G

1
3
1

2

34-12

503
LIC
736

RADIATIUN SAFET MANUAL

U.S., ENVIRONMENTAL PROTECTION AGENCY

CINCINNATI, OHIO

October 1986

William R, Bury
Radiation Safety Jfficer

Carl T, Rybak
Deputy Ragiation Safety Officer

33 870722
-02  PDR

Louis W, Lefke
Chairman, Radiation
Safety Committee




I,

CONTENTS

E"EKGENCY pROCEDURES F()R RAUXATIW ACCIDEHTSOCC.ooollo.o-lolOOQIQOI]
XNTRODIJCTIONQOOQIOOIC'lt.....ll.....'ll....l.llll..l.l.ll'.!'.‘llllz
*ESPO"SIBILITYQODUCl..l..!....'..ll.i'..0.'00..0...'.!..‘...l..'l.'.s

Radiation Safety Committee (RSC)issseseeurnnvneessssososncasesd
Radfation Safety Officer (KSU) OF DEPULY RSUseeeveveoesosseeessh
Deputy Radiation Safety Officer(s) (ORSD).usssverncscoonnsessnal
Principal Investiyators (Approved USers).uiseesecessssessssnsesl
Individual Users and TecMNICians..veueesvuesceencocsssssassnsesl

Mo O w 3=
-

REQUXRE‘.‘EMYS FOR USE JF RADI‘\”‘UCLXDES..I.‘..'....C‘.....ll....'.l.lq

An rﬁﬂera‘ Regu]a:jonsll‘.ll...'ll.l...l..l.l...'.'.l.‘...‘.ll....g
Bo personne].00'lll-0'.oooooocotoocl|l¢¢.lnco'ccolccal.i‘cocontooug

Co L‘borat3r1es fOr RadiOnUC]1de ”orkcncooooooooooocc--oooa-o.oo-.y
DROCUREquNT UF RAOX‘“UCLIDESI......ll.l..'lll..lt..l..'..l.l.l..l'.l'\J
ST\)KAGE OF RADIMUCLKUESQO'lll.'l..l....'DC..I..'...QI.!.I.C..IIOI‘I‘

Ao L1\JU"]S dﬂd Solids.onociononiocclcouncIoclntc.boou'nloctotlloa‘]]

B. (;asesoono.0000.looololnocolc'oo.o'cOOIlo..lo..Ooc'b..o.onlaltlu‘z
"AO{ATIJ‘ PQOTECTX()N '.4EA$URESOOODOOCIOIOIC..'llll.l....l.lll‘.lbl.“'z

A. i‘:erqa] Elposurelcolillll!ll‘O".ll..il.l.l...l.l.ll..bll.0"0"2
Be Ioternal Contaminabion ssecinssdsansconnsssssnosssonssnansesssssld
C. Hdnd]‘.ng procedurestcoll.llitﬂ..l...Cll.‘..l..‘.‘b.ll0.00000000‘]4
. %od Housekeepinq Hab1:5".l.ll"lll.l....’..l.l.ll..l..ll..'.l]4
Restriction and Labeling of Radiation Areas.....vecosvssssoseeel®
MONSOrING INE SUPYEY scinasssesssssssrancassdeirsnvisessnananll
CATIOration Of SUrvay MERerS cacssusscsssanssvrsvssssnéssssenslB
pem1ss1°]e Elposuresu.00!lll.'.l.......ll......!.ll.O.!ll..ll.]d
Contamindtcf’ Equipﬂ.ntl..lll.OOCOOIICOCOOIO0.0..l!l..l'l.l..l..l-o
Instruct"on for VisitOFSO0.0...0‘00.'0...0.00‘.‘QOODOOCIQIOICOO]Q

e X OOMMO



vIi,

vil.

vill.

X,

i,
XII.

DXSPOSAL...0.......0............."l....‘.l...l.".'l'.lll.llll!...zo

A. mcay.ll..OODC..Otﬁill..0....l00.....0'..".O'...lll....l'.....zo
Bl Liquid 01sp°sa].....ll.lll...l...0.....0.l...lll‘..."l.lll.‘..20
Cu chineration'..ll.......‘........."C...'.C....I..C"...‘.Cl...2‘

[“0 So]id H‘stes".C.....C..‘.l.........'...'.l'..l.llQ.....I.II‘.Iz‘I

EHERGENCY PROCEDURESI.O..'...lll'.Ill.l...'.l‘l.ll.l.‘..l...l.l....z]

Hhom to ca]] ‘nd HhenoiiI..l‘I.CO.C..00...OO.IOIO...D'.'....IC.2:
Lost SourCESI.'000!..'0.00.0‘0!'000ll.l..".ll'...".o.l0.0'..022
Minor Spills Involving No Radiation Hazard to Personnel........22
Major Spills Involving Radiation Hazard t0 Personnel....eeeeee 23
Accidents Involving Radioactive Dusts, Mists, Fumes,

urgan1c Vapors and G‘sestoll.Q.l.l.....0!...0.0..00"0'..l‘ltttza
F. Injuries to Personnel [nvolving RAdTAtioNn HAZArd...seesessessssld
G, Fires and Other Major EmeryencCiesS.veeeeveecececessescosssssssssld

-

Mo O W e
-

-

DECWTMINATXW pRUchURES.onnouooaooon.o-.onoouo-ooooolococooon:cczs

A, General Considerations....................l....................25
B. Spec1f1c prucedur.scoclllll..lll.ll0...'.0.'OOC..'O'C.ICO.CIl.l?7

RADIATION<PRODUCING APPARATUS. usssssnsnssnssnasnssosnsonsossnsensasdl
SEALED SUURCES.ievsesssnscesonssoncssnsssasessossssancasssssnsncessdd
GENERAL REFERENCES cscnssagrsvssansnrauriorscncsassscavasssnstnssandé
APPENDICES

A. Ragiation Safet; Qfficer and Deputies Radiation Safety
Cm1tt.eolll..lltl.l..Oltl....O.ll..t00000'000000000.0l000036
Units and Definitions « SI Unit Conversion Table.sssiesesescesesdB
Maximum Permissitle Concentrations of R24101S0P@S.ecreesrvevssed?
NOTICe 20 EMDPIOY@eS . uuvsuvsscvsssasnoscasosscsnasnocssscssssnsesdl
[sotope Use RECOrd FOMM, . uuveervessonosssoossssossasnsesssassseedd
InCiﬂ!"OtOP Burn‘lﬂg ..1'“1‘5.0.0....0-nooocno-oco--onnnoocoooo-oo‘s
Incineration RECOrd FOMM. . oveevsoooonssceansssossrnsssssssassedl
Application for Use of RAAIONUCI1d@S.csecevsvrsnsrssesnencsneesdB
Radioactive Waste Container LOQusseeeevssrnvssscsvvsasoosnsnsesdl
Certification for Use of Rad1atiON.vuevssrvssnvsnvssnesnssnssnedl
Appendix to NRC Regulatory Guide 8,13, Who Are Exposed to Radia-
tion qu‘?'\g pf‘&gﬂ‘ﬂcy...........u-...................u..-....52
Policy for Individual Less Than 18 Years of AGeuessesvssvssssasdd

- . .

-

-

Cors X OMMOOTE

—
-

ii



EMERGENCY PRUCEDURES FOR RADIATION ACCIC®-75

l. Survey and then evacuate possible exposed personnel frem arcident
area and give urgent first aiq,
2. Notify: Medical Telephone: FTS  634-7283
Coml, 569-7282
Health Physics Telephone: FTS 6847259
Coml, 569-74d9
Your Laboratory Supervisor Telephone: [
3. Limit entry into radiation ar=a, Turn off utilities as necessary to
control emissions,
4, Confine and survey all contaminated people, Give first aid for
traumatic injury and bdurns,
5. Evaluate situation in regard to contamination with radiocactive
ndaterials and the level and type of radiation exposure.
5. Perform simplie decontamination and resurvey personnel involved,
if contamination is present,
7. Save al)l samples of clothes, jewelry, blood, urine stool and
vomitus, Label each with name, time, and date.
3., Obtain careful nistory of accident,
9. Send personne! to University of Cincinnati Hospital 1f exposure of
10U R or more is suspected,
10, Obtain nzmes, add-esses, and telephone numbers of all witnesses,
IN CASE OF SUSPECTED OR ACTUAL EMERGENCY
CALL
Your Sunervisor Telephone: Day
Coml,
Night
L) e H
Radtation Safety Cfficer Telephone: FTS: 634.726¢
Wwilliam R, Burg, °n,D. Coml, 569-726%
Home: 922-4123
L)
Devuty Raafation Safety QOfficer Telephone: FTS: 684.7457
Carl T, Rybak Coml, 5697457

Home: 2719229



AND

\
Chairman, Radiation Safety Comiittee Telepnhone: Day FTS 644-74983 |
Louis W, Lefie Coml,  569-7953

Night 2310806

If no answer, call other persons listed in Appendix A, pages 25 and
37,




INTRUDUCT 1 ON
-

Tnis -adiation manual is desiyned to facilitate the safe use of radioactive
sources of all types witnin the Andrew W, Breidendach Environmental Researcn
Center and other associatea Environmental Protection Laboratories located at
3411 Churcn Street, Newtown, Ohio; 5995 Center Hill Road, Cincinnati, Ohig;
and 1600 Gest Street, Cincinnati, Ohio, The Radiation Safety Committee s
charged with the responsidility of radiation safety for investigators,
technicians, students, maintanance personnel, supporting staff, and the
gencral public, It is not concerned with the quality of scientific work,

It is tne expectation of our Committee that this marual will aid and en-
couraye the safe use of radiation as a method of research ang training, The
members of thne Committee and the Radiation Safety Ufficer are availanle for
help and consultation at any time, [f certain regulations seen rastrictive,
one should realize that these requirements are aictated by considerations of
healtn and safety and by the rules of the Nuclear Reyulatory Commission (NRC),
State of Ohio and City of Cincinnati, We are proud (of the fact) that we pos-
sess a broad yeneral license from tn2 NRC for the use of radionuclides which
permits the AWBERC to obtain almost all radionuclides quickly, All of us bear
equal responsibility for the operation of a safe proyram so that our bdroad
license can continue,

Any ingividual planning to work with radionuclides under the broag license of
the AWBERC is required to submit the form “Certification for lUse of Radiatior”
nefore deyinning worx (see Appendix J for sample form) to insure ne or she has
adeguate training and experience with radionuclides.

Each user of radiatior 15 reyuirey to read this manual ana be familiar w«i:in
its contents according tn the U,S. Code of Federal Reyulations (10 CRr 27),
Each principal investigator shall nave access tr a copy of NUREG 0426
Conditions And Limitations Un The General Provisions of 10 CFR 150,20, He ang
nis staff snall be responsidDie for the relevant contents of tnis ducument,

The users include the principal investigator or responsible person and all
other persons workiny with radiation,

Tni, manua)l includes definitions of SI units of radiation activity and expo-
sure, They may be found in Appendix 8., The use of these units, which are
part of t' e International System for measurement of physical properties, nas
deen adopted by the Internationa’l Commission on Radioloyical Prntectiorn (ICRF)
and will De found throuyhout the marual, Nevertheless the use of tne R, rad
and rem w11l be used since most instruments still utilize these units on their

scales,

The words “shall" and “should" are used extensively throughout this manual,
Please note these definitions: 1) shall - denotes that the ensuing recommend.
ation is necessary or essential to meet the currently accepted standards of



recommendations that are to be applied when practicable in the interest
of reducinyg ragiation exposure,

Questions relating to the policies and regulations in this manual can de
discussed by calling Ur, William Burg at FTS 684-7269/Coml,

$69-7269, ) | -
ouis ~, Lefx®, Chairman

Raafation Spfety Committee



RADIATION SATEITY MANUAL
ANDREW W, BREIVENBACH ENVIRONMENTAL RESEARCH CENTER

I, RESPONSIBILITY
A, Radiaticn Safety Committee (RSC)

The Radiation Safety Committee is responsidble for the cortrol of all
radionuclides and radiation safety at the AWBERC and otner associated
Environmental Protection Agency laboratories in the Cincinnati aiea,

The RSC is responsible for the administration of the license frum the
UeS. Nuclear Regulatory Commission (NRC) for the use of radfonuclides
and for all other radiocactive materials and devices which emit ionizing
radiation in the AWBERC, The RSC shall designate a responsidle Ragia-
tion Safety Officer (RSO) for all operations involving sources of foniz.
ing ragfation, Members of the RSC are listed in Appendix A,

Applications for routine uses of radionuclides are approved dy the Chaire
man, Program Safety Officer, PSO and RSO, These applications are then
included in tne ayenda fur the next guarterly RSC meetinyg for comittee
discussion and final approval, All new uses of radionuclides must be
presented by application to the RSC and require unanimous approval Dy
mempers present, Meetinys of the RSC are neld guarterly., Other meete.
ings can dbe held on petition of any mewper of the Committee,

The interim business of the RSC snhall be conducted by the Chairman or
the RSU and shall be subject to the eventual approval of the Cormittee,
In the adbsence of these two individuals, those persons deputized (see
Appendix A) may serve in tneir place,

1. Responsidbilities of the Radfation Safety Committee (RSC)

a. Review an¢ approve or disapprove applications for the
use of radionuclides within the AWBERC and keep records
of such actions,

b, Prescribe special conditiors that may be necessary for
the safe handling of radionuclides, including additional
training, dusignations of limited areas of use, proper
disposal methods, and procedures to be,



followed for spills or other radiation accidents.

‘e, Receive and review periodic ana/or urgent reports of the
RSO regardiny:

« Resylts of area monitoring

Personnel exposures as measured by suitable dosimeters

« Accidents 1n nandliny, storage, or use of radionuc)ides

« Records of radionuclide procurement and disposa)

£ LD PO+

d. Take remeaial action if safe procedures are not being
practiced where an fonizing radiation hazard exists or if
*these procedures are not in compliance with NAC regulations,

e, Keep Laboratory Directors and radionuclide users advised
of current ryles and recommendations of the various
government agencies concerned with radiation protection
and the safe uyse of radionucliges,

8., Ragfation Safety Officer (RSQ) or Ueputy Radiation Safety
Officer (DKSJ)

Whenever the Ragiation Safety Officer or RSO 15 mentioned in
this manual, 1t 1s assumed to mean the Radiation Sefety Ufficer
or his designate,

The KSU will bde responsidle to the RSC for:

l. Compiling ang d1sseminating information on radiation safety
and healtn physics to users,

2. Lomsulting with users of ionfzing radiation and yiving advice
concerning radiological safety,

3, Preparing all NRC license applications ang state and municie
pal registrations for the AWBERC,

4, Reviewing all proposals for uses of 1onizinyg radiation in=
c¢luding radionuclides and external sources of radiation,
e.y., Xerays, accelerators, etc,

5. Urdering, receiviny and recording all radionuclides ana
maintaining all records pertinent thereto,

6. Maintaininy personnel exposure records and providing
personnel and area monitoring, including film badge
service,




C.

8.

9.

10,
1L

12,

13.

14,

15,

Suspenaing immediately any operation causing a
significant ragfation hazard,

Performing routine and special raaiation surveys as
deemed necessary for radiation safety.

Approving construction and remodeling of all facilities
intended for radionuclide or other ionizing radfation
use,

Supervising disposal of all raaioactive waste.
Administering the Radiation Safety Program,

Making courses availadble for training persons in the
safe use of radionuclides and radiationeproducing
gevices,

Supervising calibration and naintenance of instruments
used in the Radiation Safety Progranm,

Supervising decontamination and preventing tne spread of
contamination in case of accigehts,

Notifying NRC and other agencies as required.

Deputy Radiation Safety Officer(s) (ORSQ)

Routine operation of tne Radiation Safety Preyram under the
supervision of the RSO,

Principal Investigators (Approved lsers)

N
an

2.

3.

5.

Compliance with the rules given in the AWBREC Radiation
Safety Manual and compliance with NRC regyulations,

Ensure that personnel under their supervision have
received sufficient training, as determined Dy tne RSO,
to use radioactive materials safely.

Maintenence of all required records of receipt, use,
storage, survey and disposal of all forms of ionizing
radgiation,

Adeyuate planniny of an experiment or procedure to
assure tnat safety precautions are taren.

Communication of pertinent information to the RSO (witn
respect to) on changes in operationai procedures, new
technices, alterations in the physical plant, or new
operations wnich mignt lead to increased personnel

-




6.

8.

\Xposure or contamination levels fa the lavsratory or
the enviranment,

Oiraction of personne! under their supervision to comply
v all recommendation: to wear personnel monitoring

v oo 98, Longuct routine survays in ladoratory areas,
st of rands and clothing, and submit to biological
testing as requirsd,

Limit the use (7 sources to those perscnnel over whom
he has supervision,

Ensure that all s;pills and accidents are reyorted
immedtately to the RSO,

individual Ue1~s and Technic: 'ns

Each person who has any contact w'th any sourcas of 1oniziny
radiation has the responsidility to:

l.

2.

Keep his exposure ta radiation at the lowest practicable
level and speciiizally Helow the maximun pemmissinis
Timit l1isted in th? Radiation Safr .y Manual or its
appendices,

Wear the recommended raadiation detes”0.s suc~ s filnm
bagyes, ionization champers, and/or them alumi escent
dosimeters ‘TLD) fos personnel,

Survey nands, shoes, body, ana clothiny as ne- =d for
redioactivity. Carry out decontamination procedures
as needed, Consult the KSU if necessary,

Use all agpropriate protective measures which may
incluge protective clothing, resuiratary protection,
ventilated and shielc2d glove boxes and nhoods,

Uo not eat, drink. smoke, or store food or deverages in
3dreas where radionuclides are uszed ar stored.

No not pipette radicactive materials by mouth,

Crecx work areas daily or after each radionu.lidle
procadure for zontar aation,

Maintain ¢ood housekeeping practices in the laboratory,

Maintain yood personal hygiens,




10,

1.

12,

Label =adiation eguipment and seyreyate radiation waste
and equipment to avoid cross contamination,

Report details ¢f any spill or other accident involving
radiocactivity immediatel to the RSO,

Conduct decontamination procedures as supervised by the
RSO,

Il. REQUIKEMENTS FUR THE USE UF RADIUNUCLINES

A, General Regulations

No person shall yse witnin, briny into, or remove from the
AWBERC any radiractive material or radiation equipment
without authorization from the RSC, The authorization snall
be specified in the permit issued by the RSC, Ffxceptions
may be made fov tre short-term use of very iow "o els of
radicactive materials, dut only afier consultation with

and 3pproval by the RSO,

8. Personnel

l.

2,

Prin~ipal [nvestigator

The Research investigyator shall sudbmit an Application
tor Users of Radionuclides (see Appendix M) which
requests information reyaraing tne proposed r~esearch,
the facility where the work is to be done, the

researcrers ' experience in the safe hanaling of

ragiction, etc, Tne investigator shall acknowledye
receipt of a Ragiation Safety Manual and shall
demonstrite know'~-“je of radiation handling procedures
anrd safety precautions dy signing a form certifying inat
he has read the Manual (see Ypperdix J), The
investigator snall assure adequate trainisny of his
personnel through the completion of the radiation safety
course arranged dy the RSU ar equivalent, and also fis
responsidle for al) records required by the RSU, The
training must de completed before an individua) may use
racdioactivity,

All personnel invulved in the project shall reac and he
responsidble for an understanding of the contents of the
Rauiation Safety Manuai, Thev are jointly responsidle
with the principal investigatur for their training in
radiation safety and ralionuclide hanuling procedures
and for any violation of radiation safety rules in the
laboratory.

C. Laboratories for Ragionuclide Work

l.

Floors - smootn ang cont inuous surfaces are preferred,

2



2, wWalls, cetlings, ana woodwork « jurfaces shoula oe
nonporous and washabdle,

3. Ventilation - laboraturies with more than 10 microcuries
of ragionuclices should have hooas with face velocities
of at lTeast 100 lineal feet per minute, Documentation
of adequate air flow snall de provided by the
investiyator annually,

4. Equipment - suitadle survey ang persunnel monityring
equipment for the activity, type and level, snall de
avatlanle,

8. Benches - surfaces are required to be smooth and
nonporcus with no sharp corners, Absorbent paper
should be used.

§. MHonitoring - appropriate to the radionuclidels) used
shall ne carried oyt as reguired dy tne RS0 and/or
principal investigator,

111, PRUCUREMENT UF RADIOMUCLIDES

Procedures for the procurement of radionuclides is as follows:

A,

Obtain an Application for Users of Radionuclides, Form
EPA-295 (Appendix H), from the RSU or the PSU Ofticer,
Complete the for. filling out parts A and B8 as appropriate.
(A giscussion with the RSQU or nis Deputy at this time 1§
cften helpful,)

Return the Application to the PSU or tne RSU fur review Dy
the RSC, If aporoved, it wi)] be stamped with the “Raaio-
nurlige Approved." yivea a number, and a protocouy
returnet to the approved user for filing, [f not approves,
the RSV or nis geputy will contact the applicant with

with sugyestiuns for a revised protocol if appropriate,

when tne Application has deen approved, tie investiyator's
name s placed on the approved purcnaser 1ist fcr radice-
nucliges, Wne) the investigyator receives the pnotucopy of
nis approved Application, he may purchase the appropriate
radionuclide hy:

1. Frlling out a standard purchase order reguisition,
The mailiny address for the radicactive materials shoulq
De to the Radiation Safety Office., The name of the
principal ‘nvestiyator shall be on the reguisition,

10




Iv,

2. Forwaraing the requisition to the Program Safety Officer
RSO for the approval signature, The Proyram Safety
Officer will review the purchase request and
dpprove/cisapyrove before sending to the RSO, (The
Purchasing Department will not honor a request for
ragioactive material without the approval signature on
the form,) The RSO receives the material for radiation
monitoring to fnsure its safety before to use Dy the
investigatar,

The investigator or nis department is then not!fied and he
or his assistant may sign for the material at the Ragiation
Safety Uffice,

wnen signing for the radionuclide, tne person odbtaining it
will also receive an lsotope Use Record (Appenaix E)

to maintain as the material is used., Wnen the last of the
the material 1s used or aisposed, this recard is then re-

turnad to the RSO,

Procurenent of instruments that have seales sources
(zhromatoyrapns, etc, shall be approved by the RSO who shall
D kept aware of the status of that instrument),

STORASE UF RADIONUCLIDES

A,

Liguids ana Soliags

All stored radiocactive material shall be clearly ladeles at
all times giving radionuclide(s) chemical form, the activity
(aisinteyration rate), the date of activity, ang the name of
the responsible investigatsr,

Storage sites for larye amounts of radiocactive materials
should be as remote from occupted areas as practicadle, or
Surrgunded by adequate snieldiny, Backyround radiation in
unrestricted areas should be such that individuals
continuously in these areas will no% receive a dose in
excess of 2 millivems (20 microsieverts) in any one hour, or
100 milltrens (1 milligsievart) in any seven consecutive
days. wWhole hoay exposure in unrestricted areas snall be
Such cnat any individual will not receive a dose in excess
2f 0.5 rems (500 mrem or § millisieverts) in any one
calendar year, These dose levels also apply to persons in
aajoining rooms as well as those on floors above and below.
The storaye place should de chosen $o as %o minimize risk
from fire, and should be provided with a suitadle means of
exit, Storage areas snall pe well marked with “Caution «
Ragioactive Materials” and “"Caution - Radiation Area" siyns
where applicanle, The name and phone number of the
respons‘o’g person, the RSU and the DRSO snhall be posted in
2 conspicuous [lace near the area.




g, Gases

The storage requirements listea in Section [V, A, apply as
well as the following: radioactive solutions that emit gases
shall he labeled and kept in approved hoods which are proe
videa with filters and have adequate ventilation (100 lineal
feet per minute,) Quantities of materials shall be kept to

3 Minimum, For maximum permissidle concentration in air,
consult RSO,

V. RADIATION PROTECTION MEASURES

A, External Exposure

The dasic protective measures %o reduce radiation exposure
are time, distance, and shielding, In every situation these
three factors must de considered jointly, Althougn, snielding
is desirable in reducing exposure, 4o not overlook that doiny
the Job 1n less time can be just as effective as increasing
the shielding, working twice as far from a point source 1§
as effective as doing the job in one-fourth the time, Cone
tinuous use of monitoring equipment is the best method of
evaluating the hazara and reducing the radiation exposure,
Every use of radionuclides may constitute an external hazard,
and an appropriate monitor shall be available during tnese
operations,

Internal Contamination

The prevention of internal exposure is more exacting and
less easily achieved than is protection from external
exposure, The maximum permijsidle levels of radioactive
contamination in the air or on laboratory surfaces are often
of sucn a low level that they cannot de detec’ed with
ordinary survey instruments, If low level contamination is
suspected (anytime there is a spill), contact the RSO for a
survey of surface ana/or air contamination, The yeneral
policy for workiny with radionuc)ides is to use such equipe
ment and procedures which will most reduce tne prodability
of ingestion or inhalation of ragionuclides into the body.
Qutiined below are yeneral rules and procedures for this

_purpose:

1. Eatinyg, drinking, smokinyg, or other Lodacco use, use of
cosmetics, and the storage of edidbles are not permitted
in laborstories or rooms where radioactive materials are
used or storedq,

2, Solutions shall not be pipetted Dy mouth,




Protective clothing appropriate to wurking conditions
snall be worn, A laboratory coat and gyloves are the
minimun protective clothinyg to be worn, Monitor
clothing before leavirg an area where radiocactive
materials are nandles, CUNTAMINATED CLOTHING SHALL NCT
8E WORN QUTSIDE THE LASORATORY, 1.e., in offices,
counting rooms, etc, MNEVEX WEAX LABORATORY COATS to the
cafeteria or public areas such as the auditorium,
liprary, conference rooms, etc,

Wash hands thoroughly before leaving the laboratory,

If contamination is suspected, all work shall de nalted
immediately and the RSO contacted to evaluate the
condition and give advice,

All injuries shall be monitored to determine possinle
contamination if contamination exists, call tne RSO at
once,

Special protection is required for wounds so as to
prevent the entry of radioactive materials.,

Waterproof adhesive tape snhould seal any [other]

andaging.

Everytning in tne room snall be considered contaminated
and should be monitored defore removing from the room,

A1l persons issuea amonitoring equipmen: (film badges,
etc,) shal) wear the issued equipment at all times when
in or near the radiation areas, They shal, not wear
them home, The badges shall be stored in a
ragiation-free area,

A1l persons working with ragioactive matertals snall de
aware of radiation safety procedures, The principal
investigator is responsidble for seeing that his workers
have been properly trained and have read, understand, and
are familiar with this "Radiation Safety Manual,"

Rgdfoactive material shall be used and stored in a way
which prevents unautnorized access,

A1)l containers for radioactive material shall be
properly labeled (per 10 CFR, part 20 and Section [V, A
of this manual),

Individuals involved in operations which utilize at any

one time more than 100 mCi of tritium in a noncon-
tained furm, (other than metallic foil) snall nave
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c.

L\I

pioassays performed within 1 weex following a single
operation, and at weekly intervals for continueous
operations, Tritium shall not De used in such a manner
as to cause any individual to receive a radiation
exposure such that urinary excretion rates exceed 23 uCi
of tritium per liter, when averaged over a calendar
quarter,

Handlinyg Procedures

1.

2.

3.

5.

Radioactive materials are to be handled only by persons
whose training has been approved by the RSD and who are
aware of the hazards of the material,

The shipping container snall be opened and treated as
though it were contaminated inside until monitoring to
prove differently,

wnen hangling radiocactive material (exceyt in ihe
shipping container) personnel snall wear protective
Jloves, use snieldiny when necessary, ana work on a
surface covered with abdbsorbent paper or eguivalent
material,

Remote hangliny equipment should de used when the
external radiation of a container exceeds 3¥mR/nr at |l
centimeter (maximum permissidle exposure rate to hanas
and forearms fur a dU-nour week),

To reduce the risk of spills to & minimum

a. Use doudble containers

5. Use protective covering and lids

¢. Use unbreakable containers to store radionuclides

d, Use caution in transfers; try a “ary run" without
using ragioactive materials

e, Use glove box for dusty materials
f. Use mechanical pipettors; never pipette Dy mouth

g. Use absorbent paper or equivalent to cover work
surface to contain any poss'ble spill

Good Housekeeping Habits

much of the job of preventiny the spread of contamination |
a matter of Qood housex~sping.



€.

l. Keep the ladoratory neat and clean, Keep the work area
free of equipment and materials not ‘required for the
immediate procedure,

2. MWear rubbder or plastic gloves when handling radioactive
material,

3. Wasr hands ang arms thoroughly before handling any
object which goes to the mouth, nose, or eyes, Monitor
the hands wnenever contamination 1s suspected and
decontaminate immediately.

4. Keep fingernails short and clean, Do not work with
radioactive materials if there 1s 3 break in the s«kin
delow the wrist unless the wound 15 s0 protected that
radioactive materials cannot gain access to the dody,
Cover the dreak with tape (waterproof) ang wear rudber
g] oves.,

restriction and Ladeliny of Radiation Areas

All radiation areas shall be properly labeled and restricted
to authorized personne! only, The desiyn of the radiation
symbol 1§ given in Title 17, Section 20,203, of the Coce

of Federal Reyulations, A sign dbearing the radiation
caution symdol and the words “Caution Hign Radiation Area"
snall de posted 1n such an area where a major portion of

the dody coula recefve in any 1 hour a dose in excess of

100 millirems (1 millisievert), A sign bearing the ragiae
tion caution symbol dand the words “Caution Radgiation Area"
snall de posted when tne level 1n such an area 17 such that
a majnr portion of the body could receive in any 1 hour a
dose in excess of § millirems (50 microsieverts), A sign
bearing the radiation caution symbol and the words “Caue-
tion Airdorne Radioactivity Area™ snall de posted wnhen any
any room, enclosure, or operating area in which airporne
radioactive materials exist in concentrations in radio-

tion excess of the amounts specified in Appendix B of U

CFR 20, Table 1, Column 1, A sign dearing the radiation
caution symdbol and tne words “Caution Radioactive Materials”
shal) oe displayea on each container in which 1s transportead,
stored, or used a quantity of any licensed material yreater
than the quantity of such material specified in Appendix C
of 10 CFR 20,

Form NRC-3 "Notice to Employees” (see Appendix D) shall de
posted in a sufficient nunber of places in every
establishment where employees are enyagyed in activities
Ticensed by the NRC to permit them to ohserve this Notice on
the way %o ana from their place of work,

i5




F. Monitoring and Survey

Each person is responsidle for monitoring his personal
¢lothing, shoes, and laboratory equipment, Each laboratory
and/or special project is responsidle for providing
appropriate survey devices and naving tiem calidrated
annually.

1. Personnel Monitoring
a. Film Badges

Any person who is likely to receive 25 percent of the
maximum permissidle dose (i.e., 25 millirems [280
microsieverts] per week averaged over 13 consecutive
weeks) shall be issued a film badge,

b, Pocket Dosimeters (chamders)

Personne] working with any source of radiation where
a daily exposure of more than 20 millirems (200
microsieverts) is probable should wear a pocket
¢chamber., As a rule of tnumb, 1f the raaiation level
exceeds 100 mR/nr at any point (Hign Radiation Area),
pocket chambers are callea for,

C. Survey Meters

Every radionuclide ladoratory shall have a workin
survey meter availadle, u5ua{1y of the GC1QQP-MUQr1OP
type. Personnel in the laboratories shall use tnis
instrument to check for contamination ana for such
routine use as:

1. Checkinyg ladoratory surfaces, glassware, and
tools for beta-gamma contamination,

2. Cnecking hands, shoes, and clothiny,

3, Measuring the ragiation level from low level
sources (less than 20 millirems per hour),

d. It is difficult to survey laboratory areas where
low-eneryy deta emitters (such as 14C, 3H, etc.)
are used. Filter paper or cotton swad wipes must de
taken in these areas and the wires counted in a
proper instrument (such as liruid scintillation
counters ).




2.

Laooratory Monitoring and Survey

Surveys - Wipe tests snall be taken and recorded as
ayreed in tne Application for Use of Radionuclides

_ Form (see Appendix H) between inspections by the RSO,

Ff.quinC{ of the wiye tests depends upon amounts of
radionuclide used, relative hazard of tne radionuclige,
the type of experiment conducted and whenever contami-
nation or a spill is suspected., The user snall perform
a survey via wipe test of ladoratories where licensed
material is used in unsealed forms at least monthly
during periods of use. Periogic inspection of the
radionuclide ladoratories sn>11 be conducted hy the

RSO, The RSV shall nave a floor plan of each laocoras
tory. During the periodic c¢reckup, the KSO may recora
on this floor plan dose rates at various points such as
sinks, lad tadbles, hoods, and handling equipment using
the appropriate survey meter, Also recorded on this
floor plan wil)l be the wipe tests of the most freguently
ysed areas., Wipes will be made with a piece of moistened
filter paper or swad and depending on the type of source
present, counted for contamination, )

Sampling of air may be performed by the RSU in various
areas in which radionuclides are bdeiny used as needed,
Tritium concentration in the air will bDe monitored near
tritiumelabeling experimental setups 1f 1t 15 pussinle
for concentration to exceed limits in Tanle 1, Column 1,
Appendix 8, 10 CFR 20,

Al) potentially exposed personnel involved in
tritiumeladeling procedures will be subjected %0 2
reyular program for urinary monitoring as follows:

Total Quantity of Freguency of Use Frequency of Bioassy
Tritium lised

10 mCi « 100 mCi within 6§ montns within 6 months
100 m»Ci - 3 Ct weekly - 3 months weekly - 3 montns
3 Ci or higher daily = weecly daily - weedly

wnen radiochemical procedures using 1odine-12% or 131
are performed, thyroid counting of personnel involvea
(otners from the ladboratory may also be counted as
controls) snall pe performea within 3 days after
fodinition 1f 2 millicuries or more of iodine are used,

Animal Room Monitoring

[t yamma-emitting radionuclides are administerea to

1?




animals, tne room 1n which the animals are nousea shoula
be labeled with a “Caution Ragiation Area" sign,
Perioaic monitoring of the animals will be made by the
persannel working 1n tne laboratory at intervals
specifiea by the RSU, Exposure rates should be measured
and recorded at a distance of 1 foot from the animals,
at the initiation of each new experiment, If the
exposure rate at 1 foot is greater tnan 2,25 millirems
per hour, contact the RSO,

Calibration of Survey Meters

All survey meters and pocket dosimeters used routinely in
the Radiation Safety Proyram snall be calidbrated at least
once every year, Upon completion of the calidration, an
instrument calidbration record will be posted on the survey
meter ingicating the date of calidration, The user wil) de
responsidle for maintaining the calidration at intervals not
exceeding 1 year,

H, Permissible Exposures

The maximum permissinle dose for a reaiation worker 1s 5 rems
per year (50 millisieverts per year) or 10U millirems per
weex [l millisievert per week),

The maxinum permissible averaye body durden of radionuc)ides
tor persons outside of the controlled area and attributadle
.2 the operations within the controlled area snall not
exceed gne-tenth of tnat for ¢ ragiation worker, 0.5 ren per
year (v,e,, S millisieverts) or 10 m1lirems per week (100
microsieverts),

Persons under 18 years of age shall not be occupationally
exposed to ionizing radfation, Their yearly exposure shal)
not exceea U,1 ren (1 millisievert) per year from education
activities, A special policy has been adopted for students
(see Appenaix L),

NO one without proper training shall de allowed to transport
or handle other types of radiocactive materials, such as
sealed sources, radivactive phantoms and standards,

Students over 18 years of age shall not receive doses
exceeding 0,5 rem (5 millisieverts) per year in aaddition to
natural backyrourd and medical exposures (see NCRP Reports
32 and 39), unless they are also occupational workers,

The AWBERL i1s committed to the ALARA PRINCIPLE, i1.,e., to
keeping individual and collective exposure AS LOw AS
REASONABLY ACHIEVABLE,
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Female wWorkers

1. Al)l female workers of c¢hildbearing agye shall de advised
by the supervisor apout the potential hazard of
rediation to the developing human fetus defore deginning
work with radionuclides nr Xeray producing equipment,’
whetner preynant or not (see Appendix K),

It is the responsidility of any female radiation worker
to notify ner supervisor whenever she suspects tnat she
is pregnant,

The exposurg during pregnancy is limited to 0.5 rem (3
millisieverts) on the film badyge as a whole Dody d0s2,

Tne RSO should de advised as to the expected date of
gelivery, which shall de treated as a configential
medical commynication,

Information concerning possidle nealtn risks to chilaren of
women who are cxposed to radiation Auring pregnancy is
founda in Appendix K,

Contaminated Equipment
1. Definition:

Radioactive contamination is defined as the deposition
of radioactive material in any place where it 1s not
desired and particularly in any place wnere presence may
pe harmfyul, Contaminated equipment snall not bde used
again until properly decontaminated (see Section viil).

Decontanination Procedures:

Equipment tnat may de reused should de decontaminated,
See Section VIII Decontamination Procedures. Contami-
nated eyuipment no longer of any use may be discarded in
a disposal drum, Request assistance from the RSU.

Instructions for Visitors

Al)l protection measures pertinent to personnel satety
mentioned above section shall apply to all visitors, MNo
visitors shall be permitted in any laboratory using a
ragiation source unless accompanied by a qualified individe
sal familiar with tne nazards involved, All visitors snall
snall be issued a personnel monitoring device when they enter
an area in wnich radioactive materials are located in such
amounts that they constitute a potential personnel hazard of
increase the possinility for spread of contamination, ACcumu-
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lated doses shall ne recorded for the visitor alony with
the individual's nar:, social security number, aye,
dddress,~and this information sent in a written memo randum
to the RSO to be kept on file,

V1. DISPOSAL

Records of the amounts in microcuries of all radionucliace
disposals must be maintained (see Appendix E). Disposal
procedures for drums are subject to chanye and current
requirenents may be obtained from the RSO, Radionuc)ides
At the AWBEKC are disposed of in the following manner:

A, Decay

If the radionuclide 1s snort lived, it My be stored until
the activity has decayed to aporoximate background levels,
(Usually less than 0,1 millirum per hour with no snielding,)
If the nalfalife is yreater than 30 days, this method becomes
impractical,

8., Ligquid Disposal
l. Sewer Disposa)

If tne ragionuclice is readily soludble or dispersidle in
water, 1t may be flusned down the drain provided the
concentration 1s delow the maximum permissinle leveis.
An assay shal) de made to determine L.e exact amounts of
activity present ana the dilution necessary, See
Appendix C for the maximum permissihle discharge of some
ragivactive materials into an authorizea aisposal sink,
Only sinks designated as ditposal sinks shall be used
or ragionuciide disposal,

2. Nonsewer Disposal

[T a liguid waste cannot be disposed of by the sewer
method, 1t may be disposed of by a commercial disposer

in comyliance with NRC reyulations, Check with thne RSU
for current acceptadle procedures fur drum disposal of
Fedioactive waste, No liquids shall de poureg directly
fnto a disposal drum, It may also be precipitated or
evaporeted and treated as 3 solid waste, Care should de
taken in handling dry material (i.e., dust) to pravent

air contamination, Or, the waste ligquid can de stored

in a properly fdentified 1iquid waste container to be dise
posed of hy the RSO, A drum not properly packed cannot de
accepted fur shipment and disposal,




A Radioactive Waste Container Log Form, (Appenaix [)
shall de kept for all radicactive disposal drums, [f
the drum contains 1iquids, there snall de enough
absorbent material in the drum to absord TWICE the
amount of liquid present,

C. Ingineration

Combustitle material containing radionuclides may bde
incinerated in the Animal Wing Incinerator only if the
concentrations in effluent to unrestricted dareas are not in
excess of the limits specified in Appendix 8 of 10 CFR 20,
Tadble Il. (See Appendix F of this manual,)

All animals, excreta, and other material containing
redionuclides that are to be ingcinerated shall de cuntained
in a plastic bag and shall be clearly ladeled with ladoratory
1ocetion, personnel in charge, the radionyclige contained
therein, the amount in microcuries of the radionuclide, and
thne date when this amount was present, The pernissinle
concentrations in efflyents to unrestricted areas for tne
incinerator in aicrocuries per hour durning time are given
in Appendix F, A record of the amounts, in microcuries, of
all radionucliges incinerated myst be maintainea, The
Incineration Record Form (Form EPAL200) 1s shown in Appenaix
G. This record is kept by personnel gperating the
incinerator,

Je Solig Wastes

All dry solid wastes should be stored 1n steel waste cans or
drums to be shipped to a disposal agency, The laboratories
which produce $olid waste should have provisions for
temporary storage, Check with the RSJ for current acceptadle
procedures for drum disposal of radioactive waste,

EMERGENCY PROCEDURES

Emeryencies resulting from accidents in ladboratories working
with radfoactive materials will range from simple spills of
small amounts of radiocsctive materfals, where no serious
contamination problem results, to major disasters occurring from
many causes, Correspondingly, tne hazards resulting from such
accidents will cover tne range of situations from no hazard

to very serious situations involving extreme radiation hazards
and possidle bodily injury, In view of the complicating
factors tnat may 4rise during such emeryencies,

simple rules of procedure cannot be set down covering all
situations of radiation aanyer, However, in any emergency,
primary concern must always be the protection of laborator
personne] from radiation hazards, EZcona Should be the
confinement of the contamination to the local area of lie
3CCTdent Lo the greatest Jeyree possivle,
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A, Whom 2o Call and When

In the event of an emergency or a suspected emeryency, e.g.,
spills, boatly injury, fire, etc., the RSO or other person

on the Raadfation Safety Committee snall de notified immediates
ly. (see Appendix 4), In additinn, each laboratory srall post
the location of the nearest fire alarm and phone numder of the
fire department and a copy of Appendix A,

d. Lost Sources
In the event any significant quantity of radioactive
material is lost, notify all personnel in the lab area or
dbutlaing 1f necessary, Evacuate the area if necessary,
Contact the RSO at once and request consultation and survey,
Co Minor Spills Involving No Raatation Mazard tu Personnel

l. Notify all other persons in the room at once and confine
them neardy until monitoring can de cumpleted,

2, Control/cortain air movement and seal area,
3, Notify the RSO immediately,

4, Permit only the minimum number of persons necessary to
deal with the spill in the area,

5% Confine the spill immediately,

a, Liguia Spills: Uon protective gloves, lab coat (or the
equivalent), and shoe covers if necessary, Collect spill
on absorbent paper,

. Ory Spills: Don protective gloves, 1ad coat (or the
equivalent), and shoe covers, Dampen dry radiocactive
material witn water, taking care not to spread the cone
tamination or create an airporne hazard, Then the material
can be either scooped up or, 1f soluble in water, collected
on absordent material,

6. Decontaminate (see Section VII, ¥),

7. Monitor all persons involved in the 3pill and cleaning,
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3, Permit no persons %o resume work in the area until 3
survey is made and approval of the RSO is obtained.

9. Prepare a compiete history of the accident and
subsqucnt actt.ity related thereto for the RSO ang
. the RSC,

0, Major Spills Involving Ragiation Hazara to Personnel
1. Notify all persons to vacate the room at once.
2. Confine the spill to as small an area as practicabie,

3. If the spill is on the skin, flush thoroughly, Contain
washings, if possidle, for evaluation of contamination
levels,

4, If the spill is on tne clotning, discard outer or
protective clothing at once and place in a plastic bag.

§, If possible, switch off all fans and air conditioners if
the ventilation system could spread the contamination
to other areas, If the ventilation system )eads
girectly to the outdoors, it may De more advantageous to
Teave the system on to reduce airdorne levels witnin the
room, Where nign levels of activity are to be handled,
these controls or auxiliary controls should de outside
of the work room,

6, VYacate the room,
7. Notify the RS) immediately.

3. Take immeaiate steps to decontaminate personnel invoived
as necessary,

3, Decontaminate area under supervision of RSJ (personne!
involved in decontamination must be adequately protected).

U, Monitar all persons involved in the spill ana cleaning
to determine adequacy of decontamination,

11. Permit ng yersons to resume work in the area until a
survey 1s made ang approval of the RSO 1s obtained,

12, Prepare a complete history of the accident and
subsequent activity related thereto for the R30 and the
RSC,
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€. Accidents [nvolving Radioactive Dusts, Mists, Fumes, Organic
vapors and Gases

1. HKold opreath, switch off air circulating devices, etc.,
if time permits and controls are in the room,

2. Vacate the room,
3. Notify tnhe RSO immediately.

4, Close and seal all doors, Post conspicuous warning
signs.

Report to the RSO all known or suspected innalations of
radioactive materials at once., Monicor all persons
suspected of contamination,

Determine the cause of contamination,

Evalyate the nazard and the necessary safety devices for
safe re-entry,

Decontaminate the area under supervision of the RSU,

Perform air survey of the area defore permitting work to
resune,

Prepare a complete history of the accident and
subsequent activity related thereto for the RSO and the
RSC.

F. Injuries to Personnel Involving Radiation Hazarg

1. Wash minor wounds immediately, under running water,
while spreadging the edyes of the wound,

2. Report all radiation accidents to personnel (wounas,
over-exposure, ingestion, innalation) to the RSO
immediately,

Tne University of Cincinnati Hospital Emergency Medicine
Departinent should be contacted,

No person involved in a radiation inyury shall return to
work without the approval of the RSU and the attending
physician,

Prepare a complete history of the accident and
subseyuent activity related thereto for the RSO anag the
RSC,







2. Ragiation Protection Guide Levels of Contamination

« The maximum 1imits of contamination generally allowed

are:
Skin and Hands: alpha -« 150 dpm/100 em2
heta' and gamma - 0,3 millirems per hour
/100 em2
Clothing: The maxinum limits are the same
as those for skin ana hangs,
Glassware: The maximum 1imits for ylassware

that i1s handled with bare hands are
the same as those for skin and
hands.,

Laboratory Touls:  Tne maximum limits for laboratory
tools that are handled with the bare
hands are the same as those for skin
and hanas,

There may he some instances when these levels cannot he
attained using routine decontamination procedures., In
these cases, the RSU should be coAsulted,

3. Develop a Plan

Successful decontanmination calls for planned action,
Although speed is desiracle, a spur-of-the-moment action
at decontamination can cause more harm than yooa, After
a spil) has been confined, make a thorough plan of the
steps to be taken in the decontamination procedure,

4, Monitoriny

Make full use of instruments and available assistance,
Each step of aecontamination should be monitored, One
person should be kept clean (not contaminated) t¢
operate the instruments and aid in monitoring, When the
instruments become contaminated, it 1s not possidble to
obtain additional accurate information, Protective
clothing, footwear, gloves, and respiratory masks should
be used as needed,

§. Recoras

Complete records should be made of all activities, Tape
recorders and instant cameras are useful in assemdliny
the necessary information, Reports shoula be filea with
the KSU, In most cases, the RSO will be involved so that
a joint report can be fileq,
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6., Provisions must be mace for the proper disposal of
contaminated cleaniny solutions and other contaminated
articles. In some instances, it may be judged Detter to
dispose of a contaminatec article as radioactive waste
rather than to attempt to decontaminate it,

Specific Procedures

Where possidble, the preferred decontamination agent is
listea first, (see next page).
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CONTAMINATED AREA

Skin and Hands

e . s S A . A D A S A O A B S A A A i S A s it i . i S i i A S S e 2. s A S O Al i e i . i e G

Wounds (cuts and breaks
in the skin)

DECONTAMINAT ING AGENT
Mld soap and water,
if necessary, follow by

soft brush, heavy lather,
and tepid water,

Qt_kgr_ Procedur.e_f:

Commercial products such
as Hadiac Hash or lsoclean.

Running tap water, report

to Medical Officer and
Radiation Safety Officer
as socn as possible,

REMARKS

e —— ————— . ——— T ———————. - . ———— . ——— . -

Wash 2-3 min, and monitor
S50 not wash over 3-4 min,

Use light pressure with heavy
lather. Uash for 2 min, 3
times. Rinse and monitor, lUse
care not Lo scratch or erode
skin, Apply lanolin or hand
crean to prevent chapping,

Follow instructions on con-
tainer, Use care not to
scratch or erode the skin,

Consult with Radiation Safety
Uffice for other recommendation

Hash the wound with large volums
of running water immediately
(within 15 sec), Spread the

of the wound to permit flushing
action by the water,

e i il - A - S e sl S D SO, W S Al i A il e FEA N i st Al -l S 0 i B s . i e s il ety i el e e

irhalaticon and Ingestion

Consult Radiation Safety
Uffice immediately,

e . e A e el . . O, S el e A D A Al A P . R S . i D 03 A o A A e i i . i S, 25




oo CONTAMINATED MREA  _ VECOMTAWINATING AGENT REWARKS
Clothing Hash - if levels permit Use standard laundering
procedures. 3% EOTA or
citric acid may be added
LO was water,

Hash water must be below
MPL for sewer dsiposal.

See rubber and leather under Store To allow for decay if
specific materials contamination is short-
Tived,

Disposal Treat as solid radio-
activer waste if
necessary.

-~ —
Glassware Soap ~r detergent and water Monitor wash water and

plan disposail of it,
Isoclean Soak 24-48 hours.,

Chromic acid cleaning solution Monitor wash water and
plan 4isposal of it,

Suggested Agents Elements Removed
Oxalic Acid, 5% Ir, Nh, Wf,
(caution-poson). .
Versene (EDTA) Alkaline Earth Metals:
5% Sol. ETDA Fe, Mg, Ca, Sr, Ba, Ra,
3% Sel. ‘ﬂ‘ﬂ P as Pﬂ‘.

To nake, dissolve in order:
1) Versene (EDTA), 52
2) Conc, NHgOM., 3% by volume

3) Glacial acetic acid, 51
by volume,




CONTAMINATED AREA DELO™ "TAMTNATING AGENT

Glassware (continued) HCL, '0% by volume

Laboracory Tools NDeteryents and water,
stem cleaning.

Isoclean, Radiacwash

Metal Tools T NS

Dilute nitric acid, 10%
solution of sodium
citrate or ammonium
bifluoride

Isoclean, Radiacwasd

Metal polish, o her abrasive:

REMARKS

Alkali metals, Na, K, Rb.
Cs, and strongly absoroed
metals like Po.

Trivalent metals, Al, Sc,
Y, La, Ce, Pr, Nd, Pm,
Sa, Eu.

Rare farths, Ac, Ga, In,
1 P T
Transition metals, Cu,
In, Fe, Co, Ni, Cd, Sn,
Hg, Pd, Th, U, Ag.

(Always consi:ter the
radioactivity of the
cleaning solution
when disposing of it.)

As a last resort, use HCI
HC1 on stain less steel.

Soak

Such as brass polish
Use caution as these
procedures may spread
contamination,
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CONTAMINATED AREA

Halls, Floors, Benches

Specific Materials

Rubber

Glass, Plastic

Leather

Linoleum

Ceramic Tile

Paint

Brick anc Concrete

Traps and Drains

. ——— - " . 1 ——— ————

Detergents and water with
mechanical action,

Isoclean, Radiacwash

Vacuum ‘eaning.

Washing or dilute HNUO3

See the above s _tion
on ylasswaare

Very difizult to decontaminate,

Kerosene, ammounium citrate,

dilute mineral acids

Mineral acids, armsonium
citrate, trisodium
phosphate.

Yaint remover.

20% HC1 acid solution

1) Flush with water

5‘ g;o r.with r SE remoyer
ak in a solution o

citric acid

4) Flush again

REMARKS

This should be the first
of decontamination tried.

Use mechanical scrubbing
action,

The exhaust of the clear-
er must be fiitered to
prevent escape of con-
tamination,

(Short-lived contami-
be covered up to await
decay.)

Remove and discard as
waste,

Consider removal and

as radiation waste,
*Scrub hot 10% solutie-
into surface and flush
thoroughly with hot
water,

*Usually best to remove
the paint and repaint

*If this is not success-
ful, concrete must be re-
moved or suitably cuvere.

*Follow all 4 steps

*Consult with the RSO
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(1970), IZRP Puplication 13,
Protection Against lonizing Radiation from External Sources, (1969),
ICRP Publicition 15,

Title 10, Chapter 1, CFR, U, S, Nuclear Reyulatory Commission, Rules
and Regulations, Part 19, Notices, Instructions, and Reports to Workers;
Inspections, Part 20, Standards for Protection against Radiation,
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Review of the Current State of Radiation Protection Philosophy,
NCRP Report No, 43

Review of NCKP Radiation Dose Limits for Embryo and Fetus in
Occupationally Exposed Women, NCRP Report No. 53.

Medical Radiation Exposure of Pregnant and Potentially Pregnant
Women, NCRP Report No, 54

Radiaticn Protection - A Guide for Scientists and Physicians by
Jacob Shapiro, 1972.

Radiological Health Handbook - U,S. Department of Health, Education
and Walfare, 1957,

Recommendations of the ICRP, (1977) ICKRP Publications 26,

Conditions and Limitations on the General License Provisions
of 10 CFR 150.20, NUREG-0426.
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[X. RADIATION-PROUUCING APPARATUS

All apparatus producing ‘onizing radiation (such as electron
microscopes, X-ray machines, etc,) is under the control of the
RSO and shall be registered with the office. Periodic surveys of
all radiation-producing equipment and areas in (which these
machines) are located will be conducted by the RSO,

GENERAL CONSINERATIUNS

A. Radiationeproducing apparatus shal) be operated only by a
qualified individu2' or by personnel under the direct
supervision of a qualifred ind.vidual

B. The person using radiation-producing apparatus shall be
classified as a radiation worker (occupationally exposed
individual) and shall wear a personnel monitor.

C. Before radfationeproducing apparatus is put 1nto reyular
use, a complete radiation survey shall be carried out to
insure that the walls and barriers offer sufficient
protection and that the equipment complies with applicable
safety regulations, The radiation checks must incluge all
positions of regular as well as partial occupancy. This
survey snhall also include the evaluation of radiation levels
on the floors above and below and of areas in adjacent struc-
tures, If at any time there are structural changes or re-
locations of equipment, a new survey shall be performed.

O, "Caution - Radiation Area" warning signs shall be posted in
all areas where a person, could receive an exposure in ex-
cess of 5 mren (50 microsieverts) in any 1 nhour or 100 milli-
rems (1 millisievert) in 5 consecutive days. Appropriate
“Higr Radiation Area" warning siyns :thall be posted at the
entrance Jf any area wherein a person could receive an ex-
posure of 10Umrem (1 millisievert) or more in any 1 hour.
In rertain instances, =iher precautions such as locking
Lne entrance to the room and the use of interlocks may be
advised. These additional devices shall be checked period-
ically,

E. All restrictions or recommendations made by the RSU on use-
ing of the radiation-producing apparatus shall be followed,

All reyuiations included in *he "Onio Radiation Protection
standards" (as issued by the Onio Department of Health)
shall apply., MNational Council on Radiation Protection and
Measurements (NCRP) Reports No., 43 (Radiation Protection for
Medical and Allied Health Personnel) and No., 49 (Structural

Rl
-
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Snielding Design and Evaluation for Medica! Use of X ray
and Gamma Rays of Energies Up to 10 MeV) may de use? 2% guide-
lines.

X. SEALED SOURC:3
A1l sealed suurces are under the control of the RSO.

A. The RSC shall approve purchases of sealed sources and stiall
be notified of al) sealed sources brought into the AWBEKRL.
Information shall cover tne followir :

1. Cnemical and physical form of the radioactive source und
its source container.

2, Permanent location

3, Metnod of accountability
4, Method of use

5, Places of use

g, Each beta or yamma emitting sealed source, containing 100
microcuries or more of byproduct material (except tritiun)
with a haif-1ife greater than 30 days shall ve tested
for leakage and/or contamination every 6 months, The test
shall be performed on the sealed source surface or on the
accessible surfaces of the device in which such a snurce is
permanently or semi-permanently mounted. The tests shall be
performed using moistened co%ton applicators or filter
paper, MWipes shall be counted with appropriate scintillation
instrunentation, (i.e., crystal scintillation, liquia
scintillation or gas-flow) to determine radioactivity.
Records of leak test results shall be maintained by the RSU.
These tests shall be performed every six months (every 3
months for alpha emitters, 10 millicuries or larger) and shall
be supervised by the RSU, Servicing, maintenance and repair
of source shall oe performed by commercial source supplier,
supplier.

C. Periodic surveys of a.l1 areas where radium is stored snall
he made by the RSO, Wipe tests shall be made of all radiun
storage containers =very 6 mcnths Dy the Radiatio Cafet,
Office. Unlike %ne other alnna-emitting sources pussessed
by the EPA, rudium is regulated by the State ui Ohio.,
Leakage testing requiremerts for radium differ 7~om those
required by the NRC, Wipe tests of the individual radium
sources shall be made when container wipes indicate nigher
than no~mally observed values. Records shall be kept by the

RSO,




APPEHDIx A

RADIATION SAFETY OFFICER AND DEPUTY

William R, Bury, Ph.D.
Radiation Safaty Officer
5382 Julmar Orive
Cincinnati, Ohio 45238

FTS: 6847269
Coml., 569-7269
Home: 922-4129

Louis W, Lefke, Chairman
Radiation Safety Committee
2743 Shady Hollow Lane
Cincinnati, Ohio 45230

FTS: 56%-7953
Coml: 6&84-7953
Home: 2310806

DEPUTY RADIATION SAFETY OFFICERS IN CASE OF ACCIDENT

Carl T, Rybak

Deputy Radiation Safety Officer
Fealth Effacts Sesearch Laboratory
Cincinnat:, Onin 45268

FTS: €84<7457

Coml, 509«74d57

Home: 271-9229

Christa V. Bercz

Deputy Radiation Safety Offirzr
2812 Saddieback Drive
Cincinati, Ohio 45244

FTS: 5K84-7399

Coml, 569-73%9

Home: 232-3018
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APPENDIX A CONTINUED

AWBERC ENVIRONMENTAL RESEARCH CENTER RADIAT.ON SAFETY COMMITTEE

Louis W, Lefke, Chairman

Water Engineering Research Laboratory
FTS  684-7953

Coml, 569-7953

Harry Kolde

Environmental Monitoring & Support Laboratory
FTS 684-7325

Comi, 569-7325

Carl T, Rybak

Healtnh Effects Research Laboratory
FTS  684-7457

Conl, 569-7457

William R, Bury, °n,0D,

OA, Facilities Management % Services Division
Environnental Research Center

FTS  684-7259

Com), 563-7269

Christa V, Bercz

2812 Saddleback Orive

Cincinnati, Ohio 45244

Home Phone: 232-8018 or 232-800¢

Richard P, Lauch

Water Engineering Research Laboratory
319 Picket Way

Cincinnati, Ohio 45245

Home Phone: 752-1618

Anthony 8. DeAngelo, Ph,D,

Health Effect Research Laboratory
2366 Chickasaw Street
Cincinnatyi, Ohio 45619

Home Phone: 579-8590



APPENDIX B
Units and Definitions

Half-1ife, radicactive - time for the activity of any particular rrgio=
nuclide to be reduced to one-half of its initial value.

High radiation area - means any area accessible to personnel in wh’-h there
ex1sts radiation o~iginating in whole or in parts w'thin ) censed
material at such levels that a majcr portion of the vody could ruceive
in any 1 hour a dose in excess of 100 millirens,

lon - an atom that is electrically charyed because of gain or loss of elec-
trons,

lonization - the production of ions in a material, usually by exposure to
X-r3y or radiations from radiocactive materials,

Irradiation - exposure to radiation,

1sotope - one of several nuclides of the same element, having the same
auclear charye but different nuclear mass.

Linear eneryy transfer (ET) - physical measure for~ cavging the relative
effectiveness of equal abscrbed doses from different particles in
producing injuries, The higher the LET of the radiation, the yreater
the in_u-y produced for a yiven absorbed dos

Maximum permi3sible duse (MPD) - the maximunm dose equ valent that the
body of a person or specific parts thereof shall ¢ permitted to
receive in a stated period of time,

Nuclide - a particular nuclear species characterized by a specific atomic
nurber and mass number, ’

Pocket ionization chamber - a type of personnel monitor activated by radi-
ation producing ions within it,

Qyuliféed ir4ividual - has completed and has had approval (by Radiation
Committee) tLPA-294, “Certification for Use of Radiation.,”

Quality factor (QF) - the factor expressing the relative effectiveness of
a yiven particle based on i*s linear energy transfer (LET),

Rad - a unit of absorbed dose, | rad is 100 erys per yram,
Radiation area - means and area accessible to personnel in w - nere

ex1sts radiation, originating in whole or in part within ansed
material, at such levels that a major portion of the body could
recaive in any 1 hour a dose in excess of S millirems or in any

5 ronsecutive days a dose in excess of 100 millirems,
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APPENDIX 8
Units and Definitions

Absorbed dose - the mean eneryy imparted to matter by ionizing radiation
per unit mass of irradiated matarial at the place of interest., The

unit of absorbed dose is the rad,

Act vity (Radioactive) - the number of radiocactive disintegrations occurring
per unit tim2 in a given quantity of radionuclide, The unit of activie

ty of the curfa, See Curie,

Alpha carticle = ( ) the nucleus of a nelium atom ejected from a radioactive
nucleus when it disinteyrates,

Attenuation - decrease in expc ure rate of radiation caused by passage
through material,

Becquers! (8g) - tne SI (International System of Units) uilt for radio-
activity
= | disinte#ration/second
= 2,7 x 101 curie; to replace currently used curie (Ci).

geta particle - (b) electr_as, pusitive or neuvative, enitied by th2 nucleus
of & radinactive a*um when it 2dici.ieyrates,

Couiomb/kilogram (c/kg) - expression for SI unit of exposure (no special
name given) to replace currentlv used roentgen (R),

~l

Curie - the guantity of any radigactive matarial in whica the numter of
disinteyratinans is 3.7 x 10'0 per second.

Joser equivalent - & quar.ity useeed for radiation protection purposes
thit expresses on a common scale for 211 radiations, the irradiation
incurred by exposed persons, [t is defined as the absorbed dose (red.)
times QF times certain modifyiny factories. The unit of the dose equiva-

lent is the rem,

Exposure - the expasure of X- or yamna radiation at a certain place, based
upon its ability to oroduce ionization., The unit of exposure is tne

roentgen (R!}.

Film badye - 2 pack of appropriate photoyraphic film and filters used to
deternine radiation exposure,

Gamma rays - [ ) electromagnetic radiation like X-rays, emitted by the dis-
integrating radiocactive nucleus, In general, gamma rays are more pene-

Gray (Crj- the 51 unit for ibsorbed dose = 100 rad. = | Joule/kiloyram;
to replace currently used radiation absorbed dose (rad.).



APPENDIX B (con't)
Units and Defimitions

Radiation producing apparatus - apparatus from which electromaynetic
radiation may be emitted as a result of acceleration of particles,

Rem - the unit of dose equivalent, For beta, gamma, and X-ray radiation,
the number of rems may be considered equal to the number of rads or
roentyens,

Restricteed area - any area access to wehich is controlled by the licensee
Tor purposes of protection of indi/iduals from exposure to radia-
tion and radioactive materials, “Restricted area" shall not include
any areas used as residential quarters, although a separat2 room or
rooms in a reisdentia) building may be set apart as a restricted area,

Roentyen - the special xnit of exposure for X- or gamma radiation, One
produces 2.58 x 10% coulombs per kilogram of air,

Shall - denotes that the ensuing recommendation is necessary or essentiaj
to meet the currertly accepted standards or protection,

Should - indicates advisory recommendations that are to be applied when
practicable in the interest of reducing radiation exposure.

Sievert (Sv) - tne Sl unit for dose equivajence = 100 rem = 1 ’aule’
kilogram; to replace currently used unit of dose equivalenze  .a).

Unrestricted area - ¢y area access to wnich is not controlled by the
Ticensee for purposes of protection of individuals from exposure
to radiation and radioactive materials, and any area used for
~ sidential quarters,

Wips test - a test for radioactive contanination in which the suspected
surface or area is wiped with a filter paper (or other substance’
4nicn is then imm~distaly tested for the prosence or radioactivity,
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APPENDIX B (con't)

TABLE OF SI PREFIXES

Factor Prefix and Symbo!l Factor Prefix and Symbol
1018 exa, £ 10°] deci., d
1015 peta, P 10-2 centi, ¢
1012 tera, - 10-3 milli, m
109 giga, G 10-6 micro, u
106 mega, M 10-9 nano, n
103 kilo, k 10-12 pico, p
102 hecto, h 10-15 femto, f
10! deka, da 10-18 atto, a

Conversion from Non-Sl-units to Sl-units

Multiply # of by to obtain # of
to obtain # of by Divide # of
ACTIVITY
Curies (Ci) 3.7 x 1010 becquerels (8q)
Ci 37 GBq
mCi 37 MBq
uCi 37 k8q
EXPOSURE
roentgens (R) 2.58 x 10~4 Coulombs/kilogram (C/kg)
mR 2.58 x 107 C/kg
ABSORBED DOSE
rads (rad) 0.01 grays (Gy)
rad 10 mGy
mrad 10 uGy

DOSE EQUIVALENT

rems (rem) 0.01 sieverts (Sv)
rem 10 mSv
mrem 10 uSv
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APPENDIX ¢

MAXIMUM PERMISSIBLE CONCENTRATIONS OF RADIOISOTOPE
(Water Soluble ang Only in Authorized Disposal Sinks)

Isotope uCi/ml Water
82ar 8x10-3
109¢4 5x1¢-3
45ca 3x10-4
14¢ 2x10-2
141¢ce 3x10-3
360 2x10-3
Sler 5x10-2
57¢o 2x10-2
60¢o 1x10-3
3y 1x10-1
128 4x10°5
131 6x10°5
55fe 2x10-2
59re 2x10-3
S4mn 4x10-3
203g 5x104
63Ni 8x10-4
32p 5x10-4
a2 9x10-3
22Na 1x10-3
85sr x10-3
355 2x10-3

Others Available from Radiation Safety Officer Upon Request.
42



(Actual Notice is twice this size)
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APPENDIX E
ISOTOPE USE RCCORD

CONTAINER
DEPAPTMENT: USER: ACTIVITY DISPOSED:
COMPA2Y : LOT?#: P.0.¢#: DATE DISPOSED:
ISOTOPE: ASSAY: DATE: DISPOSAL METHOD:
(ACTIVITY) RECEIVED
DATE ACTIVITY VOLUME ACTIVITY| VOLUME ' HOW USED | DISPOSAL (ACTIVITY IN EACH)
e REMAIN® REMAIN* USED USED SINK INCIN. DRUM | DECAY

*REMAINING AS OF DATE TNDICATED

This type form will be enclosed with your radioisctope. Please return "completed"
vhen the package has been completely used. You should compiete the heading immediately
after you receive the package.

The upper right hand corner is to be filled in after the original container has
beer. disposed.

For most people this form snould be mor: convenient to use than the older forus.
Starting from the left and going across:

Date: the date of use.
Activity Remaining: the activity left in the container after considering decay

and previous use,
Volume Remaining: the volume of the original material remaining (previous use
should be the only reduction).
Activity Used: the activity used on the date indicated (mav be multiple entrys
for a given date).
Volume Used: the volume used to obtain the required activity.
How Used: e¢3: IP Rat, Sub Cue mouse, Inverto, etc.
Disposal:
' Sink: the total activity that is expected to go down an AUTHORIZED
disposal eink (water soluble orly).
Incinerator: the total expected to go to the incinerator - in Animal
Carcass, Waste paper, etc. (cf. EPA Radiation Safety Hanual)..
Decay: decay from the previous date is applicable (clé decay is not
applicable!) "
Drum: 1liquids MUST BE in inn:v containers (vials, jugs, etc.) and enough
absorbent material in the drum to absorb TWICE the amount of liquid

CPA-298 (Cin)  Present: - .

(4-77)




APPENDIX F

Incinerator Burning Limits

The permissible concentrations in effluents to unrestricted areas for the
énwma« Wing Incinerator in microcuries per hour burning time are given below,
The gencentrations are based on the total air flow for one hour burning time (1.84
107 cm¥) and the concentrations in air above natural background speci€ied in
Appendix B, Table Il of the Federal Register, Title 10, Part 20. Other
concentrations are available from the Radiation Safety Officer.

1SOTOPE *AMOUNT THAT CAN
INCINERATED PER

5
o]
0

~
o] -~

Antimony ('¢ ) 1.28 uCi

Arsenic

32.5 days
2.3 years
13.5 days

30 years
Chlorine (°°(C) . ' 3.2 X 108 years
Chromium (S1cr) e 27.8 days
Cobalt {57¢o) . ‘ 270 days

¢ I~
~

tritium)




APPENDIX F (Continued)

1SOTOPE *AMOUNT THAT CAN BE HALF-LIFE
o m INCINERATED PER HOUR BT
lodine (1257) 0.15 uCi 60 days
(1291) 0.06 uCi 1.6 X 107 years
(1311) 0.21 uCi 8 days
Iron (55Fe) §5.20 uCi 2.94 years
C(59Fe) 3.67 uCi 45 days
Manganese (32Mn) 9.20 uCi 5.6 days
(54Mn) 1.84 uCi 300 days
Mercury (197Hg) 73.60 uCi 65 hours
(2034q) 3.67 uCi 47 days
Nickel (63Ni) 3.67 uCf 125 years
Phosphorus (32p) 3.67 uCi 14.3 days
Potassium (42K) 73.60 uCi 12.7 hours
Rubidium (86Rb) 3.67 uCi | 18.6 days
Silver (111aq) 14.64 uCi 7.5 days
Sodium (22Na) 0.55 uCi 2.6 years
(24Na) 9.20 uCi 15 hours
Strontium (90sr) 0.06 uCi 28 years
Sulfur (355 16.48 uCi 88 days
Yttrium (90y) 5.52 uCi 64.2 hours
Zinc (852n) 3.67 uCi 245 days

*Amounts are also limits for each package.
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APPENDIX H

APPLICATION FOR USE OF RADIONUCLIDES

THIS FORM MUST BE COMPLETED AND APPROVED PRIOR TO PURCHASING
. ENT, THE RADTATION SAFETY OFFICER

PERSONNEL INVOLVED IN THIS EXPERIMENT.

(Please Type)

PART A: PERSONNEL

Principal Investigator: Date:

Laboratory Location: _____Phone No:

If investigator already nas approval by the AWBERC Radiation Safety
Committee to use radioactive material, give the date that approval was
first yiven: . Lf this is the initial application for
use Oof radiocactive material at AUBERC, describe previous experience in
the safe handling of radiation by principal investigator and all other
1nvolved personnel; (incTude names, dates, location, radionuclide(s),
amount of radionuciide(s], t-aining, etc.)

Personnel with no previous experience must enroll in the Radiation
Safety Course. Give The names Gf LNOSE who wiSh to enro,] in the next
rRadiation Safety Course:

IT IS A REQUIREMENT BOTH OF THE EPA AND UF UUR NRC BRUAD LICENSE THAT

| \ -
REDTATTUR SAFETY MANUAL, FATCURE OF YOU OR YUUR PERSONNEL TU LOMPLY
MAY RESULT IN TERMINATION OF PalviC USTNG RADTUACTIVE MATERIAL.

Do you have a copy of the AWBERC fadiation safety Manual?

Have you read and do you undersiand this >afety Manual? )
Have the other perscnnel involved in Lhis radiation work read and 4o
they u.nderstand tnis Satety Manual?

48




APPENDIX H (Continued)

PART B: EXPERIMENTAL PLAN

Title of Experiment:

Starting Date: Expected Date of Completion:

Bldg. and Room Where Radiation Will be Handled:

Radionuclide(s) Activity Per Purchase Per Each Use

o —

Tne investiyator is responsible, and must be equipped, for 1aboratory
Survey of possible Tontamination with survey meter and wipe tests.
Freauency of survey and wipe tests depends upon amount of radionuclide
Used, 1ts relative nazard, and the type of experiment conducted.

How often will survey and wipe tests be performed? (daily, weekly,
after each use, etc.)

Where is survey meter located? (Bldg. and Room)
Manufacturer: Model :
Serial Number:

IT IS THE INVESTIGATOR'S RESPONSIBILITY THAT THIS SURVEY METER BE
CACIBRATED AT LEAST ANNUALLY,

If radioactive material is volatile, air sampling for rontamination is
required, U0 you expect airoorne coniaminafgon? 17

$0, describe apparatus and procedure for air sampling:

Do you and your involved personnel have film badges?

Solid Waste Disposal Procedure:
[Tquid waste Disposal Procedure:
Do_you have an autnorized disposal sink? Sink Number:

Mave radiocactive raterials been used in this location before? L

Attach a separate one page description of experiment detailing the

step-dy-step handiing of the radioactivity from the time 1t 1§
received to the time 1t 1s disposed o emohasizing safety techniques,

TO RADIATION SAFETY!
Signature of Principal Investigator:




APPENDIX |

RADIATION SAFETY
RADIOACTIVE WASTE CONTAINER LOG

CONTAINER NO. TYPE CONTAINER
(Descripticn and Size)
LOCATION
(Room and/or Area) (Building)
DATE 1SOTOPE TYPE OF WASTE AMOUNT RADIATION LEVEL DISPOSED BY

I certify there is enough absorbent material contained im this drum to absord twice
the amount liquid present.

NAME . BATE

EPA~296 (Cin)
(2-77)
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APPENDIX J

CERTIFICATION FOR USE OF RADIATION

Original must be filed with the Radiation Safety Committee. A copy will be returned to
the infividual completing this form. This form must be completed before beginning work
with radiacion. ez

AN -____DATE OF BIRTE $STX T, M 7
HOME ADDRISS HOME PHONE

LOCATION OF LABORATORY PHONE

LOCATION OF OFFICE PHONE

SUPERVISCR

1 wish to earoll in the next radiation safety class D

I cercify that I have received instruction i{n the safe use of radiation, that I
have read and understand the Eavironmental Protecticn Agency Radiaticn Safety Maaoual
and the regulations of the U.S. Nuclear Regulatory Commission.

DATE

SIGNED

Applicast certified =7: Completing Course on

date
By previous training E:]

Per

(Radiation Safety Officer) (daca)

FOR INDIVIDUALS HAVING PREVIOUS RADIATION EXPERIENCE:

APPLICANT EAS HAD ADIJUATE TRAINING AND EXPERIENCE AT

from to under the supervision of

(Name and Title)

(SCTE:) You are required to read and understand the Environmental Protection Agency
Radiation Safety Manual and regulations of the NRC.

The origizal of this form {s to be sent to the Safety/Security Office, Attn: Radiaticn
Sufery Committee, beiore beginming work with radiatien.

wn
no

EPA-2%4  (Cin)

(2-77)



APPENDIX K

U.S. NUCLEAR REGULATORY COMMISSION

APPENDIX TO REGULATORY GUIDE 8.13

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN
WHO ARE EXPOSED TO RADIATION DURING PREGNANCY

Some recent studies have shown that the msk of
leukemia and other cancers in chidren increases il the
mother is expoed to a sgnificant amount of radiation
dunng pregnancy. According 1o a report by the National
Academy of Sciences, the incidence of leukemis among
chidren from bisth to 10 years of age in the United
States could rise from 3.7 cases in 10,000 children 10 5.6
cases 1n 10,000 chidren if the chidren were exposed (0
| rem of radiation before birth (2 “rem” is a measure of
radiation). The Academy has so estmated that an
equal number of other types of cancers could resull
from thus level of radiauon. Although other scientific
studies have shown a much smaller effect frum radiation,
the Nuclear Regulatory Commission wants women em:
ployees of ity licensees (0 be aware of any possible risk
0 that the womer can take steps they think appropriate
1o protect their of fspring.

As an employee of 3 Nuclear Regulatory Commis-
don licensee, you may be exposed (o more radiation
than the general public However, the Nuclear Regula-
tory Commission has established a basic exposure limil
for all sccupationally exposed adults of 1.25 rems per
calendar quarter. or $ rems per year. No clinical evidence
of harm would be expected in an adult working within
these levels for a lifetime. Because the risks of undesir
able »{fects may be greater for young people. ndrviduals
under | ¥ years of age are permitted 10 be exposed (o
only 10 percent of the adult occupational limiu. (This
lower himit & also tpplied (o members of the general
public.)

The scientific orgamization called the National
Councd on Radistion Protection and Measurements has
recommended (hat because unborn habies may be more
sensitive to radiation than adults, thewr radiation dose =
s result of occupauonal exposure of Lthe mother should
mot exceed 05 rem Other sentific goups. mecluding
the International Comnussion on Radiation Protection
have aho stressed the need (0 keen radianon doses 10
unborn hiddren as low as s reasonably achevable.

g
<

LR

All Nuclear Regulatory Cominission licensees are
now required® (o inform all individuals who work in 2
restricted area of the heaith protectiun problems asso-
ciated with radiation expusure. Thu instruction would in
many cases include information on the possible nisks 1o
unborn babswes. The regulations also state®® that
licensees should keep radiation expousures as low as
reasonably achievable. According (o the National
Council on Radiation Protection and Measurements
vigorous efforts should be made (0 keep the radiation
exposure of an embryo or fetus at the very lowesl
praciicable level dunng the entire period of pregnan) .

Thus it is the respunsibdity of your employer (o
take all practicable steps to reduce your radiation
exposure. Then it & yowr responsibiity to decide
whether the exposure you are reveiving is sulficiently
low 1o protect your unbom child. The advice of your
employer's heaith physicist or radiation protection
olficer should be obtained to determine whether radia-
ton levels in your working areas are high enough that a
baby could recerve 0.5 rem o more before birth. If so.
the aternstives that you might wanl 1o consider are.

(a) If you are now pregnant ur expect *0 be soon,
you could decide not Lo accept Of cONtinue asSignments
in these areas.

(b) You could reduce your expusure, where pussi-
ble, by decreasing the amuunt of time you spend in (he
radiation aiea, incressing your distance from the radia-
tion source, and usng shriding

(¢) I you do become pregnant. you could ask yowir
employer 10 reassign you (o areas involving less expsure
10 radistion. |l this is not possihle you mught consder

* By Tk 16, Part 19 of ihe Coode of | esral Ropwiainm

**in Tithe 10, Part 20.

)




leaving your job. If you decide to take such steps, do 50
without delsy. The unborn child is most sensitive to
radistion dusing the Nrst three months of your preg.
nancy.

(d) You could delay having children untll you are
no longer working In an ares where the radistion dose 0
your unborn haby could exceed 0.5 rem.

You may s, of course. choose to

(¢) Continue working in the higher radiation aress
but with full swareness that you are doing 50 at some
small increased risk for your unborn child,

The lollowing facts should be noted 1o help you make »
decision:

I. The fint three months of pregnancy are the
most Important, 30 you should make your decision

quickly.

1. In most cases of occupational exposure, thz
actual dose received by the unborn babdy is less than the
dose received by the mother because some of the dose is
absorbed by the mother's body.

3. At the present occupationsl exposure Ilmit, the
sctual risk to the unborn baby Is small, but experts
disagree on the exact amount of risk.

4. There is no need 1o be concerned sbout steriliry
ot loss of your abiity 1o bear children. The radistion
dose required 10 produce such effects (s more than 100
times larger than the Nuclea: Regulatory Commission's
dose limits for sdults.

5. Even If you work in an area where you receive
only .5 rem per three.month period. in nine months
you .ould receive 1.5 rems, and the unbom baby could
fective more than 0.5 rem, the full-term limit suggested
by the NCRP. Therefore, If you decide to restriet your
unborn baby's exposure a3 recommended by the NCRP,
be aware that the 0.5 rem limit to the unbom baby
spplies 1o the ull une-month pregnancy.

The remainder of this document contains s brief
explanation of radlation and its effects on humans. As
you will see. some radiation Is present tvery where and
the levels of radlation most employees of Nuclear
Regulatory Commussion lUcensees receive are not much
latger than these natural levels. Because the radiation
levels In the fscility where you will be working are
required by law 1o be kept quite low, there Is not
considered 10 be a significant health risk 1o individual
asdult employees.

Discussion of Radiation

The amount of radlation an individual receives
called the “dose™ and is measured in “rems The
sverage individual in the United States accumulates 3
dose of one rem from natural sources every |2 years
The dose from natural radiation is higher in some suates.
such a3 Colorade, Wyoming, and South Dakou. pn.
marily because of cosmic radiation There the average
individual gets one rem every & years

Netural background radistion levels are tlso much
higher in certain local areas. A dose of one rem muy be
received in some srear on the beach at Guarapari, Brazy,
in uniy sbout 9 days, and some people in Kerals, India.
=t 2 dose of one rem every J months.

Many peopie receive additional radiston for medi.
cal ressors. In 1970, an estimated 212 million X.ray
examinations were performed in the United States. The
estimated average surface skin dose from one radio
gaphic chest Xoray 13 0.027 rem. The estimated average
surface skin dose per abdominal Xeray 15 0.62 rem.*

Radistion can also be received from natural sources
such as rock or brick structures, from consumer prod-
wis such as television and gow.in-thedark watches.
and from alr travel. The pomible annual dose from
working 8 hours s dey nesr & granite wall st the Nedeap
Stand in Grand Central Station, New York City, s 0 *
rem, and the sverage annua dose In (hy United Sta
from TV, consumer products, and air travel s 0.002.
rem,

Radiation, like many things, can be harmful. A large
dose 10 the -hokbody(wdanb(bnmhmday)
would probably cause deaih in sbout 30 days, but moin
large doses result only from rare accidents. Control of
exposure 10 radiation is based on the mssumption that
ny exposure, no matier how small, nvoives some risk.
The occupational exposure limits are st 30 low, how-
ever, that medical evidence gathered over the past 50
years incicates no clinically observable injuries to Indi.
viduals due to radiation exposures when the established
redistion limits are not exceeded. This was true even for
txposures recetved under the early occupational ex.
posure Hmits. which were many times higher than the
present lmits Thus the risk to individuals at the
occupational exposure levels s considered to be very
low. However, it is impossible to say that the risk is zero
To decresse the risk still further, licensees are expected
1o keep actual exposures as far below the limits "
reasonably schievable.

“Pre-Rejease Report: X-Ray Exposwre Stedy (XES) Revised
Estmates of 1964 and 197" Genetraily Sigmificant Dum
February 4. 1975 US Department of Mesith Educato-
g Wellare Public Menih Serviee, | edersl Drvg Admuine
Uon. Duwress of Radiological Health

8114



The curent e 1posu € Limats for people working with
(adiatiun have been deveioped and cars fully reviewed by
patonaly and wiematonally recognized groups of
saentists. It must be remembered, however, that hese
iymits are for adults. Special conuderation is appropnate
«hen (he indindual beng exposed 13, of may be, an
etpectant imother because he exposure of an unbom
child may also de invoived -

Prenatal lrradianon

The predicuion that an wntum Laud would be more
sennitive 10 radiation than an adult o supported by
abservations (ot relatively large Joses. Large doses
Jativered defore dirth alter doth physical development
.and behawor 0 expenmentaliy exposed aimais. A
report of the Nationa Academy of Scxnces states that
short-larm doses in the range of 10 10 20 rems cause
subtle changes o the werve cells of uaborn and infant
rats The repurt also stales, however, that no radiation
juduced changes n development have been demon-
suated o result 19 expenmental animals (rom doses up
10 about | rem per day exiended over a large part of the
penod defore buth.

The National Academy of Sciences also noted thal
goses of 25 to SO rems 10 3 pregnant human may cause
growth disturbances m her offspnng. Such doses sub-
stanually exceed. of course, the maumum permusnbie
occupational exposure limits.

Concern about prenatal exposure (18, exposurs of a
(i@ while @ i1 mother's wterus) at (he permusuble
accupatiunal levels prumanly based on the possibuiry
$hat cancer (especially leuksmia) may deveiop dunng the
first 10 years of 1he chud's life. Several studies have been
perioimed tu evaluate this nsk One study involved the
foilosnp of T7 00N chuldren exposed to radiauion before
hrih (becaus of Alagnostic sbdominal X-cays made fot
melical purovses dunng therr mothet's pregnancy h
Another study involved the tollowup of 20000 such
childsen la «ddition, 1292 chudren who mecerved
prenatal cxposure dunng the bombing of Hiroshima and
Nigaseki were studied. Although contradictory results
Nave Deen oblanned, most of the ewidence suggesis 3
nlauonship between prenatal exposure and an increased
nak of chidhoud cancer

Summary

Occupational exposures (o radiation are being kep!
low However. qualified scientists have recommended
that the radiation dose (0 an embryo of fefus as a resull
of occupational exposure of the expectant mother
would not exceed 0.5 rem because of posuble increased
risk of childhood leukemia and cancer. Since this 0.5
rem 1 lower (han the duse generally permitied 0 «dull
workers, women may want (o lake special sctions v
avoid receiving higher exposures, just as they might stup
smoking dunng pregnancy of mighl cimb stairs more
carefully to reduce possible ruks (o their unborn
children.
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Development of AWBERC Policy on the Use of Individuals (Less Than 18
Years of Age) with Radioactive Material

Carl Rybak, Health and Safety Officer W
Chemical and Statistical Support 3ranci, TMD, HERL

Louis Lefke, Chairperson
Radiation Safety Committee

Elmer W. Akin, Acting Director
Toxicology and Microbiology DiviSicn, HERL

The recommended AWBERC policy on the subject «f age requirements for
working with radioisotcpes is as follows:

* No individual under 18 years of age shall be occupationally exposed
to radioactive material,

* No individual under 18 years of age shall work with radioisotopes.

e Persons under 18 years who are students in an education program are
allowed to work in the same laboratory area where certified
personnel are handling radioisotopes. However, they must be
notified of the possible hazard and must be at a safe distance
from the radioactive material in nrder to insure that they will
not be exposed to a radiation hazard if an accident occurred.
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