 59 §0°26, 0.46 l 1.1, 1.3 .
s : ]
. . i { ;
Yercury 203, 208 0.3 | 0.28 : 135
Strontium 89 | 1.5 . lome : 1.5
; i :
FALF-LIFE = 60 - 90 DAYS
\ ’ . Radiation (Mev) ] Estimated Quentity
o . Element I Beta T T Genme Per Unit (me)
i — — :
Antimony 124 | 0.53, 2.25 1.72 | 4
 Iridium 192, | 0.59 y 0.2 - 0.6 complex 40
- Scandium 46 | 0.%6 1.12, 0.90 750
Sulfur 35 - 0.17 Hone 1.0
Titenium 51 0.36 1.0 0.09
Tungsten 185 | 0.6, 1.3 Hone 10
80 | ¢
Zirconium 95 | 1.0 (%) : 0.73 12
't 0.594 (98%) 0.92
) : { '
— : }
EALF-LIFE = 90 - 180 DAYS (6 HONTHS)
’ Radiation (iev) i Estimated Quantity
Element Beta Gemme t Per Unit (me)
K )
" Selenium 75 K, e~ ‘ <0.3 complex ) ! 65
. 1
" Tantalum 182 0.53 1.13, 1.22 g 40
i 1.0 complex i
Jt !




o~

APPEIDIX 6 (COMT!'D)

BALF-LIFE = 6 HONTES (180 DAYS) -- 2 YEARS

v - ’ g - ’

- Radiation (Mev) . Bstimated Quantity -

Elemont Bota ' Gamma N Per Unit (me)
) M * } ] \

Calcium 45 = 06250 i .  ~YNone ; 0.8

. ‘ 2 .E

' z :
Silver 110 't 0459 § 0.66 (24%) . | 35

! - 0690 (47%) :

i . L lo40 ( 9%) .
Zine 65 ! 0.4 B 5 1.14 t 15

HAIF-LIFE = 2 TO 3 YEARS

L Radiation (llov) .

Elemont i Bota ; Garma » Estimated Queantity,
: H : i Por Unit (mc)

i ! !
Antimony 125 | 0085 063 L. . Present ' : 1

i

Cosium 134 00 645 4, 0,776 (95%)i 20

» Vo
(5%)

None 7

5
3

0,58
1035

P

a
1]
Thellium 204 | 0058
H
[}

- HALF-LIFE = 3 TO 6 YEARS

oo Radiation (Mev) . Estimated Quantity
Blement Bota 7 Gamma i rer Unit (mec)
. . ; )
(81) 147 0,223 5 None ! 1,001
(illinium) | | . 3
{ i

HALF-LIFE = 5 TO 10 Y=ARS

: Radiation (Mev) L Bstimated Quantity
Blement : Beta : Gamma . Por Unit (me) =
Cobalt 60 1T 063 i 1.1, 1,3 : 20
. 1 i .

Buropium 154 b 0,34 (50%) { 1.4 ot al | 40

© 0.82 (50%) l {

HALF-LIFS = >10 YZARS

' Radiation (Fov) Zstimated Quantity
Elcmont i Bota T T T Garma Per Unit (mc)
Chlorime 36 | 0466 i Hone : 0,005
Wickel 59 | X, o § : B
Technetium 99 : 0.3 i Wono ! 0.00C01

) !

e s .t segrime e aes

Carbon 14 : 0.154 . ) N?E? : ) ,




APPENDIX 7.

.-+ EQUILIBRIUM RETENTION OF ACTIVITY IN MAW -
© Y ON TH® BASIS OF U .15 ERGS/GH/DAY
’ OR 50 MR/DAY

_isotopoc in that tissue to the avorage concontration in the tody

(neglecting excretion). Marinelli -~ "Dosage Determination with
Radiocactive Isotopes," The Amorican Journal of Roentegcnology and
Radium Therany, Vol, LIX, No, 2, Feb, 19Ug,

[, e s+ y v vy gmem e < P L e e S W S
IR T AL g T R RIS 752+ * R RS SV N E IR 2 of & S A D5 PRI ¢ et SN

L v . . ,J'L“ Pormi s- Minimmn
Ll . . M"M Permissibie sible Permis—
s Total ' Mc Present W . Mc/man on  _ec/gm of  sibtle
L Contont to Produce D, A, R, Ba.51s of . Elcment Dilutien
,.;; ; Elemont Gms/Man Isotope 50 mr/da.y ) () D, A, R, . on Basis by Stable
e Y .1;,;',, : : of D,A.R, Elemcnt
R A , : : : gnfuc
e 12,950  ol* 1100 1 - 1100 0.0849 6»2»1 74
‘ ol 1100 10 110 0.00849 176
cl4 3u(3) — — _
3 670 P32 100 1. 100 0.149 680~ 67/
p32 100 10 10 * 0.0149 67.)
s ' 112 35 1010 1 1010 9.017 £z -l/ ’139?
oo §35 1010 10 - 101 0.9017 '
. Ca 1,160  Cal*d 678 1 678 0.584 aer 1, 7/3
_ . cal*d 678 -16.6(1) 40.8 - 0.035 28,5%
:} 1 0.020 1131 g6 1 g6 4300 78, 0002328
1131 g6 1168(®)  0.0736 3.75 . 2644
Fe 4,375  Fe)d - 21.3 1 21.3" L 868 3=e2x3ed P R8s
Fe)I 21,3 - 10 2,13 0.1g6g '
Va 63 Wt | 12.1 11 12 0.192 . -Bzbgmed o-2/
. K - 150 Kue 29.5 A 39.5 0.263 =#5x3p 3 7°
(1) ZXnown D, A, R, value.
v (2) . Calculated D, A, R, valuec from Skohl, Mineral Metaholism.
(3) Dr. Austin Brues! value,
(4). Assuming cqual distriwution.
(5) D, A, R, for any tissuc, this is the ratio of concentration of an
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U APPENDIX 8. ¢ W
(contlnued) ' R

Table‘f A Comparatlve :Summary of Some Tolerance Values. (Contlnued)
e Explanatlon of contents of teble. - . ‘

,Vngh;,:'The tolerance valucs in columns 9, 10, ll 12 and 13 are for

R cortlnuous exposure.l If the exposure is for a 40-hr. week, multiply
. - these values by 4.2,

s .,.’.:. .1. :
{ 3*“’ _Column 9-is the tolerance concentratlon rate, 1n./(c/sec., to
the body organ that will produce a tolerance rate of exposure after,

A 365 days of consumptlon.

\

’

e " _ * It should be noted that the values given in column 6 depend on
L " the -chemical form and in jthe case of inhalation they depend upon the
. © "~ ,rsize of the particles. Until the most likely forms of these elements
SN 7 Jin a given leboratory are known, it is difficult to assign typicel

‘ ) values of tole ence, eoncentratlon in columns 10, 11, 12 =2nd 13.

. . Values in column 9 cean be obteined by ‘dividing values in column 8
fj} . by the‘seconds in a year. . R
;j‘.ﬁ. .- Column’8 is the smc. in the lung, Eone idﬁoy; or blood required’
00 tn 1rrad1ate the organ with 3.65 roentgens’ of & or 36.5 roentrens of
/7v-inh a year. It is the arc. in the thyroid requlred to irrodiste it

Zl:l- 1;’5 w1th 365 roentvens of/g in a year

S .

‘357"*The Sr—Y act1v1ty reaches a moximum after 15 days. The 88A/4c.
e N is required to produce tolerance exposure rate soon after Sr reaches
SN the bone. Only 204c. is required to produce tolersnce exposure rate
v on the 15th d . The 34 pac. produces an average yearly tolerancd

s N - )

*

’ ',**It is assumed that the frectlon reaching the skin by wav of the
: “gut is 0.05 and by wey of the lungs in 0.1 in the case of S35, por
Lo ' Ca%5 it is assumsd that 0.15 reaches the bone by way of the gut and 0.4
+ by way of the lung. - o

.



APPENDIX 9

.- EXAMPLE OF DATA ON CITY SEWAGE

Report on the Pollution of Tennessee River in and
Near Knoxville and Sewege Treatment for ¥noxville

Chemicel analysis of city water based on 6 months average for 19,5

pH . 706 p.p.m , Cerbonate Alkalinity 0
5i0o 5.0 " Total Alkalinity 70.0
Fe 0.02 " - 80, ‘ 31.0
A1203 0.8 " C1 2.0
Ca L.o.0 i Dissolved Solids 180.0
Mg 5.0 " Soap Hardness - 120.0

Waste from Tennsssee Packing Company:

Annusl everage waste of 240,000 would contain 3,200 pounds
of suspended solids end 2,560 pounds of B.0.D.* per day. \

In 191;: Per Capite
Industrial Use Domestic Use Populetion 160,000

38 gallons 49 gallons
- }

Water pumbed per capite for inoxville = 88 gallons per 2l hours
The total load‘of suspended solids and 5-day B.Q.D.x* in the row sewage
for 19445 is estimated to be os follows:

Pounds per 2l hours suspended
Year solids 5-day B.0.D.

1945 B 42,000 119,500
Averoge senitery sewage flow is 2.7 million gallons per day.

There ere 32 sanitary sewer outlets into the river at Knoxville.

*Biological Oxyzen Demond



Sy S R | APPENDIX'10 .

RADIOLSOLOP“ ADULTwRATIDN

 ELEMENT DILUTION WHTCH WILL ACHIEVE ADULTERATION
TO 4.15 ERGS/GM/DAY IN THE ADULTERANT

Total. Kilo- Liters Liters Liters iters Lit- .
' Absorb- grams of of of  of o e thzrs
" able Adulter- Element Element Water Weter  of Tagth
EFe?SY per ant per Time = 0 Time = Time = 0 Time= FRerth ;ime -
i D}s1ntegra-. mc of -~ 20 days 30 days Time= 30 da§§
tien Isotope 0 -
‘¢l 5.08x1072 62 17.6 17.6 62 61.9 11.2 11 °
p2 .558 680 309 72.5 680 159.5 123 28.9
1131 \645 - 787 159,83 —11.8 787 58.5 142.5 10.6
H3 4.95x1073 6 66.8 _ 66.5 6 5.7 - 1.1 1.09
,ow 89%  5,61x1072 68 34 26.8 68 53.49 12.4 9.75
 ca%® - 0s3. 101 65.7 58 101°  89.6 18  16.2

Note:~ 4.15 ergs/gm of tissue is considered a safe pe;missibie daeily dose.

e e — . —————t S A A YA Yy ey &P § T PGS P pernmmpemes = v s s N - P S TRt T ety €y L w bl & SN Wiy N PR 1 i -
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APPENDIX 11

EXCERPT ON DISPOSAL dF RADIOACTIVE MATERIALS

from

Dr. J. J. Nickson, Director, Medical Division,
! Argonrne National Laboratory, ‘

' to
Philip S. Owen, M.D., Nationsl Research Council,
congerning

"Protection igainst Redistion Hazards"

Disposal of Waste Radicactive Meterisls

Westes which contain less than 0.1 mc/ii%er in a clenr slkoline
solution are classified as radioactive wastes which may be discarded
into the usual city sewer system. Acid solutions should not ke dis-
carded in this fashion tecsuse of the danger of precipitation of the
radionctive meteriel when the activity comes in contect with the
organic material in the sewer. Animal csrcasses end excreta are here
discarded by collecticn and storage in s suitable moritored guarded
ares. Should ircirerstion te considered ss a mesns of disposel of
orgenic westes containing rsdiosctive moterials it is obvious thsat
monitoring of the content of amctivity in the sir should be' donc =t
21l times. i

Perkaps a trief description of our wasts disposzl system here might
be in order. ¥e have set up a system whereby all moterisl conteminsted
with rodicactive meterisl is Placed in specisl containers which ars +o
be used only for such meterials. At lesst ons container is present in
every room in which redicsctive msterisl is hardled in the leborstory.
In addition suitsble contsiners (usuelly steinless steel) for solutions
containing radioasctive meterials in excess of the 0.1 me/liter figure
given above are placed.in several of the lshborstories in eech building
so that the solutions which are not to te dumped down the sink can fird
8 suitetle resting olece. Both the dry sctive waste contsiners and
the liquid sctive woste containers sre collected 2t intervals dictoated
by their use; the meterisl transferred to lerge containers are teken
to o guerded monitored ores and there held.

It is recognized that such s system is expensive. However, we do
net feel justified in allowing dry sctive wastes or liquid active wastes
to enter the normal channel of waste disposal if we can humanly svoid it.
Even with this system it has besn necessary to routinely monitor 211
ordinary dry active wostes leaving the project teczuse, on occosion,
through error or through indifference, dry wostes cortominsted with redio-
2ctive materials are placed in the non-active waste contoiners.’

It connot te too strongly recommended that 211 these wostes should
be plsced in a ho}ding sree under the control of the institution in
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“Questioﬁ; 1t is desireble thset the holding containers be of such e
noture that they cen be resdily transported without over-exposure to’
thé personnel involved. It is hoped that the nationsl policy will be
decided within en intervsel which will not necessitote too large local

holding aress.

L. B It.is' my feeling thet sny local decisions by any given institution

! to meke definitive'disposal of radiosctive wastes should be discoureged:

' Although we do not ordinarily consider it so, the see is a finite bedy.
Should 21l countries decide to use the ocean as & dumpirg ground for
radiosctive msteriels, it is possible to foresee a condition in not too
meny generations in which plant and enimel life within the oceen (which

K are copeble of concentrsting meny fold the activity present in the
* woter) would countein o redistion level which on a long term basis =rould be

hormful to humsus.

. AV)
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EXCERPT CON DISPOSAL OF RADIOACTIVE VATERIALS

~from the

Argomne Naticnal Laboratory menusal, .
"Rediation Hazard Control"
)

.1. Cecnteminated Dry Objects

1.1 Dry Active Wosto Cens. Contaminsted dry objects such as
glessware, used kleenex, snd conteminated apparatus should be placeq ir
the Dry Active Waste Cans for disposel by the Sefety Section. The Eeslth
Physics group should ts contactsd before sttempting to dispose of eny
appreciable ectivity in this menner.

Then elpha active materisl in sn smount greater then microgram
levels is placed in a Dry Active Waste Can, the scientist is rosponsible
" for notificetion of the Heslth Physics Division. This is impcrtent becsuse
it is very difficult or even impossible for the' surveyor to tell how much
alpha sctivity may be present in the Dry Active Waste Can.

Uncder no circumstances should sctive solutions be plsced in these

1.2 Naterisl which conrot bte pleced in the Dry Active Weste
Cens. Articles which 2re too large to be placed in these cens, such ss:
ring stends, tripods, pisces of masorite, trensite, plaster tosrds, pines,
etc., should be checked by Heslth Physics, labellsd, and arrangement for
their disposal by the Safety Section made through the Health Physics
Division. .

2. Active Solutiors.

Active solutions should be retsined for dispossl ty the Safety
Section. Such solutions should be placed in bottles small embugh to be
essily handled (if possible, the size shovld be kept below 2 1/2 liters),
and.in_the cese of beta-gomrma asctive materinls to prevent excessive
exposure to those removing the materiasl. The Health Physics group will
make the necessory srrergemsnts for their disposal. All bottles should
te carefully end completely labelled before teing removed from the
laborstory,
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“ci2" " EXCERPT ON DISPOSAL OF RADIOACTIVE MATERIAL

from °
"Safe Hondling of.Radioisotoﬁ?s" S

(Provisional Draft of a Reporf Prepared for the, -

>

Disposal of Contomineted Westes

’

(1) &sbsorbent papers, wipes, etc. )
Woterproof dispcsable containers to hold tho discerded
absorbent bench poper and wiping popers should be pro-
vided at each laboratory station. Regular céellections
of these disposal vessels from the laborotory should be

" mede. The eventual disposal of such items is conditicned
by the half-lifc oand toxicity level of the isotopes
involved. With short hslf-lives, retention of the
moterials in o controlled area, until their residual
pctivity is insignificent, is a preferred method. With
long-lived isotopes, the lsboratory manogement is oom-
mitted to o prevention of contemination of the public -
domein. The association of groups of leboratories to
provide & singlc controlled ond economical disposal

. area mey be feasible. -

1

(2) Aective solutions

The disposal of activc sclutions to the public sewers
con only be considered sdéfe when the possible subsequent
chemicol, physicel, and biological concentrations will
still leave the moteriscl st sofe concentrations. Dis-
posal to a water system should include consideration of
the accumulation of activity iu scil or mud, ond in
algac and similar orgenisms. Concentration of the

order of 100,000 fold muy occur. Whenever possible, the
principal activity in the waste sclution should bgg pre-
cipitoted, and discorded as active solid materiaij&'

Urine. from isotopc-injectcd enimals or petients, and
liquors from equipment or clothing decontamination,
moy require attention as active solutions.

- (3) Tools .

Tools ond other miscellancous equipment used in hendling
long~-lived isotopcs should be regerded -as contomipated
and should not be released for other work until proven

otherwisc. , B
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EXCERPTS ON DISPOSAL OF PADIOACTIVE MATERIALS

from .

Isotopes Branch Circular B-1,
"General Rules end Procedures Concerrimg Redioactive Hazards"

1. Storage and hardling of plutonium or similsr hazardous substances

8. Quantities of plutonium greater than 1 microgram shell be
securely covered during storsge and kept in a hood equipped with
doors, or in other spaces specificelly accepted by the Tealth
Division Director, or his representative, as suiteble under the
given circumstances. (Such as shelves constructed in an out-
Pocketing from existing hoods or separste boxes equipped with
doors and vented to a proper exhaust.) ) .

b. All transfer of materisls between hoods end storage devices must
be done in such e menner ss *o evoid the possibility of spillage
or breskage. Double contsiners to eliminete contemination and
breskege danger should be used.

¢. ALny work with msterisls susceptible to atmospheric distritution .
of plutonium™®* (thet is, dusting, spillage, vaporizing, effervescence
of solution, etc.) shell te dons in an "sdequate hood."

i

2. Disposal of materials contaminsted with plutonium or similar hazardous
substances. All discardsd meterisl which has been liable to plutonium
comtemiration is to be buried. Distinctive cans are to te provided,
snd these handled with proper discretion. If s dust hazard is
involved, s Heslth-Physics representative shell accompaiy the can
when it is tsken to be buried to sce that respiratcrs and protective
clothing ere ussd when nseded. In rooms where large (1 to 2 microgram)
emounts of plutonium sre herdlsd, & small red closed can should te
provided with a paper lining to receive waste of known contamination,
so that the closed paper lining msy afford some messure of protectinn
against sprezd at the time of disposal.

3. Dispossl of petive trash, unwanted sctivé matarials or equipment

2. Two tresh cans psinted entirely red (toth top and cen) ars to be
provicded at ecch desired location for tresh which is conteminsted.

*From AEC Regulstion Sefety No. 3, "Stsndard Safety Requirements®
**This rule applies to other rodioisotopes which present s similar heslth
hazard. (1 microgram approximstcely 1/16 microcurie)
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Only one of thsse two cans should be used ot a time ahd the ons

'in use should be tagged by Supervision of the Areas - "Use This

Can."

It shail be the responsitility of supervision to see thet these
cans are momtored et sufficiently frequent intervals to prevent

. active.materials from accumulating to such sn extent thsat radis-

tion levels of greater than 12.5 mr/ﬁr oceur., i ’

Once a2 can has been labeled "Driver, 0.X. to Pick Up," mno.more

. contaminated trash shall e put in thset can. When the can hes

been emptied and resturned, Maintenance should remove the teg
so that it mey te held in reserve while thes second cen is in use.

Burying ground - All contaminated msterial end equipment that is %o be

discarded sholl be thrown only in the trenches provided for that
purpose. T

8.

Sufficient ecrth must cover nctive moteriels in 2 trench %to keep

the level of radiaetion at the top of the trench telow 12.5-mr/hr.

(1) Xeep éufficient easrth ovsr tresh to prevert trssh fros
being blown or floated outside the trench.

(2) Kesp én'sdéquate record of all equipmert teken to the burial
ground for burial or for storage.

.The burisl ground will be pesriodicelly surveyed.

N
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EXCERPTS ON DISPOSAL OF RADICACTIVE MGTERIALS -

. from

‘Atomic Energy Project, .
University of Celifornia'at LosMingeles,
"Health Physics Reguletions"

by Stefford L. Warren, M.D., Project Director

-

9DISPOSAL OF RADIOACTIVE TASTES ARD CONTAMINFATED VATERILLS :

The disposal of radioactive wastes must be carefully reguleted
so thet the permarent or long-time high contsminstion of sress or dispesal
systems outside the control of this project or st the project does'not
occur. : T

I. Radioective Wastes:

a. In all leboratories where radioactive materiels are
. handled no solutions are ever discerded into & sink or
sewer unless the-lsck of activity or the ‘approximate
ectivity of the solution is known to be within the .
sefe limit for disposal. (See I b 2 below for safe
limit.) , Y
b. Usuelly the activity of & solution which hss been used
or involved in an experiment is known, thus wher the dis-
posal of one of these solutions is desired it will depend
upon the nature of ths active solution ss to which method

of disposal to follow: P

~

1. If the solution is highly ective, then trsnsfer to
the "Solution Contsiners for Sea Burial."

2. If the solution is of low or medium activity then, if
practical, precipitate the activity out of the solution
and the clesr, alkaelire solution of less then 1 micro-
curie per liter snd not in excéss of 10 liters per day
may be discsrded down the sewer with proper fluching.

3. Active solids pPrecipitated out of the sctive solutions
or other sctive solid wastes shsll bte placed in the
"Solid "oste Container for Seza Burigl."

IT. Conteminated Materisls:

a. Contsminated items of clothing or protective devices will
@ placed in large clesn peper tags and turned into the .
He21th Physics Section for dispossl. The peper tag should
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be labeled w1th\the nature of contenis, degree of contaminstion
(low, medium or high), date and neme of’ person turhing the

1tem in,

b;ﬂlContaminated.glass or other discarded equipment, scontsminated
with long-lived activity, which are imprecticstle to
decontaminate shall e placed -in special conteiner mearked
"Contamireted Glass and Other Waste for Sec Burial."

¢. Animal cercesses and organic meterisls conteining short
half-lived {one mouth or less) sctive meterizls moy be
disposed of by incireration, provided thg total activity
\does not exceed 0.1 mc. per incineration.

d. The disposal of animal carcesses end organic materisls
conteining ective materisls of half-lives of longer than
one month will be sccomplished by plecing these materials
in the specisl contairers that sre labeled ("Cortamineted
Animal Wostes for Sea Burisl").

- C e
e. All laboratories where active materisls are handled will
have & specisl waste can containing peper teg lining and
painted completely red for conmtemiraf{ed paper coverirgs,
wipes and tissues. Although these red cens will be
marked "Radioactive Waste Only," letoratory persornel
should be reminded by their supervisor of the above
" regulstions on the disposal of the verious contaminetsd
items and these cars reserved for cornteminsted pepers,
-eta., Oﬁly
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. REMARKS FORWARDED BY DR. EDITH H. QUIEBY

’

In petients receiving radioiodine therapy, unless it is desired to
keep a record of excretions, it seems desirable not to preserve the urine
st ell, but to have it flushed away &s voided. However, if it is desired
to determine the total volume and measure & small part, it is usually
possible to obtain the patient's own assistance in hendling the meaterial -
during tho measurement, end afterward disposing of it. Eere, of course,
we come directly into collision with the various  formulated rules concern-
ing flushable waste, and I went to consider the situetion in some. dotsail,
as it has been studied by the group of New York hospital physicists con-
cerned with this problem.

Genecrel recommendstions have been of the order of not more than
100 .uc per flush, and not more then 5 me per week down any particulaer
drain. On the other hand, the Provisional Draft of the Report for the
Netional Committee on Rediation Protection on Safec Hondling of Radio-
isotopes sets & permissible level for water contsminetion as 0.1 uc per
liter. According to information received from ¥t. Sinsi end Presbyterien
Hospitals, a lerge hospital flushes into the sewoge system cbout 1800
liters per duy per person; thus for & 300 bed hospital, cssuming two
people per bed, - one patient and onc employee, - this would be sbout a
million liters. Onse hundred millicurics dispersed in this smount of
weter is 0.5,mc/liter. _On this basis esch hospital of this size could
flush ewey 100 me of I3l weckly without bringing the sum totsl of sewage
contamination frem its own dreins sbove the pernitted level. &And evi-
dently such hospitals represent & very smell part of the totel sewnge
woter. ’

Of coursec questions immediately crise os to the rate of removal of
the motericl from the individusl drain to the general sewage system; how
repidly it gets diluted to this level, snd whether it may be caught in
traps or interect with moaterisl of the pipes to form an insoluble compound.
The ordinary toilet uses sbout 10 liters per flush, and in ao bathroom
used by a number of patients would be flushed several times per hour.

Thus the material would bs quite repidly pushed elong into mein sewers and
into the generel system. It is very unlikely that eny stoppege or ac-
cumuletion in treps would occur. In institutions where this type of
disposal has been practiced, monitoring of the sewege lines has not shown
oppreciable activity. In one reported instance, following « large dis-
posal, the background necar o trap was appreciebly raised for o time, but
not to anythirg like tolerecnce level., 1In sélecting dreins for the disposal
of such active muterial, precautions should be taken to assure thet they
do not run in the vicinity of eny room wherc eny Geiger-counting apperatus
mey be used. Where possible, a dircet outlet to the main sewer is highly
desircble., In o large hospital, where bathrooms arec usually loceted in

& tier, it is not likely that o bathroom drain will pass through or ncer

& room in which mecsurcnents are bsins mode.

~azy
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If this type of disposal is practiced, it should alweys be borne

in mind, however, thet if any plumbing repairs are necessary in o sewage
line conteining possible contemination, trops or joints should be
monitored upon opening, and so should woste removed from them, or woter

, dlscharged ‘et the time of the opening. This necessitates on undsrstending

on the part of hospital personnel that the laboratory should be notificd
in the case of, such repalrs.

In the motter of disposal of radionctive wastes, it is the oomnunlty
&t lorge thet. must be considered. No user of isotopes can consider his
disposal problems a&s though he were the only one in the community working
with them. Disposal measures adopted by any group ot the present time in
the light-of its own uses end thé knowvn situstion in the community, nustl
be reviewed ot frequent 1ntcrvals. .

o . gy 8 kv, e e e erms e s ErEeens TR AL Tyl -
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" REMARKS .FORWARDED BY DR. ALBERT H. HbLLAND, JR.

7
’

Sﬁbmitted herewith asre a few tentative proposals for the off-project dis-
posal of isotopes. : :

It is not unreasonable to expect isotope users to retain short-lived
isotopes, say, those with a half-life of thirty days or less, until the
activity decreases to & safe level for disposal in city sewage systems.
Therefore, in effect, we are concerned with the disposel of long-lived
isotopes. This can be accomplished in the following ways:

! . . .
e« Calculated dilution and controlled disposal into city sewoge
systems. : )

bs Burial in controlled university or institutional burial. grounds,
This, in my opinion, is not a safe procedure, at least for the
present. Wo are currently studying some of the agriculturel and
geological problems associated with this procedure, Perhaps in a
matter of six months to a year we will be able to draw valid con=
clusions concerning the advisability of this proocedurc.

o.. Disposal at sea. This probdbly is a setisTeetory interim procedure
for. those institutions located neer the oceans, birk &= the final
analysis does not constitute a fool-proof approach.

d.. Concentration and return of long-lived materials to the regional
laboratories of the Atomic Energy Commission. I do not believe we
are particulerly interested in operating a garbage disposal systam.
However, procedures could be worked out requiring the packaging of
such meteriael in disposable containers which would reguire a minimum
of hendling on our part. Pending the "development of satisfactory
information concerning local burial, this method of disposal appears
to me to be the only one which we could publicly support and '

‘recommend., :

’
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-

' APPENDIX 18 ot - ° . '-f

1. . Diépésal of moterial by off-Commission users should be the responsi-
_bility of these users with guidence only from the Atomic Energy

. Commission. -

e, '

e 2.
X
N
i 3,
L.
’
.

-,

‘Tﬁé individuels who ere responsible for the disposal must have g

cleer understanding of the pfoblem. This provides & greater safe-
guard then specific rules and reguletions formulated by an outside
agenecy.’ ! .

‘ : 1

Tf unusual meens of disposal are reduired by off-Commissjon users,
the whole project should be carefully studied ot its inception -
in other words, ot the time that the allocation of the isotopes is

made.

’

Emphasis should be pleccd on simple procedures such as dilution or
edditson of non-radionctive elements in rendering the meteriels

non-toxic.: -

‘ . ;
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