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The restriction shal! be removed (limited to Carbon 14, Calcium
4%, Zulphur 3% and Phosehorus 320 on _ahkn J. Guinan, Jr., Edwar:
Crean, PhD and Peter Wells, PhD to allow them to use ali license:
material.

Current training and experience information for all users are
attsched 1o support changes 1n this application. The i1nclusive
1ist of authorized users should be changed to:

“eter Jonn Anderson., FRD,
Rose Eduards. Phl.

carot? . Raod, 2w,

.ohn * wolfe. FrlU,

'”‘ildeﬁ. F Dr*vlé. FrD.
te Rapaport, BS,

Jtehel Jeremcak. MU,
UGBN 2chmidt. FhD,
‘ar4aret Sherwood,

VIV

JORN o DUif@En. Jria PRD,
£dward ean. £hl,

“eter Wells, PhD,

Jalery White. PRD,

Mark Latina, ™MD .

David Yande!l, DSc.

~e13h M. Dudek,

Danlel M. Albert, MD

Terri McGee., andg |
valerie Grondin.

See following training records and LV's

Facilities and Eauipment

Lavout of laboratorvy facilities are 1llustrated in Attachment 2.
Radistian 2afety Program

Revisions to srevious license plus the attached Policy &
Frocedure - see Attachment 1.

See Attachment |: radioisotcpe wastes are disposed through
Harvard University Envirormental Helath and Safety.
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USHA ANDLEY, PHD ' -
DAVID YANDELL, D.Sc.
VALERIE GRONDIN, M.S.
JOHN K. WOOLFE, PHD.
DOROTHY J. RCAOAF, PHD
JOYCE RAPPAPORT, B.S.
EMII. MITCHEL OPREMCAK, M.D.
ROSS EDWARDS, PHD.-
THADDEUS DRYJA, M.D.-
EDMUND V. CREAN, PHD.

P. JOHN ANDERSON, PHD..
PETER WELLS, PHD.

| JOHN J. GUINAN

| TERRI MCGEE, M.S.

i STANLEY SCHEIN, M.D.w' w
i MARK LATINA, M.D.

| VALERIE WHITE, M.D.

| SUSAN SCHMIDT, PHD."Y
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U.5. NUCLEAR REGULATORY COMMISSION

Wovember 1978
Reviaion V

REGULATORY GUIDE

OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 8.13 .
INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A. INTRODUCTION

Section 19.12 of 10 CFR Part 19 states that all
individualy working in or frequenting any poruon of a
restricied area must be insirucied in the heaith protec.
uon problems associaled with exposure 1o radioacuve
matenals or radiauon. This guide descmbves the -
struction that should be prowvided concerning violopaal
Fiks 1o smbryos or (ewuses rssuiung from prenswal
exposure.*

B. DISCUSSION

Sinee the Law of Bagowe and Tribondeay wes
published in |906°* it has been known that the sensilive
ity of cells 10 radiavon damage 13 reiated 10 thar repro-
ductive activity and inversery related 1o their degree of
differentiauon. It follows that children could be ex-
pecied 10 be more radiosensitive JRan adulis, fewuses
more radiosenntive than chudren, and embryos even
more radiosensitive.

This principie has long been 4 factor in the devel-
opment of radiauon exposure standards. Secuon 20.104
of 10 CFR Pan 20 places dilferent limity on minon
than on adult workers. Speamfically, it imiu anyone
under the age of 18 10 exposures ndt exceeding 10% of
(he limits for adult workers. However, § 20.104 does
not reiate 10 embryos or fetuses.

A special situation arises when an occupationally
exposed womnan 14 pregnant. Exposure of ihe abdomen
of such & worker 10 penetrauing radiation from enher
external or inte: nal sources would also involve exposure
of the embryo or fetus. Because & number of sudies
have indicated that the embryo or {etus is more sensiuive

———
*Thu revison of the gusie includes munar changes of & clan
{yrng nRIUSE INCOTPOrAIed A3 & reult of pubbx commenws. No
subSLAAUYE CRAOGES LAve oeen muade.
~c.~na-u5n-ar4m-um
Vol 143, pp. 943985, 1 %06,

thae an adult, particularty during the first three months
afler concepuon, when & woman may st be aware that
she is pregnant, the Navunal C sunail o Radution Pro-
tection and Measuremenis (NCRP) recommended in U
Report No. 39 that special precautiom be taken 10 farnint
cxposure when an occupationally exposed wormnan could
be pregrant,

C. REGULATORY POSITION

Instruction 1o workers performed under | 19.12
should be given pnor 10 assignmesnt 1o work in a re-
stneted area. p providing LASrUcnos aboul health pro-
tecuon problems associated with ruiaDOn EXPOSUIE,
female workers and those who may sapervise or work
with them shouid be piven speafic mstruction about
prenaial exposure nsks 10 (he developng embryo and
fetus.

The instruction should ensure thae the empioyees
understand:

1. That the NCRP has recommended that, dunng
the enure gestanion penod, the maxmwurs permussible
dose equivalent to the fews from OCCAIMOONA! CXDASUTE
oltknmna&c»ﬂwuﬁﬂ.&mm

2. Thereasons [or this recommeadation.

The instruction should include the informanon
mnddimhcAmdinomuMltMum
senied to the employee, her JUpervmors, and her co-
workers both orally and in wrmes form. Each
individual should be given an opportenity 10 ask ques-
vons. and each individual shouid be mked 10 acknowl-
edge in wniting that the instrecnon ham been recmived.

0. IMPLEMENTATION

The purpose of this section s W pronde informa-
tion 10 licensees regarding the use of ths guade.
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Eacept 1n LhOse Cases 10 which the hicenies choosves
10 propose an aAllernalive method {or complying with
the portion of the Commussion s reguiations previously
specified, the methods described herewn shou 4 be used
immediately 10 instruct femaie employees working in of

frequenting any poruion of 8 resincted sres, And Lhowe
who may supervise o work wiuh such employees, con-
cerming the health proleciion problems asociated wih
prenaial radislion exposure

APPENDIX TO REGULATORY GUIDES.N]

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

Some recent studies have shown that the nsk of
leukema and other cancers in chidren wnncreases f the
moiner \§ caposed (O 4 gruficant amouni of radiation
dunng pregnancy. According (0 s report by the Na
nonal Academy of Saences, (he incidence of levkemia
among chuldren from irth 10 10 years of age in Lhe
Umited Swaies could rise from }.7 cases wn |0 Q00 chd
dren 10 4.6 cases in 10,000 chuidren if the children were
eposed (0 | rem of radiauon betore Uil (3 rem ‘12
measure of radauon) The Academy has auo csiumaied
that an equal number of other (ypss of cancers could re
sult from this level of radiauon Although other s&en
ufic yiudies have shown » much smalier effect from
radiauon, the Nuclear Regulatory Commusion wanis
women employees of i3 licensees L0 be aware of any
possible nik 30 Lhat the women can take steps they
think appropnate 10 protect the oflspning.

As as employee of & Nuclear Regulaiory Comimas-
sion licenser, you may be exposed t0 move radialbon
than the general public However, the Nuciear Regula-
tory Commussion has established & batic exposure limil
for all occupavonally exposed adulu of 1.23 remu per
calendar quaner, or § rems per year No cinical o
dence of harm would be expecied in &0 adult working
within these levels for a lifetime. Because the niks of
undesirable effucts may be greater {or young peopie
individuals under |8 years of age are permitied Lo be ex-
posed (¢ only 10 percent of the adult occupanional him-
its. (This lower Limit 13 also applied 10 members of the
general publc.)

The saentific organizauon called he Nauonal
Counal on Radwauon Prowection and Measurements
has recommended Lhat because unborn babiea Mmay be
more senutive 10 radiavon than adults, they radiaauon
dose a3 & result of occupational exposure of the mother
should not exceed 0.5 rem. Other scienulic groups, -
cuding the Internaconal Commussion on Radiavon
Protection, have also stressed the need 10 keep radiation
doses to unborn children as low a3 18 reasonably
achievabic

All Nuclear Regulatory Commission licensess At
sow reguired® 10 inform all individuals who work 8 &
restncied ares of the health protecuon problems a300-
ated with racdiation exposure This iastruction woud 10
many cases wnclude informauon on the posnible rsxs 10
unborst babies, The regulauons also yawe** tha b
censens should keep radiauon exposures 83 Jow As 8 ree-
conably schievable. According to the Nauoaal Councul
on Raduuon Protecuon and Measurements, Vigorous
effor should ve made (0 keep the adiauon exposure
of an embryo or fetus at (he very lowest pracuca e
level during the entire penod of pregnancy,

Thus it i3 the responsibility of your employer (o
ke sl pracucable sieps 10 reduce your radiauon expo-
sure. Then it is your responsibility 10 dearde wherhar (he
CXPOsUre yOu Are receiving i sulficendy law 10 protect
your unborn child. The adwice of yow ecmployer ¢
mmummwmmolmw
be obtained (o deiermine whether radiation \ewets 10
your working areas are figh enough that 3 Laby could
recerve 0.5 rem or more before birth If 30, the aligrna-
pves that you might wani (o connder are:

(#) lfvmmqunuaumlohm
you could decide not 10 accept oF LONUNUE ALK gDEENLS
in these Areas.

(b) You could reduce yous expasure, wher pOsi-
ble. by decreasing the amouni of Lme you spend m the
radiation area, increasing your distasce from Use rads-
auoo source, and using shieiding.

{¢) If you do become pregnant, you coukd sk
your employey 10 reasugn you (O arcas invodving hess ex-
posure to radiauon. Il this i aol possible, you mught
consider leaving your job. If you deade to take such
steps, 40 30 withowt delay. The uabors child & most

....g’ Tl 10, Part 19 of the Code of Federsl B cguls nose.
**in Title 10, Part 20




pensitive 10 reGaON

your pregnancy

(d) You could delay having ¢h | you are
no longer working in an ares where (he radiauon dose

10 youl unbors baby could exceed 0.3 rem

Y ou may also, of course, choose L0

{e) Continue working in the higher radistion
arees. but with full awareneas Lhat you are caing 0 &l

some imall increased ruk for your unborn chid

tonal exposure lirmit, the
ual | t uynborn dabd mall, butl cxperis dis
agree o0 the cxact amount of rsk

. There i no need (0 be congerned about stenlicy

or loss of your ability 10 bear ¢h |dern. The ndiauon

dose required 10 produce such effas 3 more than 100
umes larger than the Nuciear Reguiatory L ammisson s
dose limits for aduils

5 Even if you work in an area where you recerve
em ner (hree-month penod, in ine moniuns
you could receave | { rems. and the unborm bady could
receive more than 0.3 rem, the full-term laimit juggesiad
by the NCRP [ you decide 10 resunet your

cxposure as

only 0.5

Theretore

unborn baby s recommended by the

NMORP. be aware that the 0.5 rem Umn the unborn

the full ninc-monih pregnancy

The remainder of this documen: contuns & bref
explanavon of raduuon and s effects on humans. A3
you will see, some radiauon § present everywhere and
the levels of radiauon mos empioyees of Nuciear Regw
latory C ommussion licensees recerve are NOL MuUch large
han these natural ieveid Because the radiation levels in
the faclity where you will be wormng are required dY
law 10 be kept guite low, Lhere 1s Dot cons dered to De 2
sigruficant heal hrisk io

individual adull empioyesy

Digscussion of Radistion

The amount of radauon an individual recerves i
called (he *‘dose’’ and 1s measured in “rems.” The sver
age individual in the United Sisies scoumulisies 8 Sose
of one rem (rom natural sources every |1 yean. The
dose from natural radiaion » higher in Jome Ema,
such as Colorado, Wyoming, snd South Dakoxa, pry
maniy because of cosmuc raduavion. There the average
individual gets one rem every § yean

Natural back ground radisation levels are also mwch
higher in certaun local areas. A dose of one rem may be
received in some areas on the beach st Guarsman,
Brazl, in only about § dayy, and some peopic in Keraa,
India, get 8 dosa of one rem every 3 monihs,

Many people receve sdditional r2diavon for med-
ical reasons. In 1970, an estimated 212 millos X3y
examinations were performed in the United States. The
esumated average surface skin dose (rom one raaud-
graphic chest X-ray u i 027 rem. The esumasied srorage
sur{ace 1kin dose per abdomunal X -ray i 0.62 rems.*

Radistion can also be received (rom mamral
sources such a3 rock or brick struciures, {rom consamer
products such a3 leievision and glowan-Ue<aarx
watches, and from aw travel. The possible anaua Sose
from working § hours a day near & granie wall & the
Redcap stand in Grand Central Sanon, New York
City. is 0.2 rem, and the average annual dose = he
Usited States from TV, consumer products, Asd Az
travel i3 0.0028 rem.

Radiavon, like many things, can be harmiuwl. A
large dose 10 the whole body (fuch & 600 rems W Oone
day) would probably cause dexth m abowut ¥ davs, but
such large doses revult only from rare acaents
Coanvrol of exposurs 1o radiation is based om (he
assumpuon that any cxposure, no maner how snall,
involves some risk. The occupstonal exposare mits
are se1 30 low, however, that medical evidence gihered
over the past 50 years indicates nd chmcally obsarvatie
injuries 10 individuals due 10 radialon exposure w hen
the established radiation Limuts arc nol eacecaes. Thus
was rue even [Or exposures recerved under be earty
occupatuonal exposure limna, which were masy nInes
higher than the present Lmats, Thus the rm=k 10
individusls ai the OCCUpaLIONAl EXpOSUre hewets o
considered 10 be very low. However, it it imposnible 10
say that the risk is zeve. To decresse the sk sul
further. Licensees are expectad 10 kerp actual exposures
a3 (ar below the limits as i3 rensonably schuecvabie.

wPre.Rekease Report X -Ray Exposere Study (OLED Revead

Estumstms of 1964 and 1970 Geneucally Sogmlcam Dowe, ™"
February 4, 1975, US. Deparvsem of Health | FEESEE N
and Wailare, Pubbc Heslth Serven, Fedarnd Drug
Admunsusvos. Buresy of Radwbopcal Heallh




The current caposure limits for peopie working
with radiation have been developed and carelully re-
viewed by nauonally and internaiionally recognized
groups of soenusis. It must be remembered. however,
that (hese bmas are for aduits, Speaal consideraiion o
spproprisie when the wndividual being exposed u, of

may be, 48 mpeciant mother, because the exposure of

an unborn chud may also be Lnvalved,

Prenatal irradiation

The prediction that an unborn child would be more
sensitive 1o radiation than an adult &b supported by ob-
servations for relatively large doses. Large doses deliv-
ered before birth 2lter vand physical developmeni and
behavior in cxperimenially exposed arumals. A repon
of the Nauonal Academy of Soences staie that shor.
term doses in the range of 10 to 2C rems cause subue
changes 1o the nerve cells of unbarn and infant rau. The
report Al30 itales, however, (hat no radiauon induced
changes u development have been demonsirated (0 fe-
sult 10 expenmental animais from doses up 1o adbowt |
rem per day extended over a large pant of the L &110d be-
fore buth.

The National Academy of Scences aiso noted that
doses of 15 1o 50 rems (0 a pregnant human may cause
growth disturbances o her offipning. Such doses sub-
stanually exceed, of course, the maximum permusuble
occupational exposure limits.

Concern about prenatal exposure (1.¢., exposure of
2 child while ia s mother's ulerus) st the permusibie
occupational levels i pnmanly based oo the possibility
(hal cancer (apecially leukemia) may develop during
the first 10 years of the child's life. Several studies have
been performed W evaluate this ruk. Ope study -
volved the followup of 77,000 children expased 10 rad-
auon before birth (because of dizgooste abdominal X-
rays made for medical puposes dunng thar mother's
pregnancy). Another study invoived the followup of
20.000 such children. in addition, 1292 children wha re-
cmved prenaial exposure dunng the combung of Huo-
shuma and Nagasaki were studied. Although «ontradsc.
tory results have beem obtuned, most of the evidence
suggTIL & relationship between prenatal exposure and
an increased risk of childhood cancer.

Summary

Oveupstional exposures 1o radiation are beng hese
low. However, qualified soieninls have recommendaed
that the radiat:on dose (0 an embryo or fe1us a3 & resus
of occupauonal exposure of the expectant motser
should not exceed 0.3 rem because of possidle increased
ruk of childhood leukem.a and cancer. Since this 0.3
rem & lower than the dose generally permiied (0 sdul
workers, women may want 10 ke special wcuone W
avord receiving higher exposures, just as they mught
stop smoking duning pregnancy or might climb stamn
more carefully (o reduce possible naks 0 thewr uabars
chudren.
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