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STAFF
LEGISLATIVE SERVICES
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PHONE (304) 348.2040

. COCHAIRMEN
ROBERT M, STEPTOE

STATE SENATE
126 EAST BURKE STREET
MARTINSBURG 25401

WILLIAM E. SHINGLETON

House OF DELEGATES
Box 1548
FAIRMONT 26554

January 12, 1979

Hon. A. James Manchin

Secretary of State

W-151 State Capitol

Charleston, West Virginia 25305

Dear Mr. Manchin:

This is notification of approval of rules and regulations
in accordance with Section 11, Article 3, Chapter 29A of the
West Virginia Code.

. On January 11, 1979, the Legislative Rule-Making Review
Committee approved regulations submitted by the Department of
Health concerning radiological health and the Department of
Natural Resources concerning supplemental pay in lieu of over-
time for conservation officers.

A copy of the approved regulations is attached.
Very truly yours,
§Crtlcs? 2p, Dt te
Robert M. Steptoe
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William E. Shingletén
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Geaorge E. Pickett, M.D., M.P.H.
Director

John D. Rockefeller 1V
Governor

State of West Bivginia
BDEPARTMENT OF HEALTH

February 5, 1979

The Honorable A. James Manchin
Secretary of State

State Capitol

Charleston, West Virginia 25305

Dear Mr. Secretary:

Recently we forwarded regulations pertaining to radiological health
to your office for appropriate filing. These regulations have been
approved by the West Virginia State Board of Health and have been
approved by the Legislative Rulemaking Review Committee.

Attached to this letter is the certification statement which should
have accompanied those regulations. I believe it requires your signature
in order to complete the filing.

Please let me know if I have left any of the necessary steps

uncomplete.
Very truly yours,
Director of Health
GEP/rak
Enclosure




I hereby certify that these Radiological Health Regulations
are the official requlations adopted for promulgation by the
State Board of Health on October 11, 1978, and filed pursuant to
law in the Office of Secretary of State.

Geonge E. Wickett, M.D.,

Secrigtary, State Board of Health

I hereby acknowledge that these Radiological Health Regqulations
were filed with the Office of Secretary of State on November 3, 1978,
and that notification of their approval by the Legislative Rule-Making
Review Committee was received on January 12, 1979.

r

A}.James Manchin,
~ ~Secretary of State
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WLST VIRGINIA STATE BOARD OF HEAL IH

CHAPTER 5, ARTICLE 3
RADIOLOGICAL HEALTH REGULATIONS .

PART 1.0

GENERAL PROVISIONS .

1.01 PURPOSE AND POLICY
1.0l.1 "It is the policy of the Wesl Virginia State Board oi Health
in furtherance of its responsibility to proteet the publiic
health and safety to instirute and maintain a repgulatory
program [or sources of jonizing radiation. "

L.01.2 1t is the purposc ol these regulations to state the require-
ments that shall be applied to the use of sources of ionizing
radiation to reduce, to an acceptable level, the risk that
any person widt is likely to be injured by such radiation.

1.01.3 These regulations arc intended to be consistent with the best
recognizgﬂ_beneficial_useg of sources of ionizing radiation.

1.01.4 These regulations provide [or the registration and applicable
safety requirements of all sources of ionizing radiation
including naturally occurring radivactive materials, accel-
erator produced radiocactive materials and radiation producing
equipment.

1.02 AUTHORTTY

1.02.1 Pursuant to the authority conferred upon the State Board of
Health by Chapter 16, Article 1, Public Health Laws, Code of
West Virginia, the State Board of Health hereby promulgates
these Radiological Health Regulations as an amendment and
reenactment of Chapter 5, Article 3, of the Regulations of
the West Virginia State Board of Health.

1.03 SCOPE .

1.03.1 Except as otherwise specifically provided, thesc regulations
apply to all persons in West Virginia who receive, possess,
use, transfer, own or acquirc any source of fonizing radiation,
however, nothing in these regulations shall apply, except
the provision for registration, to dny person to the extent
such person is subject to regulation by the United States
A&emie-ﬁﬂeng_Gemmiﬂsieﬂ-Epclear Regulatory Commission,

1.03.2 For the purpose of thesge regulations, radiation machines and
radioactive materials used by, or in the possession of, an .
employee within the scope of his duties shall be considered
to be in the possession of the emplover.

-1-




1.04

1

(2)
(3)

(4)

1.03.3 The provisions of Part 3.0-Radiation protection Standards,
of these repulations shall not bhe interpreted as limiting
the intentional exposure of patients to radiation for the
purpose of diagnosis or therapy by doctors of the healing
arts, duly licensed by the State of West Virginia and
engaged in the lawful practice of their profession or
administered by other professional persons acting under
the direct supervision of a licensed practitioner.

DEFINITIONS

As used in these repulations, Qggse_Egtmg_hgxgmthg_ﬁgjig};ionq_ﬁgg
forth below.

Additional definitions used only 1n a €&l tain part

will be found in thal part.

Accelerator Produc
exposing it in a

Material means any material made radicactive by
article accelerator.

Agency means the West Virginia Department of Health.

Airborne Radicactive Area means (i) any room, enclosure, or operating
area in which airborne radioactive material exists in concentrations
in excess of the amounts specified in Appendix A, Table 1, Column 13
or (ii) any room, cnclosure, or operating area in which airborne
radiocactive material exists in concentrations which, averaged over
the number of hours in any weck during which individuals are in the
arca, exceed 25 percent of the amounts specified in Appendix A,

Table I, Column 1.

Aitborne Radioactive Material means any airborne radioactive material
dispersed in the air in the form of dusts, fumes, mists, vapors or
gases.

Byproduct Material means any radioactive material (except special
nuclear material) yielded in ot made radioactive by exposure to the
radiation incident to the process of producing or utilizing special
nuclear material.
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(6)

(7)

(8)

~E£7~a£mEhemeﬂdmnf—&me&lendaf-yeaf;nEhefeuﬂ%emﬂﬁy_dﬂy%~nﬁt_£ﬂ%}iﬂgr
wifhiﬂ~a—eemp3e&e—ea&eﬂdaf_Week~0%—thﬂf~yeaFT—saeh—dﬂyﬂ shall-be
-L&eiuded—wirhin-Ehem}ﬁﬂﬁmtampleﬁe-ﬂa%endﬂr"weekmﬁf“thﬁt'ytarT"W%f,
at--the beginning uﬁ—any-Galeﬂdarmyeaf,mkhefemafe~dﬁy5~n9€-E&i}iﬂg
~withiﬂwﬁmeempleﬁe—e&$EHdﬁPhweek-ef~&habuye&f¢mﬂﬂehhd&ys~sh&i%“be~
-tretuded- within ~the—tast—eomplete. ealendar—weel -of -the -previeus
year——No—regigtrant—shall —ehanpe the—method-ebserved by-—-him-of-
determining ealendar tuarters For purposes e thege- repulations
eXﬁepEmﬂﬁ_EhemhEgiﬂ&fﬂ%&%ﬁﬂﬁﬂfwmﬂﬁﬂﬂﬁf-yeﬂr.

Calendar Quarter means not less than A2 consecutive weeks nor_more

_The first calendar quarter of eich year

than 14 consceuti Ve W

shall begin in January and subsequent calend: F_quarters shall be
80 arrvanged such that no day is included in more than one calendar
quarter and no day in any one vear is omitted from inclusion within

@ calendar quarter. No registrant shall change the method observed

by him of determining calendar quarters for the purpose of these
regulations except at the beginning of the calendar vear.

raollad A o -
Sfreroited-Are a1y ca—aeeess—to-—whieh dio restri y—Ehe-
Fewuwigltyant £ oo S OD S rotoatrion of . 1isxd ddaalo. firmam PR TI V- TL LI
[ eTIETSIE RO pUrposes—e—proteetion of individuale from SXPOBHre
radi-atriorn—and radiogetivoe.gpators o ls Contraolled—uran ahall nat
L= LTI TGy EaLR A gu S % g v o iy i o - s LILLS A v o s ko Ay oy B A P B o B W i ey L= S ey = -TLITC T L3 A gy sy
nelude—any areas ased~f0#~res&den{1al-qaas£e£ﬁ3~&{though~a-sepa%aﬁe

<controllad area,

Curie means a unit of measurement of radioactivity. One curie (Ci)
iﬁ._th.a.t_.qua%il_'y_o_f . radigactive mate rial which decays at the ratre

of 3.7 X 10 disintegrations per second (dps)L_mQQmmggLy_uggq
submyliiples of the curie are the millicurie and the microcurie,

One millicurie (mCi) = 0.001 curie = 3,7 X 10’ dps. One microcurie
uCi) = 0.000001 curie = 3.7 X 10% dps. For the purpose of thege
regulations, one curie of natural uranium means the sum of 3,7 X 1010
dps_from U-238 plus 3.7 X 1010 4pg from U-234 plys 1,7 X 109 dps from
U-235: this 1is equivalent to 3,000 kilograms or 6.615hpgggg§41§
natural uranium. One curie of natural_ thorium mcans the sum of

3.7 X 1010 dps from Th-232 plus 3.7 % 1010 dps From Th-228; this is

equivalent to 9,000 kilograms or 19,850 pounds of naturai_ghg;ium;_

Dose as used in these regulations shall mean absorbed dose or dose
equivalent as appropriate.

Absorbed Dose is the energy imparted to matter by ionizing
radiation per unit mass of irradiated material at the place of
interest. The specific unit of absorbed dose is the rad.

(See rad)

Dose Equivalent is a quantity that expresses on a common gcale
Egg_a%l_gadigtion a measure of the postulated effect on a given
organ. 1t is defined as_the absorbed dose in rads times certain
modifying factors. The unit of dose equivalent is the rem.

(See rem)
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(€))] Exposure means the quotient of the dQ by dm where ''dQ" is_the
absolute_value of the total charge of the fons of one S1gn Proz
duced in_air when all the electrons (negatrons and positrons)

Iiberated by photons in 2 volume clement of air having mass tdm" .

S ——— — —

are completely stopped_in air. (The special unit of exposure 18
the roentgen (RJ.)

(10) Exposure
mR/hr., ¢

Rate means the exposure per _un_j_ t_(_\[ time, ‘_.311£h

-il.:_ .

(1D lalf Life means the amount of time required for the activity of a
specific radioactive material to reach one-half of its original

activity.

(12) llealing Arts means diagnostic and/or healing treatment of human
and animal maladies including but not limited to the following .
which are duly l1icensed by the State of West Virginia for the

lawful practice of: medicine and 1its associated specialties,
dentistry, veterinary medicine, osteopathy, chiropractic, and
podiatry.

a’» High Radiation Area means any area, accessible to individuals in
which there exists radiation at such levels that the individual
could receive in any one hour a dosec to the whole body in excess
of 100 millirems.

(14) Human Use means the internal or external administration of

radiation or radioactive materials to an-—individual human beings.
(15) Individual means any human bheing. .
(16) lﬂﬁnﬁggyﬂljﬁgnu;ingEficial examination ot obseryggyn1j£§jgging but

not limited to, tests, SUrveyS, and monitoring to determine -ompliance

with rules, regulations, orders, requirements and conditions of the
Apgency.

(17) Installation means the location where one or more sources of ionizing
radiation are used, operated or stored.

(18) Monitoring means a periodic or continuous determination of the exposure
rate in an area (area monitoring) or the exposure received by a person
(personnel monitoring) or the measurement of contamination levels.

(19) Natural Radioactivity means radioactivity of naturally occurring
nuclides.

(20) Occupational NDose means exposure of an individual to radiation (a) in
a restricted area; __O'Itg_r(b_)_’_i._r}__the course of employment in which the .

individual's duties involve exposurce to radiation, prggiﬂggg that
ﬂccqngtional dose shall not be deemed to include any cxposure of an

Y —

T —— —

on for the purpose of diagnosis or therapy of

ﬁaaividug} to_radiati

such individual.




.

(21) Particle Accelerat r.means any machine capable of . lecelerating
clectrons, Lrotons, deuterons, Or other charged p: rticles in a

pacaan and ol diseharging the resy) Ll particulate or other
radiation into a medium ag thergies Msually in exeess of 10

(22) Person means any individual, corporation, partnership, firm,
association, trust, cstate, public or private institution,
ELOuUp, agency, political subdivision of West Virginia, any
. other State or political subdivision or agency thereof, and
any lepal successor, representative, agent or agency of the
l"'nrcp,oin;;, other than the up ited Stares -A-tmm‘c_-a---l‘}ﬁ-e.»-r-g-y Commt 48 +on-
_N_!_‘l‘(il‘(_._!_:l__l_"____R_(;Q,_l_l__l_.q[]_f.‘_(__)ﬁ)_/_ f._f_()_ﬂ)_l)ﬂf_.&}_i.__('_)_:'_)_, Or any suaccessor thorero, or
other Fodora] sovernment apgencics,

_j (23) Personne| Mouitoring Equipment menng devices (e.g., Film badges,
. pocket dosimeters, Lhermoluminescent dosimeters, p@elee-t—-—(%hambefa-,
"‘_"_'_‘_‘_"_-f__‘_"—"_'—'—““_‘_“f" - P
= etc.) designed to pe WOrn or carried by an individuai

for the purpose of measuring estimating the —r-ad—i&t—ieﬁ—-e*pa-S—ﬂfe dose
received by the individual,

(24) Rad means the special uni t__o_f_'absorb_gﬁl_d_oif . One rad equalg one
A _joule per Kilogram of material, for example, if tissue
Is the material of duterest, 1 rad equals 100 ETES per_gram of tissue.

(25) Radiation meang ionizing radiation, i.e., pamma rays and xrays,
alpha and bets Particles, high speed clectrons, neutrons, and other
nuclear particles, %~4HH}+NHEﬂ%3HHdm9f"F&&iﬁ“W&V&B—9f=Viﬁib%ej—iﬂﬁf&f&é,
-efﬂuitramvieietﬂlight. (Same as ionizing radiation.)

. (26) Radiation Aren means any area, accessible to individua]_s, in which
there exists radiation at sych levels that a major portion of the
body could receive 1in any one hour a doge ip excess of 5 millirems,

Oor in any 5 consecutive days a dose in excess of 100 millirems,

@27 Radiation Produeing. Machines meansg any equipmant device capable of

Producing radiation when-the asSeeiated—eontrols are operated —but
i except thosg_eqaipmeﬂt which produce radiation only by tha
wse—of frop radioactive materiale.

(28) Radiation Safety Officer means ibj%ﬂ%%mbdifeef}y—fEEPGﬁﬂib}E*f&f
»xadiatiea_pﬁeteetieﬂv one who has the knowledge and responsibility
. to apply appropriate radiation Protection regulations,
(29) Radioactive Material means any material (solid, liguid, or £as) which

emits_ionizing radiation Spontaneously.

—

(30) Radioactivit means the disinte ration of unstable atomic nuclei b
H____L__‘_.—,-u—___h,__g___\____—-—-——*——___mh______yh
. the emission of radiation,




P————

(31) Regl strant means dny Person who 18 registered with th e Agency and -
is_legally obligated to repist er with the Agency Purs uant _to these
_re.gul:—;tions . .
(32) Registration means the filing with the Agency by a registrant of all

registrable items in accordance with these regulations. Regiotratien
-iSwmﬂ&EMGH“ﬁefm5~ﬂV&i}&b¥e—ffemw€h6fAgEﬂﬁyTﬂ_RegiSffﬁfiﬁﬁﬂéeeﬁ"ﬁﬁf
-implynAgEHeymapproval~or~éis&pp{eva&-ofmthe_use—of—such_registf&ble-

items. .

(33) Rem means a meisice. of_ the dose of any _rﬂ.cl_lfg_t_'i@g_w_b_mly_ tissue in

t_s-‘—_r_l.\.l_s__ﬁ_‘_'__;i-_tf.___G:fi_ti_-m_f-\z.@_d_.lzi__(.‘d-(-)g ical elfcct relative BO a_dose received

from an exposure Lo fz_ng;t:_qu_tﬁs&_._(}*_)_.(_zf_z-_r_ﬁy_s_-.___{ Ope millirem (mrem) =

0.001, rem. b For the purpose of thesc regulations, auy © f the following

is_considered 1O bo cquivalent £o 2 dosSe€ o f one rem: .

(a) An exposurc of 1 R of x, oF camma radiations;
\erS o _.__.__._..___._,_._.L,__._.. i ____,___.._.—-’—

(b) A dose_gﬁ_l rad due to X, gamma, or beta radiation;

_(_CL).___A.L‘Q_S_C_(}E_Q:QE_@d. duc to partl cles heavier than protons and with
ggﬁEiciggE_ggpﬁgldto reach the lens of the eye;

(d) A dose o;_O.%draqmdue to neutrons or high energy pro§92§;}

(34) Research_and Development means: a) theoretical analysis exploration,
9‘r__e_><12e,gi_mggté_tiopjdgr__,&b_). the_extension of investigative findings and

theories of a ScIED tific or technical nature into practic al application -

tal and domonstration purpostts including the expexr imental .

for cxperimen

le__l-_sJ___d_f_:_v-i_t‘-_eiL_gml_imn_eDL,_ materials, and

and_ testing of_moc

" Rescarch and deve Lopment does MOEL include the Inte rnal or

Lm_'iz-}is_t.zé!-_t._'_ig!f1__9,11._171(1_’.32-_02-_05; adioactive ma terial to human

beings.

(3%) Restricted Area (controlled area) means _any area access to which is
rotection of individuals

controlled by the registrant for purposes of
from exposure to radiation and radioactive material. Restricted areas
shall not include any areas used for residential quarters although
a separate room OT rooms_in & residential building may be set apart

eslden -
as g_restricted area.

(36) Roent MLELMMH_M

2.58 X 107 coulombs/kilogram of air. (see Egc_gosure) .
e —
11f it is more convenient to measure the neutron flux, OT equivalent, than to determine

the neutron absorbed dose in rads, one rem of meutron radiation may, for purposes
of these regulations, be assumed to be equivalent tO 1% million neutromns per centi- .
meter incident upon the body; OT, if there exists Su ficient information to estimate

£
with reasonable accuracy the app mate distribution in energy of the neutrons,
witn te=> iracy the app utT o>,

ble accuracs roximate distributlon 22——o® ey
valent to

the incident humber of neutrons per square centimeter equi one rem may be

A ________,_.,_.—-—-——______,._...—-—

—

ngi@§E§§_ﬁng;£EF fo}logiégptablgi_ (Continued bottom next page)
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(37) sealed Source means radioactive matcerial that is permanently bonded
or fixed in a capsule or matrix desipgned to prevent release and
dispersal of the radioactive material under the most severc conditions
which are likely to be encountered in normal use and handling.

(38) Source Material means: (a) uranium or thorium, or any combination
thereof, in any physical or chemical form, or (b) ores which contain
by weipht one—twentielh of one percent (0.05 percent) or more of
(i) uranium, (ii) thorium, or (iji) dany combination thereof. Source
miterial does not include special nuclear material.

(39) Source of Radiation meansg any radioactive material, or any device or
equipment emitting or capable of producing radiation.

(40) Survey means the evaluation of the radiation associated with the
production, use, release, disposal or pPresence of sources of radiation
under a specific sel of conditions. When appropriate, such evaluation
includes a physical survey of the location of materialg and/or equip-
ment and measurements of radiation levels or concentra Hons or
radioactive materials.

(41) Test means a method for determining the characteristics or condition
of sources of radiation or components thereof,

(42) These Regulations means Parts 1, 2, 3, 4, 5, 6, 7, 8, and 9 of the
Radiological llealth Regulations and any subsequent changes or additions
thereto.

L(continucd) NEUTRON FLUX _EQUIVALENTS
Neutron Number of neutrons per square Average f[lux density
energy centimeter for a dose equiva- to deliver 100 millirems
(MeV) lent of 1 rem (neutrons/cmz) in 40 hours
(neutrons/cm? per second)
Thermal 970 X 106 670
0.0001 720 X 10° 500
0.005 820 x 106 570
0.02 400 X 10 280
0.1 120 x 106 80
0.5 43 x 100 30
1.0 26 X 10° 18
2.5 29 X 106 20
5.0 26 X 106 18
7.5 24 X 106 17
10.0 24 X 106 17
10 to 30 14 x 100 10
-7-
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(43) gnggpriqggd @yea ﬂne9ﬂ%¥&}}eé4a¥ea means any area access to which
is not controlled by the registrant for purposes of protection of
individuals from exposure tO radiation and radioactive material, and

any area used for residential quarters.

(44) tUnrefined and Unprocessed Ore means ore in its natural form prior to
any processing, such as grinding, roasting, beneficiating, or refining.

(45) Wwhole Body means the whole body, or head and trunk, or active blood
forming organs, Or lens of eyes, O the gonads (this defFinition is
not applicable to the phrase "gkin of the whole body") .

NOTE:  Other terms not herein specifically defined shall be used in
accordance with the definitions in the Recommendations of the National
Council on Radiation Protection and Mcasurements, OfF any successor
therceto, as published in Handbooks of the National Bureau of Standards
or Reports of the NCRP.

1.06 INLTS O F RADIATION DOSE

NOTE: This Section of the Current Regulations ig proposed [or
olimination with the material contained therein given Lhe disposition
an apect fled below:

1.05(1) Incorporaled in part 1.04(1) under definitions
1.05(%) Tneorporated in Part 1.04(80) under de finitions
[.06(8)  Deleted; not umed in the proposed Regulations
[.06(1) Incorporatoed in Parl 1.04(54) under de: finitions
Lon(h)  Tneorpovated in Part 1.04(56) under defint LLons
LLon(e)  Incorporaled in Part 1.04(9) under defint tions

1.06 RIS OF RADIOACTT VITY

NOTE: This Section of the Current Regulations is proposed for
elimination with the material contained therein given the disposition
as specified below:

1.06(1) Incorporated in Pavt 1.04(7) under definitions
1.06(2) Deleted; never used
1.06(3) Inecorporated in Part 1.04(7) under definitions

1.05 EXEMPTIONS

1.05.1 The Agency may, upon application by any person OT upon
its own initiative, grant such exemptions OT exceptions
From the requirements of these regulations as it deter-
mines are authorized by law and will not result in undue
hazard to public health and safety or property.




1.06 INSPECTIONS

1.06.1

1.06.2

1.07 TESTS

&b

Pach registrante shall afford the Agency, at all reasonable
times, opportunity to inspecet sources of radiation and the
premises and facilities wherein such sources of radiation
are used or stored.

Each registrant shall make available to the Agency for
inspection, upon rcasonable notice, records maintained
pursuant to these regulations.

Fach registrant shall perform, upon instructions from the
Agency, or shall pPermit the Agency to perform such
reasonable tests as the Agency deems appropriate or
necessary including, but not limited to, tests of:

(a) Sources of ionizing radiation;

(b) Facilities wherein sources of radiation are used
or stored;

(¢) Radiation detection and monitoring instruments:; and

(d) Other equipment and devices used in connection with
utilization or Storage of registered sources of
radiation,

do

1.08 VIOLATIONS

1.08.1

Any person violating any of the provisions of this article,
for which the penalty is not otherwise provided, or any of
the rules, regulations or orders issued pursuant thereto,
shall be punishable by a fine of not more than two hundred
dollars or by imprisonment for not more than thirty days,
or both,




I — T

1.09 IMPOUNDING

1.09.1 In the event that an emergency exists affecting the public
health and safety, the Agency has the authority to impound
or order the impounding of sources of radiation possessed
by persons who are not equipped to observe or fail to
observe the provisions of these regulations.

1.10 PHOHIBITIONS

1.10.1 Hand-held fluoroscopic screens ghall not be EEEQ;

1.10.2 Shoe-fitting fluoroscopic devices shall not be used or
displayed.

1.11 COMMUNICATIONS

1.11.1 A1l communications and reports concerning these regula—
tions, and applications filed thereunder, ghould be
addressed to the West Virginia Department of Health,
Radiological Health Program, 151 Lleventh Avenue, South
Charleston, West Virginia 253073.

1.12 SEVERABILITY

1.12.1  [f any provision of this article, or the application
thereof to any person or circumstance, shall be held
invalid, such invalidity shall not affect the pro-
visions or applications of this article which can be
piven effect without the invalid provisions ot applica-
tion, and to this end the provisions of this article are
declared to be severable.

1.13 FILING DATE

1.13.1  On as prescribed by State Law, these

regulations were filed with the Office of the Secretary
of State, State of West Virginia.

1.14 CERTIFICATION

1.14.1 These regulations were certified as being received and on
file in the Office of the Secretary of State, State of
West Virginia, on ___ .

1.15 EFFECTIVE DATE

These regulations become effective

e

1.15.1

-10-




PART 2.0

I REGISTRATION

2.01 PURPOSE AND SCOPE

. 2.01.1 This part provides for the registration of sources of radia~
tion. The person having possession of any registrable item
shall register such source of radiation with the Agency in
accordance with the requirements of this part.

2-01.2 For the purpose of Part 2.0 of these regulations, "facility"
. means the location at which one or more devices or sources

are installed and/or located within one building, vehicle,
or under one roof, and/or arc under the same administrative

2.01.3 In addition to the requirements of this part, all registrants
are subject to the applicable provisions of other parts of
these regulations. The-registrant-shall comply-with all

nppl'ir-ablm r'grin'!' ramants ol thesa ragnlsxr'inr\c'

2.02 EXEMPTIONS
. 2.02.1 The following sources of radiation do not require registra-
tion:

(a) Less than 10 times the quantities of any radioactive
material possessed simultaneously, listed in Appendix
C of thesc regulationms.

(b) Natural radioactive materials of an equivalent specific
radioactivity not exceeding that of natural potassium,
(10-9 curies/gm)

(c) Time pieces, instruments, novelties, or devices con-
taining self-luminous elements, except during manu-
facture or repair of the self-luminous elements

. themselves. Such time pieces, instruments, novelties,
or devices shall not be exempt if they are stored, used,
or handled in such quantity or fashion that an individual
might receive a radiation dose exceeding the limits
established in Seetien 3.03.1.

. (d) Domestic television receivers, providing the dose rate
oy

at > cm from any outer surface is less than 0.5 mrem
per hour,

-11-
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Gneddentat teoits operation ber other purposes, pro—
viding Lhe dose rate Lo Lthe whele-beody at the point
of ncaresE-approaeh-to suelr - equipment- when-any
-exbernal- bhleld+ﬂg~iﬁ~¥9mnVEd—dae&—ﬁﬁf'exﬁeed 0.5
em«permye&+mw—?he—pfedﬂettaﬁm—%eetiﬁg—OT—{&etery
-sefv1tfng—et—Sueh—eqaapmnnt— shall not-beexempt-

(e) LlLCfrﬂnLL equlpment that produces 1A radlatlon lﬂ(i—
dental_to its nperatLon for other purposes .__uxompt
r(_blt.t_[ ation . .m(l n()l_lf‘L «1.t10n r(*q_1rcm( 105
his partl Prov1d1nn do equid vnlont rate
nvcr an dTOﬂ_Riann (10)_ qpare contlmote

exe cod () > mrem per | hour at 5 cm from any

—a

suq_‘luu» ui such (_LUILH]](‘HL._ lhe_Lr()d
or fd(tnrz servicing of such equipment nhﬂ}l not be

’(__.ﬂ.ﬂl p .

tion, test 'an

(f) Radiation-producing machines while in transit or
storage incident thereto. Phis—exemptionshali—not
ap—ply—te—the—i}aﬂeﬁﬁﬁﬂ{—teshrrg or—demonstrating™
-of—guch--maehines

.02.2 Common and contract carriers operating within this State
are exempt from registration requirements to the extent
that they transport or store sources of radiation in the
regular course of their carriage for another or storage
incident thereto.

2263 S FENATION-OF AN TNDTYIBUALWHOWitt- BE-RESPONSTBLE-TOR
RADTATEON -PROTECTION

2.03<1 The- owner of —personr—heaviag posgession of amy source of
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Le)  Give-instruetions coneerningtarards -and-safety
: . - - = BT . I =
praetices£o parsons—who-may-he expoged—to

radiationy and

£d) Make- F}U-Wﬁ‘yﬂ——-&ﬁd—"eﬁf—'f?y---f—)ﬂ'ii----ﬁfhe-f-'-ﬁ-f'(-?e-e-dtlf-eﬁ A8 -
requived by- these tegulations.

-When;—in—the—opinion—ei- the-Apeney—the dndividual
~tegiemrted- to—hoa—r esponsible- for-radiation aafo Ly
does aot-hoeve-quatbi-fien trong-anEfietent—to—insure-
4+a{%fpy_++ﬂ—{%H}—ﬂeu+rfaﬂm4k+F—&#r£fﬂ+—h{+—ifr—feﬁfﬂwﬁfhkb4eﬁ
~—the-Apeney-may- order—-the ~Tegistrant—to—designate
—anethar-dindividual - ho--meeto —the—reqitirements - of
Hrig-paragraph.

2.03 APPLICATION FOR REGISTRATION OF RADIATION FACILITIES

2.03.1 The person possessing each registrable item which has not
already been registered, shall:

(a) Apply for registration of such facility with the
Agency within thircy (30) days following the effective
date of these regulations or thel.'_geafvg‘e_r__ﬂ';igr_lzo the
operation of a radiation facility,

(b)_ Make application for registration on forms Furnished
by the Agency and shall supply all the nformation
fequired by the form and accompany ing instructions.

(&) Designate on the application Lorm an individual to be
responsible for radiation protec

Reeistration ahall he made e £ ob+tainedEfrom_tha
» - l.\.L,bJ-.U U SLITE T LA i) = w g wg T AOCTTIICT peR A v & o g BEgF S 2 g L 8% i 3wy
.
Fa—tthe-—praanoa, AL YEmr b o 3 g +the-—Fesictrant o n‘ll
- - By Yy L 3 3 ey lJLU\_.L-n_lIJ L g =y L\—bJ_lJI-.LLI.I. I_UIL, L= @ 3 -y T \_.BJVUI_.L Ay ay orrrTy
okt faxrtrh 11 ARl i onh o informatrian  waallod o lais hl-.e
L= gy — LCrITUAT L S LK.]JP-L..I.\_.LLI_J.L\_. AT TR I T 1 O% |\ o iy ey LA = U_y L=
forip-or-cuch LnfEormatian oo +ho A cenosz maiz Speeifs
FUTRTeETSuehRrornaten—as—the—Ageney-may speeify,

25043 A - . : i £ G N T leted —fo
- ) Y DL.]JCLLCI.L.C I.CHIDLLCI.L.LUII R e iy 4 e D § X = e o L vl l.UIHPJ.CLtc[ ]

~eageh-dnstallation.
g_gil RENEWAL OF REGISTRATION

2,04.1 The person possessing each registrable item shall renew

- such registration with the Agency at a date to be
speclfied by the Agency nor later than within six (6)
months of the effective date of these regulations and
every three years thereafter.

~13-
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2,00k %he—pefﬁ0ﬁ~pnﬂSEﬁsiﬁg—Eﬂﬁh_reg%ﬂkfﬁbleﬂiﬁeﬁ-ahal%nreﬁfstef-
such -itenwith—theApgency- within30—daye —afEer-the—e f Eeetive
date ofthese—repulatiens.

2052 44?%Hﬂﬁ+~i€&m—iﬁ“&eQHi%ed—ﬂéﬁef—%he~ef£e&EiVe—dﬂ%€~{H;wH¥} -----
Pegﬂ%ﬂeieﬂe;-Ehewﬁeﬁﬁeseefnﬁhﬂ1%~fegi5%e¥wwi£hiﬁmBgmé&y&

_after aequisition
2.05 REPORT OF CHANGES
2.05.1  lixcepl as pro wided in Part 2.05.2, the registrant shall

notify the .ﬁzﬁpﬂ_ip__w_r_é-_t_i_.zm_xi_t_l'.ﬁ_n_tcfj._u_@_),t1.618_:-1__1."_‘&(&_man .

chanpe which renders the information on registration no

longeg_acgggate.__Iu the case of disposition of radiation
ﬁourcegl_guch notification shall s ecify the recipient of

2.05.2 The registrant is not required to notify the Agency of the
use of_radiation sources at a temporary location other than
the designated storage location, provided the initial

_egistration;ﬁhgys that their use at temporar locations 1is

normg}_;gﬂEhg_conduc; of the registrant's operations.

2.06 APPROVAL NOT IMPLIED

2.06.1 No person, in any advertisemant, shall refer to the fact
that o source of radiation is repistered with the Agoency,
and no person shall state or imply that any activity
under such registration has been approved by the Agency.

2.07 VENDOR OBLIGATION
2.07.1 (a) Each person who is engaged in the business of

installing or offering to install radiation _sgurces
or is engaged in the business of furnishing or

offering to furnish radiation source servicing OX
services in this State, shall apply for registration
of such services with the Agency within thirty (30)

M R e

days following (the effective date of these regulations)
or thereafter prior to furnishing or offering to furnish

any such services.

(b) _Any _person who sells, leases transfers or lends _

DC Dy e

radiation sources in this state shall notify

. L Le ot =

e ———

within thirty (30) days after the end of each calendar
quarter of:

—14-




(1) The name and address of persons who have
received these sources;

{(ii) The manufacturer and model of each source trans—
ferred;

(iiil) The date of Eransfer of cach radiation source.

2:07.2 No person shall make, sell, lease, transfer, lend or_install
K:E?X_EHEIRNQEEHQE_f“djOQﬂljy“ miterial sources or auxiliaries
and supplics necessary for the safe operation of such equip~
ment unless such supplies and _equipment, when placed in
operation and use, will meel the requirements of these

Lk

reguls

ons.

2.08 OUT-OF-STATE REGISTRABLE ITEMS
2.08.1 Whenever any out-of-state registrable item is to be brought

into West Virginia-by—any—n@n=¥@gis&;an@-for any temporary
usc, usage-er—sterage, the person proposing to bring such
item into the state or his authorized agent shall give
written notice to the Agency at least five (5) days before
such entry. The notice shall include the item type and
energy Eggpﬂgggiiﬁgiggi-oﬂ themi{emywﬂagur91~aad_ﬁgapﬂﬁaﬁ
+the-use.or sterage, the dural ien of-use within the state
andwthe~exaetniﬁeaf40ﬂ~o£muse~andmﬂt@fﬂge. the nature,
duration, and scope of use; and the gxact location where
Ehg;jgﬁ}ﬁyﬁﬂhkg_ite@_iguggnbg_gggd. If for a specific
case, the H-day period weuld will dimpose an undue heandicap
Ao parson may apply Lo -tlke /\;—-,(--*n_t__-y by -deteer or Lelepran

Tor permission 4w wadve Lhe Deday.radud ramant . hardship
on_the person, he may, upon pplication to the Apency,
obtain permission to procecd sooner. Tn addition, Lhe
out-of-state person must:

(a) Comply with all applicable regulations of the
Agency; and,

(b) Supply the Agency with such other information as
the Agency may reasonably request.

60 —days—of-any consecutive 32 morrths—it—shall be-
-pegis{e¥ed—iﬂ«aeee%éaﬂee—with—this—Parf.

2.09 RADIATION PROTECTION REQUIREMENTS

2,09 Repgistrant s and_ persons subject to 2,08.1 shall comply with
all applicable requirements of these regulations, provided,
however, (hat apart from registration, nothing in these
regulations shall apply to any person to the extent that
such person is subject to regulation by the United States
%tamiﬂvﬂnefgymGemmissieﬂgﬁqplcar Regulatory Commission and
any legal successor thereof.

=15~




PART 3.0

RADIATION PROTECTION STANDARDS

3.01 PURPOSE AND, SCOPE
3.01.1 This part establishes standards for protection against

radiation hazards. Iixcept as otherwise specifically pro-
vided, this part applies Lo all registrants. Nothing in
this part_shall be interpreted as limiting _the intentional

for the purpose of med ical

cxposure_of patients to radiation

diagnosis or_therapy.

3.01.2 Tn addition to cowplying with thc requirements set forth
in this part, every reasonable cffort should be made to

maintain radiation .EEJ”QS_@W_C&‘*_L__.f?L“LL@.L&lLC-‘?_Of__f".%ﬁ-_f_’fl_c-f-_i_"‘%

to unrestricted areas, as far below

materials in cflluents _as
the limits specified in this part as practicable. The
term "as far below the 1imits specified in this part as
practicable' means as low as is practicably achievable
taking into account the state of technology, and the

economics of improvements in relation to benefits to the

public health and safety and in relation to the utilization
gﬁvioniggqﬁ_radiation in the public interest.

. 3.02- RADIATION-PROTECTION EIMITS-IN-CONTROELED-AREAS—
3.02 RADIATION_DOSE TO _INDIVIDUALS IN RESTRICTED. AREAS'

3.02.1 Except as provided in 3.02.2, no registrant shall possess,
use, roeceive, or transler sources of radiation in such a
mapner as to cause any individual in a -controilled
restricted area to receive in any period of one calendar
quarter from all sources of radiation in the dieensee's-
or registrant's possession a dose in excess of the limits
specified in %hemﬁei%ewiﬁg_€ab}e+-Table_A;%%

TABLE A ¥
RADTATION PROTECTION LIMITS

REMS PER
CALENDAR
PORTION OF BODY QUARTER
(a) Whole body; head and trunk; active blood-
forming organs; lens of eyes; or gonads—--——= 1 1/4
(b) Hands and forearms; feet and ankles———————"— 18 3/4
(¢) Skin of whole body=—=——mmm—T T T T T T T 7 1/2

lpor determining the doses specified in 3.02 a dose from x or gamma rays up to
10 MeV may be assumed to be equivalent to the exposure “measured by a_properly
calibrated appropriate instrument. in_air at_or mear ‘the body surface in the

—16—




3.02.2 Radiation Doses Greater Than Table T¥ A. A registrant may
permit an individual in a eontrelled restricted area to

receive a dosc to the whole body greater than that permitted
under 3.02.1, provided:

(a) During auny calendar quarter the dose to the whole
body from sources of vradiation in the registrant's
possession shall not excecd 3 rems; and

(h) The dose Lo the whole body, when added to the
accunulated occupational dose to the whole body,
shall not exceed 5(N-18) rems where "N" equals
the individual's age in years at his Jlast birthday;
and

(¢) The registrant has determined the individual's
accumilated occupational dose to the whole body on
Form RU-14 or on a clear and legible record con-
taining all the information required in that form
and has othcrwise complied with the requirements
of 3.02. As used in 3.02.2, "dose to the whole body"
shall be deemed to include any dose to the whole body,

_éonads, active blood-forming organs, head and trunk,

or lens of eye.

3.02.3 Determination of Accumulated Dose

(a) This section contains requirements which must be
satisficd by registrants who pPropose, pursuant to
3.02.7(b) to permit individuals in a restricted area
to receive exposure to radiation in excess of the
Timits specified in 3.02.1.

(b) Before permitting any individual in a restriclted area
to be exposed to radiation in excess of the limits
specified in 3.02.1, each lieensee -or registrant shall:

(1) Obtain a certificate on Form RH-14 or on a
clear and legible record containing all the
information required in that form, signed by
the individual, showing each period of time
after the individual attained the age of 18 in
which the individual received an occupational
dose of radiation; and

(2) Calculate on Form RH-14 in accordance with the
instructions appearing therein, or on a clear
and legible record containing all the informa-
tion required in that form, the previously
accumulated occupational dose received by the
individual and the additional dose allowed for
that individual uader 3.02.2.

-17-




(¢) (1) tn the preparation of Form Ril-14 or a clear

and legible record containing all the informa—
rion required in that form, the registrant shall
make a reasonable effort to obtain reports of
the individual's previously accumulated occupa-
tional dose. For each period for which the
registrant obtains such reports, he shall use
the dose shown in the report in preparing the
form. any case where a registrant is unable
to obtain reports

In
of the individunl's occeupa-

Fional dose for a previous complete calendar
quarter, it shall be assumed that the individual
has received the occupational dose gpecified in

whichever of the following columns apply:

Part of Body

Column 1
Assumed Dose in
Rems for Calendar
Quarters Prior to

January 1, 1961

Whole body,
blood-Tormi
and trunk,

ronads, active
ny, Organs, head

lens of eye

3 3/4

(2)

Column 2
Assumed Dose
for Calendar Quarters
Beginning on ot After
January 1, 1961

in Rems

The registrant shall retain and preserve records

used in preparing Form

Rii—=14. 1If calculation of

the individual's acenmulated occupational dose
for all periods prior to January 1, 1961, yiclds
a result higher than Lhe applicable accumulated
dose value for the jndividual as of that date, as
specified in 3.02.2(b), the excess may be disre~
garded.

3.02.4

Txpo

Material in Gomtroltied Res

(a)

sure of Individuals to Concentrati

ons of Radioactive

No registran

ricted Areas

r shall possess,

use, receive, Or transfer

radioactive material in such a manner as to cause an
individual in a yestr}cted area to be exposed to air-
borne radiocactive material in an average concentration

in excess of the limits specified in Appendix A,

Table I, of Part 9.0.

"Expose,'

as used in this

section me

ans that the individual is pre

gsent 1n an

airborne concentration.
For the use of protective
particle size, except as

No allowance shall be made
clothing or equipment, oOT
authorized by the Agency

pursuant to 3.02.4(c) .-
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(b)

(¢)

The limits given in Appendix A, Table I, of Part 9.0
are based upon exposure to the concentrations specified
for forty (40) hours in any period of seven (7) con-
Sccutive days, In any such period where the number of
hours of exposure is less than forty (40), the limits
specified in the table may be increased proportionately,
In any such period where the numher of hours of

exposure is greater than forty (40), limirs specified

in the table shall be decreased proportionately.

(1) lxcepr as authorized by the Agency pursuant to this
paragraph, no allowance shall be mrde for particle
s1ze or the use ol protective clothing or equip-
ment in determining whethor an individual s
exposed to an airborne concentration in cxcess of
the limits specificd in Appendix A, Table I.

(2) The Agency may authorize g registrant Lo expose an
individual in a c@ntxelledlzgggzicted area to
airborne concentrations in excess of the limits
specified in Appendix A, Table I, upon receipt of
an application demonstrating that the concentration
is composed in whole ov in part of particles of
such sizoe that suel particles are not respirable
and that the individuaal will not inhale the con-
centrations in excess of the limits established
in Appendix A, Table I, Each application under
this subparagraph shall include an analysis of
particle sizes in the concentrations and a
description of the methods usced in determining
the particle sizas.

(3)  The Apency may authorize g registrant to expose
an individual in 2 restricted area to airborne
concentrations in excess of the limits specified
in Appendix A, Table L, upon receipt of an
application demonstrating that the individual will
wear appropriate protective equipment and that the
individual will not inhale, ingest, or absorb
quantities of radioactive material in excess of
those which might otherwise be permitted under this
part for individuals in restricted areas during a
40-hour week. Each application under this sub-
paragraph shall contain the following information:

(i) A description of the pProtective cquipment to
be employed, including the efficiency of the equip-
ment for the material involved;

(i) Procedures for the fitting, maintenance, and
cleaning of the protective equipment




e

(iii) Procedures governing the use of the pro-
tective equipment, including supervisory procedures
and length of time the equipment will be used by

the individuals in each work week. The proposed -
pg;jgg&Lﬁgg;igg;gf“thc equipment by any individual

should not be of such duration as would discourage .
observance by (he individual of the proposed

procedures; and

(iv) 'The average concentrations present in the
arcas occcupied by individuals, I

3.02.5 -Radi&%éeﬂw%ﬁﬂeﬁﬂa+igﬂyﬁig§_Qf_Minorsz

(1) No registrant shall possess, use, or transf{er sources
of radiation in such o manner as Lo cause any individual
within a centrolled-restricted area, who is under 18
years of age, to recoive in any period of one calendar
quarler from al]l sources of radiation in such registrant's .
possession a dose in excess of 10 percent of the limits
specified in Table TV Table A in 3.02.1.

(b) No registrant shall possess, use, OF transfer radio-
active material in such a manner as to cause any
individual within a econtreotled restricted area, who is
under 18 years of age, L0 be exposcd to airborne radio-
active material in an average concentration in excess
of the limits specified in Appendix A, Table 1T, of
Part 9.0. For purposes of this paragraph, concentrations
may be averaged over periods not greateyr than a week.

(¢) The provisions of 3.02.4(c) shall apply to cxposures .
subject to 3.02.5(b).

3:03 AADIATION PROTECTION-IMITS—HN-UNCONTROLEED-AREAS
3.03 RADIATION DOSE TO INDIVIDUALS IN UNRESTRICTED AREAS

3.03.1 Except as authorized by the Agency pursuant to 3.03.1(b) no
registrant shall possess, usé, OT transfer sources of
radiation in such a manner as to create in any uneontrelied
unrestricted area from such sources of radiation in his
possession:

(a) Radiation levels which, if an individual were con- .
tinuously present in the area, could result in his
receiving a dose in excess of 2 millirems in any
1 hour; or

2For determining the doses Sl)e_QLfiﬂd_.in_-.Lhib;ﬁﬁ&LLQn_L_&,dQﬁﬂ_imm_)i
_or_gamma rays up_ o 10 MeV may be assumed to be equivalent to the

exposurc measured by a properly calibrated appropriate instrument

in air at or near the body surface in the region of the highest dose




3.03.2

3.03.3

(b) Radiation levels which, if an individual were con-~
tinuously present in the area could result in his
receiving a dose in excess of 100 millirems in any
7 consecutive days,

~L Raadgpmi=i i IR, IR BT 1ileal + & x
LA AN b iy = 2 e g ) i P e ity ) WITTCIT LSTn & Lo ) v WL L= N J_J—(\‘._.-L] UF e g o ) Cl-lry
el iard e . ) N hadar 4
indiwidaal reeetva-a-dose—to—the whele oady- -dn—any—

Any person may apply to the Agency for proposed limits upon
levels of radiarion in ﬂnﬁﬂnffﬂ}+edquzgiﬁpigggd areas in
excess ol those specified in 3.03.1 resulting from the
applicant's possession or use of sources of radiation. Such
applications should includc information as to anticipated
average radiation levels and anticipated occupancy times for
each uneentrolled unrestricted arca involved. The Agency
will approve the proposed limits if the applicant demonstrates
to the satisfaction of the Agency that the proposed limits
are not likely to cause any individual to receive a dose to
the whole body in any period of one calendar year in excess
of 0.5 rem.

%ﬂdiﬂ&ekiviEy-Qgggggp£ggigﬂ in Fffluents to Uncontrolled

Unrestricted Areas

(a) A registrant shall not possess, use, or transfer
registered material so as to releasc to an uneentrelled
unrestricted area radioactive material in concentrations
which exceed the limits specified in Appendix A, Table II
of Part 9.0, exeept as authorized pursuvant te 3.09.7 or
3.03.3(b). TFor purposces of this scetion concentrations
may be averaged over a period not greater than one Vear,

(b) Any person may apply to the Agency for proposed limirts
higher than those specified in 3.03.3(a). The Agency
will approve the proposed limits if the applicant
demonstrates:

(1) That the applicant has made a reasonable effort
to minimize the radioactivity contained in
effluents to wneontrelled unrestricted areas; and

(2) That it is not likely that radioactive material
discharged in the cffluent would result in the
exposure of an individual to concentrations of
radioactive material in air Oor water exceeding
the limits specificd in Appendix A, Table II of
Part 9.0,

(c) An application for higher limits pursuant to 3.03,3(hb)
shall include informarion demonstrating that the
applicant has made a reasonable effort to minimize the
radioactivity discharged in effluents to uneontrolled-
unrestricted areas, and shall include, as pertinent:
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(1)

(2)

(3

(4)

(5)

(6)

Information as to flow rates, total volume of
effluent, peak concentration of each radionuclide
in the effluent, and concentration of each radio-
auclide in the effluent averaged over a period of
one year at the point where the effluent leaves a
stack, tube, pipe, OT gimilar conduit;

A description of the properties of the effluents,
including:

(i) Chemjcal composition,

(ii) Physcial characteristics, including suspended
solids content in 1iquid effluents, and nature of
S OT aerosol for air effluents,

(iii) The hydrogen ion concentrations (pll) of
1iquid effluents, and

(iv) The size range of particulates in effluents
released into air;

A description of the anticipated human occupancy
in the anrestricted area where the highest conced=
tration of radioactive material from the affluent
is expected, and, in the case of a river or stream,
a description of water uses downstream from the
point of release of the effluent;

information as to the highest concentration of each
radionuclide in an uﬁe@a%%ekled.pﬂtgﬁyjiggﬁg_area,

including anticipated concentrations averaged over
a period of one year:

(i) In air at any point of human occupancy, Or

(ii) 1In water at points of use downstream from
the point of release of the effluent;

The background concentration of radionuclides in the
receiving river or strean prior to the release of
liquid effluent;

A description of the environmental monitoring equip-
ment, including sensitivity of the system, and pro-
cedures and calculations to determine concentrations
of radionuclides in the-aﬁeeﬂffe%&eé-unrestricted
area and possible reconcentrations of radionuclides;
and
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73 A description of the waste treatment facil<ir: .
and procedures used to reduce the concentratior
. of radionuclides in effluents prior to thei:
release.

e purnoses of this section, the conceatrat+a-
Liriis in Appendix A, Takle IT of Part 9.0 ann
. £7 the boundary of the wentrelled- restrvictred =

e rcopeentration of radicactive material diccha
Taveurh a stack, pipe or similar conduvit may e

«c wiith vespect to the point where the mate
reaves the conduit, 1f the conduit discharges !
Lo wenerelled restricted area, the concentratic

= boundary mav be determined by applying appis
ctors for dilution, dispersion, or decay betr
point of discharge and the boundary.

{2} In addition to limiting concentrations in effluert
~treams, the Agency may limit quantities of radi
paterial released in air or water during a specif
pevied of time if it appears that the daily dintake o
racdioactive material from alr, water, or food by a @y
able sample of an exposed pepulation group, avevansd
over a period not exceeding one year, would orherw! s.

2ed the daily intake resulting from continunze

“xpesure to air or water containing one-third (i/% “he
cepcentration of radicactive material specified in

. Appendix A, Table II of Part 9.0.

[0

(£) The provisions of this section do not apply t¢ dignosal
of radioactive material into sanitary sewerage svstems,
which is governed by 3.09.3.

3.03.4  Orders Recuiring Furnishing of Bioassay Services. Waers
necessary or desirable in order to aid in determining the

t of an individual's exposure to concentrations of
dve material, the Agency may incorporate reg? X
ons or issue an order requiring a registrant to make
availabie to the individual appropriate biocassay services

and to furnish a copy of the reports of such services Lo the

2T LY.

3.04 SURVEYS
204,10 As used in the regulations in this part, "survey" means an

. cwajuation of the radiation hazards incident to the sro«
tion, use, release, disposal, or presence of radioactive
materials or other sources of radiation under a specific
gt of conditions., When appropriate, such cvaluation
inciudes a physical survey of the location of materials and
equipmint, and measurements of levels of radiation or

. concentrations of radioactive material present,




3.05

3.06

3.04.2 fach registrant shnll make or causc Lo be made such surveys
as may be necessary for him Ln-eﬂmplymwi%h~%hemfegﬂl&tieﬂ&
“ir—thispart cstablish compliance Wi th these regulations.

PERSONNEL MONITORING

Fach registrant shall supply appropriate personnel monitoring equip-—
ment to, and shall require the use of such equipment by:

gnder such circnmstances that he receives, or ig likely to
receive, o dose in any calendar quarter in exXcess ol 25
percent of the applicable valuce gpecified in 3.02.1.

3.00.10 Fach individual who enters EJ—C(H%EF{¥L¥E&L.Eﬁstﬂilpij?d aroea

3.05.2 Tach individual under 18 years of age who enters a eontrotied
Eggggigggg_area under such circumstances that he receives,
or is likely to receive, a dose in any calendar quarter in
excess of 5 percent of the applicable value gpecified in
3.02.1.

3.05.3 Each individual who enters 2 high radiation area.

POSTING, LABELING, AND CAUTION SIGNALS
3.06.1 Symbols and Other Contents

(a) FExcept as otherwise authorized by the Agency, symbols
prescribed by this scction shall use the conventional
radiation caution colors (magenta or purple on yellow

background) . The symbol prescribed by this section is
the conventional three-blade design:

RADTATION SYMBOL

1. Cross—hatch area is to be magenta or purple.
2. Backeground is to be yellow.
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(b} In addition to the contents of signs and labels pre-
seribed in this section, a registrant may provide on
or near such signs and labels any additional informa-

. tion which may be appropriate in aiding individuals
to minimize exposure to radiation.

06,2 Signs

(a) Radiation Arecas. Each radiation area shall be Cor—
spleuocusly posted with o fipn or signs bearing the
radiation caubion symha] and the words:

va T el
CAUTTION
RADTATION AREA
. (b) High Radiation Areas
{1) TEach high radiation area shall be conspicuously

posted with a sign or signs bearing the

radiation caution symbel and the words:
CAUTTON?

HIGH RADIATION AREA

(2) Each entrance or access point to a high radiation
area shall be:

. (1) Equipped with a control device which shall
either cause the level of radiation to be reduced
below that at which an individual might receive
a dose of 100 millirems in 1 hour upon entry into
the area; or

(i1) Equipped with a control device which shall
energize a conspicuous visible or audible alarm
signal in such a manner that the individual
entering the high radiation area and the registrant
oY a supervisor of the activity are made aware of
the entry; or

. (1ii) Maintained locked except during periods
when access to the area is required, with positive
control over each individual euntry.

(3) The controls required by 3.06.2(b)(2) shall be
established in such a way that no individual will
. be prevented from leaving a high radiation area.

40¢ "Danger‘.
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bor "panger"

(d)

(4) 1In the case of a high radiation area established
for a period of 30 days or less, sueh-control
device is net-required direct surveillance to
prevent unauthorized entry may be substituted for
the controls required by 3.03.3(c)(2).

(5) Any registrant may apply to the Agency for approval
Qﬂjm;gggkilyn:included in 3.06.2(b)(2) and (4) for
ggg}roll@EHMQQCQSS_ngjggg_radiatioq_greas. The
Agency will approve the proposed alternatives if
the registrant demonstrates that the _alternative

methods of control will prevent unau thorized entry

into a high radiation area, and that the require-

WEEF_HE_Q;QE;Q(b)(3) is met.

N AN S ——

Airborne Radioactivity Areas. Fach airborne radio-
activity area shall be conspicuously posted with a
sign or signs bearing the radiation caution symbol and
the words:

cAUTTON?
ATRBORNE RADIOACTIVITY AREA

Additional Requirements

(1) Each area or room in which any radioactive material,
other than natural uranium or thorium, is used or
stored in an amount exceeding 10 times the quantity
of radiocactive material gpecified in Appendix B of
part 9.0 shall be conspicuously posted with a sign
or signs bearing the radiation caution symbol and
the words:

CAUTTON?
RADTOACTIVE MATERIAL

(2) FEach area or room in which natural uranium or
thorium is used or stored in an amount exceeding
one hundred times the quantity specified in
Appendix B of Part 9.0 shall be comnspicuously

posted with a sign or signs bearing the radiationm
caution symbol and the words:

cauTION?

RADTOACTIVE MATERTAL
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3.06.3 Labeling Containers

(a) Except as provided in 3.06.3(c) each container of
radioactive material shall bear a durable, clearly
visible label identifying the radioactive contents.

(b) A label required pursuant to 3.06.3(a) shall bear
the radiation caution symbol and the words:

cautTon?

RADTOACTIVE MATERTIAL

It shall also provide sufficient information® to
permit individuals handling or using the containers,
or working in the vicinity therecof, to take pre-
cautions to avoid or minimize exposures.

(c) Notwithstanding the provisions of 3.06.3(a), labeling
is not required:

(1)

(2)

(3)

(4)

(5)

4oy "Danger"

For containers that do not contain radioactive
material in quantities greater than the applicable
quantities listed in Appendix B of Part 9.0; of
these regulations

For containers containing only natural yranium or
thorium in quantities no greater than ten (10)
times the applicable quantities listed in Appendix
B of Part 9.0;

For containers that do not contain radioactive
material in concentrations greater than the
applicable concentrations listed in Column 2,
Table I, Appendix A of Part 9.0;

For containers when they are attended by an
individual who takes the precautions necessary
to prevent the exposure of any individual to
radiation or radioactive material in excess of
the limits established by the regulations in
this part;

For containers when they are in transport and
packaged and labeled in accordance with regulations
published by the Department of Transportation:

As appropriate, the information will include radiation levels,
kinds of material, estimate of activity, date for which activity

is estimated, etc.
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e

(6) For containers which are accessible only to
individuals authorized to handle or use them
or Lo work in the vicinity thereof, provided
that the contents are identified to such
individuals by a readily available written
record; and

(7) For manufacturing and process equipment such
as piping and tanks.

3,06.4 Labeling Radiation Machines. All radiation machines shall
he labeled in a manner which cautlions individuals that
radiation is produced when the machine is bheing operated.

3.06.5 kxceptions from Posting and Labeling Requirements. Not-
withstanding the provisions of 3.06:

(a) A room or area is not required to be posted with a
caution sign because of the presence of a sealed
source, provided the radiation level twelve (12)
inches from the surface of the source container or
housing does not exceed five (5) millirem per hour.

(h) Rooms or other areas in hospitals are not required to
be posted with caution signs, and control of entrance
or access thereto pursuant to 3.06.2(b) is not required,
because of the presence of patients containing radio-
active material provided that there are personnel in
attendance who will take the precautions necessary to
prevent the exposure of any individual to radiation or
radioactive material in excess of the limits established
in the regulations in this part.

(c¢) Caution gigns are not required to be posted in areas
or rooms containing radioactive material for periods
of less than eight (8) hours provided that:

(1) the material is constantly attended during such
periods by an individual who shall take the
precautions necessary to prevent the exposure of
any individual to radiatjon or radioactive
material in excess of the limits established in
this part, and

(2) such area or room is subject to the registrant's
control.

6For cxample, containers in locations such as water—-filled canals,
gtorage vaults, or hot cells.
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3.07

3.08

3.09

A room or_other area is wot required to be posted
with a caution sign, and conirol is not required for
each entrance or access point to a room or other area
which is a_hiph radiation area solely because of the
bresence of radioactive material prepared for trans—
port and packaged and labeled in accordance with
regulations of the Department of Iransportation.

INSTRUCTION OF PERSONNEL

3.07.1

Safety Tnformation. FEach repgistrant shall inform individuals
working in ov frequenting any portion of a contrelled
restricted urea of the occurrence of radiation or sources

of radiation in such portions of the <ontrollied- restricted
areaj; shall instruct such individuals in the safety problems
associated with exposures to such sources of radiation and
in precautions or procedures to minimize exposure; shall
instruct such individuals in the applicable preovisions of

the Agency regulations for the protection of personnel from
eXposures Lo radiation or radioactive materials.

STORAGE OF SOURCES OF RADIATION

3.08.1

Sources of radiation shall be securcd against unauthorized
removal from the place of storage and shail be provided
with reasonable protection against loss, leakage, or disper-
sion by the effects of fire or water.

WASTE DISPOSAL

3.09.1

3.09.2

General Requirement. No registrant shall dispose of any
radioactive material except:

(a) By transfer to an authorized recipient as provided

in 3 10.2;

(b) As authorized pursuant to 3.03.3, 3.09.2, 3.09.3 or
3.09.4,

Method of Obtaining Approval of Proposed Disposal Procedures.

(a) Any person may apply to the Agency for approval of
proposed procedures to dispose of radioactive material
in a manner not otherwise authorized in this part.

(b) Each application shall include a description of the
radioactive material, including the quantities and
kinds of radioactive material and levels of radio-
activity involved, and the proposed manner and con-
ditions of disposal.
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3.09.3

3.09.4

(c)

(d)

The application, where appropriate, should also
include an analysis and evaluation of pertinent
information as to the nature of the environment,
including topographical, geological, meteorological,
and hydrological characteristics; usage of ground

and surface waters in the general area; the nature
and location of other potentially affected facilities;
and procedures to be obscrved to minimize the risk of
unexpected or hazardous cxposures.

The Agency will not approve any application for a
registration to recejve radioactive material from
other persons for disposal on land not owned by a
State or the Federal Government.

Disposal by Release Into Sanitary Sewerage Systems. No
registrant shall discharge radioactive material into a
sanitary sewcrage system unless:

(a)
(b)

()

(d)

It is readily soluble or dispersible in water;

The quantity of any radioactive material released
into the system by the registrant in any one day does
not exceed the larger of the following:

(1) The quantity which, if diluted by the average
daily quantity of sewage released into the
sewer by the registrant, will result in an
average concentration not greater than the
limits specified in Appendix A, Table T,
Column 2, of Part 9.0, or

(2) Ten (10) times the quantity of such material
specified in Appendix B of Part 9.0;

The quantity of any radicactive material released in
any one month, if diluted by the average monthly
quantity of waste water released by the registrant,
will not result in an average concentration exceeding
the limits specified in Appendix A, Table I, Column 2,
of Part 9.0; and

The gross quantity of radioactive material released
into the sewerage system by the registrant does not
exceed one (1) curie per year.

Excreta from individuals undergoing medical diagnosis
or therapy with radioactive material shall be exempt
from any limitations contained in this section.

Disposal by Burial in Soil. No registrant shall dispose
of radioactive material by burial in soil unless:
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(a) ‘the totol quantity of radicactive material buried at
any one location and time deoes nor excead, at thoe time
of burial 1,000 times rthe amount specified in
Appendix B of Part 9.0; and

(b) Burial is at a mninimum of lour (4) feer: and

(¢) Successive burials arc separated by distances of at
least six (6) feet and noi more than L2 burials are
made in any vear,

1.09.5 Disposal by lacincratl fon.  No repgistrant shall incinerate
radivactive material for tho purpose of disposal or pre-

paration for disposal except as specifically approved by
the Agency pursunant to 3.03.3 and 3.09.2.

3.10 TRANSFER OF MATERIAL

3.10.1 No registrant shall transfer radioactive material except sas
authorized pursuant to this scction.

3.10.2 Any registrant may transfer radioactive material:

(a) To the U. 3. Atende—Hneray -Commission Nuclear
Regulatory Commission;

(b) To any person authorized to receive such material
under terms of a general license or its equivalent,
or a specific licensc or equivalent licensing
document, issued by the U. S. Atomie -Energy  Commiosion
Nuclear Regulatory Commission, or any agreementf state,
or to any person otherwise authorized to receive such
material by the Federal! Government or any agency
thereof, or any agreement state; or,

(¢) As otherwise authorized by the Agency in writing.

3.11 INTRASTATE TRANSPORTATION OF RADIOACTIVE MATERIAL

3.11.1 The provisions of this part apply to transportation of
radioactive material, or the delivery of radioactive
material to a carrier for transportation, which is not
subject to the rules and regulations of the U. §.
-Atomiet : wrkssion Nuclear Regulatory Commission,
the 1J. S. Department of Transportation, the U. S,
Postal Service and other Federal agencies.

3.11.2 No registrant shall transport any radioactive material
outside of the confines of his plant or other authorized
location of use, or deliver any radioactive material to
a carrier for transportation, unless the registrant
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complices with all requirements, appropriate to the mode

of transportation, relating to the packaging of the radio-

active material, and to the marking and labeling of the

package and transporting vehicle, of the rules and regu- )
lations, as amended of the U. $. Department of Transportation .
and other Federal agencies regulating the transportation of
radioactive material.

3.12 RECORDS .

3.12.1 Fach registrant ahall maintain records showing the radiation
doses of all individuals for whom personnel monitoring is
required under 3.05 . —of—this- Pare. Such records shall be
kept on Form RH-15 in accordance with the instructions
contained in that form, or on clear and legible records
containing all the information required by Form RH-15. The .
doses entered on the forms or records shall be for periods
of time not exceeding one calendar quarter.

3.12.2 Upon termination of employment of an individual, the indi-
vidual and/or Agency shall, upon request, be supplied with
a summary statement of that individual's radiation dose.
This record shall include statements of any circumstances
wherein the dose to the employee from any source of
radiation, exceeded those gpecified in these regulations.
Employee records must be kept available for inspection by
the Agency during the tenure of employment of an employee
and for a period of five years thereafter.

3.12.3 Fach registrant shall maintain records in the same units used .
in these regulations, showing the results of surveys required
to comply with these regulations and disposals made under

3.09.

3.12.4 Records of individual exposure to radiation_and to radio—
active material which must be maintained pursuant to the
provisions of 3.12.1 and records of bioassays, including
results of whole body counting examinations, made pursuant
to 3.03.4 shall be preserved indefinitely or until the
Agency authorizes their disposal. (Records which must be
maintained pursuant to this part may be maintained in_the

form of microfilms} . .

3.12.5 An accurate accounting for all radioactive materials shall be
maintained for a radiation installation. Such records shall
show radioactive materials received, produced, transferred
and disposed, the amounts and form of the radioactive
materials, and such information as may be necessary to account .
for the difference between the amount of radioactive
materials received or produced and the amount on hand. Such
records shall be retained for at least five years after the
final disposition of any radioactive material.
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3.13

3.12.6

REPORTS

3.13.1

3.13.2

3.13.3

3.13.4

Copies of all records required under these regulations
shall be transferred to the Agency in the event of
termination of the registrant's business operations and
at such other times as the Agency may direct.

Report to Employees and Others of Radiation Dosage. Each
registrant, at the request of any individual employed or
associated with him, shall advisc such individual annually
of the individual's exposurc to radiation as shown in
records maintained by the registrant pursuant to 3.12.1,

Report to Former Employees and Others of Exposure to
Radiation

(a) A registrant, at the request of any individual for-
merly employed or associated with him (i.e., student,
craftsman, etc.) shall furnish to such individual a
report of his exposure to radiation as shown in
records maintained pursuant to 3.12.1. Such report
shall be furnished within 30 days from the time the
request is made and shall cover each calendar quarter
of the individuals employment or association involving
exposure to radiation, or such lesser period as may be
requested by the individual. The report shall also
include the results of any calculations and analysis
of radioactive material deposited in the body of the
individual and made pursuant to the provisions of
3.03.4. The report shall be in writing and contain
the following statement:

"This report is furnished to you under the pro-
visions of the West Virginia Department of Health
regulations entitled, "Radiological Health
Regulations". You should preserve this report
for future reference."

(b) The individual's request should include appropriate
identifying data, such as social security number and
dates and locations of employment or association.

Reports of Theft or Loss of Sources of Radiation. Each
registrant shall report by telephone and telegraph and con-
firm promptly by letter to the Agency the theft or loss of
any segistrable-source of radiation immediately after such
occurrence becomes known,

Notification of Incidents
(a) Immediate Notification. Each registrant shall immeddi-
ately notify the Agency by telephone and telegraph of

any incident involving any source of radiation possessed
by him and which may have caused or threatens to cause:
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(1) A dose to the whole body of any individual of
75 rems or more of radiation; a -expesure dose
to the skin of the whole body of any individual
of 150 rems or more of radiation; or a-expesure-
dose to the feet, ankles, hands, or forearms

of any individual of 375 rems or more of
radiation; or

(2) The releasc of radioactive material in concentra-
tions which, If averaged over a period of 24 hours,
would exceed 5,000 times the limits specified for
such materials in Appendix A, Table Il, Part 9.0;
or

(3) A loss of one working week or more of the operation
of any facilitics af fected; or

(4) Damage to property in excess of $100,000.

(b) Twenty-four Hour Notification. Each registrant shall
within 24 hours notify the Agency be telephone and
telegraph of any incident involving any source of
radiation possessed by him and which may have caused or
threatens to cause:

(1) A dose to the whole body of any individual of 5
rems or more of radiation; a -expesure—dosc LO the
skin of the whole body of any individual of 30
rems or more of radiation; or a -expesure-—dosc to
the feet, ankles, hands, or forearms of 75 rems

or more of radiation; or

(2) The release of radioactive material in concentra-
tions which, if averaged over a period of 24 hours,
would exceed 500 times the 1imits specified for
such materials in Appendix A, Table 1T, Part 9.0; or

(3) A loss of one day or more of the operation of any
facilities affected; or

(4) Damage to property in excess of $1,000.

(¢) Any report filed with the Agency pursuant to this part
shall be prepared in such a manner that names of
individuals who have received exposure to radiation
will be stated in a separate part of the report.

3.13.5 Reports of Overexposures and Excessive Levels and
Concentrations.

(a) Tn addition to any notification required by 3.13.4,

each registrant shall make a report in writing within
30 days to the Agency of:
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3.14

VACATING

3.14.1

(1) FEach exposure of an individunal to radiation or
concentrations of radioactive material in excess
of any applicable limit as set forth in this
part or as otherwise approved by the Agency:; and

(2) Any incident for which notification is required
by 3.13.4; and

(3) Levels of radiation or concentrations of radio-
active material (not involving excessive -exposure
-of radiation doses to any individual) in an
-uneentrolled unrestricted area in excess of ten
(10) times any applicable limit as set forth in
this part or as otherwise approved by the Agency.

(4) Each report required under this pavagraph shall
describe the extent of exposure of individuals
to radiation or to radioactive material, including
estimates of each individual's dose as required by
3.13.5(b); levels of radiation and concentrations
of radioactive material involved; the cause of
exposure, levels or concentrations: and corrective
steps taken or planned to assure against a recurrence.

(b) 1In any case where a registrant is required pursuant to
the provisions of this section to report to the Agency
any exposure of an individual to radiation or concentra-—
tions of radiocactive material, rhe registrant shall no
later than the making of such report to the Ageney also
notify such individual of the nature and cxtent of
exposure.  Such notice shall be in writing and shall
contain the following statement:

"This report is furnished to you under the pro-
visions of the West Virginia Department of Health
regulations entitled "Radiological Health
Regulations"”. You should preserve this report
for future reference".

(¢) Any report filed with the Agency pursuant to this
section shall include for each individual exposed the
name, social security number, and date of birth. The
report shall be prepared so that this information is
stated in a separate part of the report.

PREMISES

Each registrant shall, no less than 30 days before vacating
or relinquishing possession or control of premises in which
radioactive material which he has registered has been stored
or used, notify the Agency in writing of intent to vacate and
afford the Agency the opportunity to survey the premises

for contamination. When deemed necessary by the Agency the
registrant shall decontaminate said premises in such a manner
as the Agency may authorize and shall not vacate or relinquish
possession or control of said premises without written consent
of the Agency.
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PART 4.0
SPECTAE REQUIREMENTS FOR
RADIATION USAGE IN THE HEALING ARTS

4.01 SCOPE

This part establishes requirements for use- of ¥—ray-producing
devices in the healiny arta by & prnvtitioner-4icenﬂed by law to
use or direct the use of guch devices in the-course of his
prolessional practice or upon a prescription or other order law-—
fully issued in the course of his professional praeticew for which
a registrant is responsible, for use of X-ray equipment by or
under the supervision of an individual authorized by and licensed
in accordance with West Virginia statutes to engapge in the healing
arts or veterinary medicine. The provisions of this part are in
addition to, and not in substitution for, other applicable pro-—
visions of these regulations.

4.02 DEFINITIONS As_used in_this part, the following definitions apply:
(L) Added Filtration means the filter added to the inherent filtration.
(2) Aluminum Equivalent means the thickness of aluminum (type 1100 alloy)

affording the same attenuation, under specified conditions, as the
material in question. (The nominal chemical composition of type
1100 aluminum alloy is 99.00 percent winimum aluwinum, 0.12 percent

copper.)

€2y Attenuation means the deerease—in exXposure- rate of- cadliation caused
by passage through material-

(3) Barrier (See Protective Barrier)

(4) Collimator means a device or mechanism by which the X-ray beam is
restricted in size.

(5 Dead-man Switch means a switch so constructed that a circuit-closing
contact can be maintained only by continuous pressure on the switch
by the operator.

(6) Diagnostic-type Byotgggigg_Tube Housing means an X-ray tube housing
so constructed that the leakage radiation at a distance of 1 meter
from the targel cannot exceed 100 milliroentgens in 1 hour when the
tube is operated at-aﬂy«ef—i%s—speeiﬁied~fafiﬂgﬁ its maximum_con-
tinuous rated current for the maximum rated tube potential.

(7N Diaphragm means a device or mechanism by which the X-ray beam is
restricted in size.

(8) Filter means material placed in the useful beam ef—a-radietion—mechine
to absorb preferentially theless—penatrating selected radiations.
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(9

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

llalf-value Layer (HVL) means the thickness of wan—-absorber. -required
=+t reduce-a--beam of- r&di&tion~ﬁe~one—half~i%smineideﬂt~expesuﬁ%
+ate. specified material which attenuuates the beam of radiation

to an extent such that the exposure rate is reduced to one-half of
its original value.

Inherent Filtration means the filtration permanently in the useful
beam dﬂe~fe~£hemwiﬁdew~ef—fhe—x—f&ymtubew&ﬁd—aﬂy“ﬁermaneﬂfmtﬂbe-
=~enedegures it includes the window of the X-ray tube and any
permanent tube or source enclosure.

Interlock means a device for precluding access to an area of
radiation hazard either by preventing entry or by automatically
removing the hazard.

Kilovolts Peak (kvp) means the crest value in kilovolts of the
potential of a pulsating potential generator. When only one-half
of the wave is used, the value refers to the useful half of the wave.

Lead Equivalent means the thickness of lead affording the same
attenuation, under specified conditions, as the material in question.

Leakage Radiation means =i radiation -eeming from within the tybe
housing-except- the—useful-beam emanating from the diagnostic or

therapeutic source assembly (excluding capacitor discharge machines)

except for:

(a) the useful beam; and

(b) radiation produced when the exposure switch or timer is not
activated.

Primary Protective Barrier (See Protective Barrier)

Protective Apron means an apron made of radiation absorbing attenvating-
materials used to reduce radiation exposure.

Protective Barrier means a barrier of radiation absorbing attentuating
materials used to reduce radiation exposure.

(a) Primary Protective Barrier means -a—barrier-suffieicnt-to-attonuate-

wired—degree- the material, excluding
filters, placed in the useful beam, for protection purposes, to
reduce the radiation exposure.

(b) Secondary Protective Barrier means a barrier sufficient to
attenuate the stray radiation to the required degree.

Protective Glove means a glove made of radiation absorbing -ettesuating
materials used to reduce radiation exposure,

Qualified Expert means an individual who has demonstrated to the
satisfaction of the Agency that he possesses the knowledge and training
to measure ionizing radiation, to evaluate safety techniques, and to
advise regarding radiation protective needs.
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{22)

(23)

(24)
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4.03

USE OF X-RAY EQUIPMENT IN THE HEALING ARTS

4.03.1

General Safety Provisions

{e)—TFhe—-Ageneymay—waive—complinnece with—the—speeifie~

;equ&;emegts—9£~;h4£—pa£;—by—anmex;SEing—maeh;ae—o;
kﬂﬂ%&k+&€ieﬂ—i¥~£he~¥eg&ﬁ&¥&&E-deme&s&¥a£e€1~€9—%he
-AgEﬁey~9—sﬂ%iﬂ£ﬁeE+ﬁﬁ——ﬂfhievemeﬂf—fhfﬁﬂgh—efhef

means—of-radiation protection-equivalent to-that—
Ffegquired-by these-repgulations -

.-.'L.al 1 i | 1o t£ra I}E}fe 1l and

~—~
-

saale o 1
No pPerson—San e —8eri—1ea9ey o T

G¥-iﬂSEﬂJ&—erﬂ?~€ﬁﬁiﬁmeﬂ£MG{-{i&?iﬂﬁﬁﬂ&ﬂﬁnﬂ&&d‘iﬂ
conneation—with—such-equipment-unless- such-supplies
and—equipmenty when-preperly placed—in-operation
and--properly—used;—will -meet the-requirements—of
#hese regulatieons. -This. ineludes—responsibility
f0T—thﬁ“ﬂei1VeTy*6f"e6ﬁeﬂH6fwﬁ&%iiﬂ&§9f8-£il£efﬁj
-adequate—timers;ond—fluereseopie—shuttero—(where
appliecabley)

€er—Yse-

(a)

(b)

CH—TFhe—registrent—shall-beresponsible—for sssuring
+hat—all-applicable-requirements—of this part

are—met—
Use

(1) The registrant shall assure that all X-ray
equipment under his control is operated only
by individuals adequately instructed in safe
operating procedures and competent in safe use
of the equipment.

(2) The registrant shall provide safety rules to
each individual operating X-ray equipment under
his control, including any restrictions of the
operating technique required for the safe
operation of the particular X-ray apparatus, and
require that the operator demonstrate familiarity
with these rules.

Shielding. Each installation shall be provided with
such primary barriers and/or secondary barriers as
are necessary to assure compliance with Sections 3.02,

3.02.5, and 3.03. ZIhis requirement—shall be-deemed-




Eiopent hipde—ef-pretectdve-materials
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(o . Coo.n . Ne rvesistrant shall opecate or permit
N Lo oy oy

Xerav equipment unless the equipment
o i, etiarism meel the applicable requirements of
PR omsan vepolations.,

(i) DIIEUO'JLP X-ray systems for use on
ollowing components manufactured oy
_ghy,ejf ctive date of the Federal
nidard designated as Title 42, Code of
_ ulations Part 78 shall be subjected to _the
¥ ol said ntdnddrdsﬁ" Tube housing assemblies,
- -ols, X-ray hiph voltage generators, Fluoro-—
issemblies, Tables, Cradles, Film
o holders, and Beam—llmLLln% devices.
4.073.7 flveross ou - fasialilations

Cad Bl ey

(1; T tube housing shall be of the diagnostic type.

iha rarvet-to-panel or target-to-table top dis-
- o1 the equipment shall not be less than
771 inches. and should net be—less—than

i i wonal filoration permanently in the useful
o Susilopof-beless.thap-2-5-millimeters
e Lt eguivalent Fhis -requirement-may-—-be

anmeead. . Vo have- Leon met if the half-walie 1ouaae

i ey iy T O == | N L ¥ = e Sy W L8 3u =y w & =) J_(.‘-]EL
e aeT - bese -than-2 s Se-mib R Fo5—atuwminun—at
-Aai_wﬁe$a+}n9~vg}bégehv Jncludlng the aluminum
cgaivaient of table top or panel, shall not be

__;;_1_3_:_-}_1__\___;}19. appropriate value recommended in Table

v rhe aauipment shall be so constructed that the
e cross-section of the useful beam is
ot temgated by a primary barrier (usually a con-—
. ~1omal fluoroscopic screen or av image
¢ mgification mechanism). The exposure shall

A




dutomatically terminate when the barrier is
removed from the useful beam.

(1) For equipment installed after the effective
date of this part the required lead equivalent
of the barrier shall not be less than 1.5 milli-
meters for up to 100 kVp, 1.8 for greater than
100 and less than 125 kVp and 2.0 millimeters
for 125 kVp or greater.

With the £1 Uorescent—sorean-—-14 inchag (35 CFR—)—

\ixem_éhe~paneé~e¥mtab}e—£9pT—£heuexpesuﬁemfeée—
Qwiﬂehes—45wem}wbeyeﬂd~£he—v%aﬁhﬁrﬂﬂfﬁaee~0€
for. anah

the sercen——shall-not cswaoad 10 mrlh
e R een—Eha - Botexceea—30-mrth

Eoentgen—perminute-at-the table-top with tha.

B-Edent—aand
creEhTana

I
I—ror-—aen

seraen—in—the poaful hoaom el o e
fr L TR ey y = =33 L=y a T LE ) = 84 L L LIV o P(-l-

ﬂwighﬂthemﬁluereseepe_eperating~aﬁ—&he~highes&~
-?G‘EEﬂ'EE:ﬁ-l-—-&B-ed-.—-—-' <

(ii) Collimators shall be provided to restrict

the size of the useful beam to less than the

area of the barrier. For conventional fluoroscopes
this requirement is met if, when the adjustable
diaphragm is open to its fullest extent, an
unilluminated margin is left at all edges of the
fluorescent screen with the screen centered in the
beam at a distance of thirty-five (35) centimeters
(fourteen {14} inches) from the panel or table top.
The margin requirement does not apply to installa-
tions where image intensifiers are used, but a
shutter shall be provided at these installations so
that the length and width of the useful beam is
restricted to the diameter of the input phosphor.

(iii) The tube mounting and the -baeriex viewing
device shall be so linked together that, under
conditions of normal use, the barrier always
intercepts the entire useful beam.

(iv) Collimators and adjustable diaphragms or
shutters to restrict the size of the useful beam
shall provide the same degree of protection as is
required of the housing.

(5) The exposure switch shall be of the dead-man type.

(6) A manual-reset, cumulative timing device activated
by the exposure switch shall be used which will
either indicate elapsed exposure time by an
audible signal or turn off the apparatus when the
total exposure time exceeds a predetermined limit
not exceeding 5 minutes in one or a series of
exposures.
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(7) A shiclding device of at least 0.25 millimeter
lend equivalent -shoutd—shall be provided for
covering the Bucky-slot during ftuoroscopy.

(8) Protective drapes, OT hinged, or sliding panels,
of at least 0.25 millimeters lead eguivalent,
sheutd shall be provided PEEWESE_QUiJEEQEDE_EEQ
fluoroscopist to intercept scattercd radiation
which would otherwise reach the fluoroscopist

and otrhers near the machine.  Such devices shall
not substitute for wearing of o protective apromn.

(9) Protective aprons of at least 0.25 millimcters
lead cquivalent shall be worn in the fluoroscopy
room by cach person,—whose—éfugkmis-e%pgsedeQ
5_mr/he or mere except the patient.

(10) For routine fluoroscopy, the exposure rate
measuredman_thempane&~e¥—€abie~Eepwsheﬁ%d-be
aswlowhasﬂpxae&ieeb&euaad-ﬂhg;g*;hg"gggngﬂhgﬂm
enters the patient chall not exceed ten (10)
roentgens per minutce.

(11) Mobile fluoroscopic cquipment ahall meet- the

requiremento—of shig—-part—where apptieable
except—thaki- 19 subject to the following
gﬂ@itigﬂg}_g@guiremgptsi_

(i) 1n the absence of a table top, a cone or
spacer frame shall limit the -taxget source-to-
skin distance to not less than chirty (30).
centimeters {twelve (12) inches}.

(ii) TImage intensification shall always be
provided. Conventional fluoroscoplic screens
shall not be used.

(iii) Lt shall be impossible to operate the
machine unless the useful beam is intercepted
by the image intensifier.

(iv) The exposure rate measured at the minimum
.garget source—to—skin distance sheuld-be—as—tow
- as—praetieabltebut shall not exceed ten (10)
roentgens per minute.

4.03.3 Diagnostig_Radiographic Installations Other Than Dental and
Veterinary Medieine—Medical

(a) Equipment

(1) ‘The protective tube housing shall be of the
diagnostic type.




(2)

(3)

Biaphragms—eones - or—adjustable Collimators
capable of restricting the useful beam to the
area of clinical interest shall be provided
tor—eollimatingthe-useful to define th e heam
and shall provide the same degree of protection
wation as is required of the protective tube
ing Collimators used with photofluorographic
devices shall resirict the useful beam to the
aren of the photofiuvorographic screen.

(i) Collimators shall be ¢ alibrated in terms of
the size of the PFOJOCLCd uscful beam at gch1F1od
source—film distances.

(ii) Except for stereoradiographyv, the size of
the useful beam (rectangular) shall not exceed any
one of the dimensions of the film by more than two
(2)_inches for a source-film distance of thirty-
seven (37) inches oxr_preater or one (1) inch for

a source~Tilm distance of thirty-six (36) inches

or less, The size of the useful beam (circular)
shall not cxceed any one of the dimensions of the
film by more than two (2) inches for a source-film
distance of thirty-seven (37) inches or greater

or one (1) inech for a source-film distance of
thirty-six (36) inches or less. For photofluoro-
graphic equipment, the size of the useful beam shall
be restricted to the area of the photofluorographic
screen,

(iii) Adjustable collimators installed after the
cffective date of these regulations shall incorporate

llght beams to define the projected dimensions of

the useful beam.

(i) The aluminum equivalent of the total filtration
(inherent plus added) in the primary beam shall not
be less than shown in Table 4-1, except when
contraindicated for a particular diagnostic procedure:

TABLE 4-1

FILTRATION REQUIRED VS. OPERATING VOLTAGE

Operating Voltage (kVp)

Minimum Total Filtration
(Inherent plus added)

Below 50 kVp
50-70 kVp
Above 70 kVp

.3 millimeter
5 millimeters
5 millimeters

0
1.
2.

—4 3=




(1i) 1If the filter in the machine is not
accessible for examination, -aad or the total
filtration is unknown, #&he halif-value—layes
i the useful bean sheuld ho—Reasured,
Recommendation 403 J5(a){3)-may-he -aasumed--Ee- .
tiave—bheen it can be assumed that the r equire-

ments of 4.03. 3(3) (i) _are met if the half-value
layer is not less than ghgyg_ngjZﬂlyg_éigi

O 6-mil Hmete®s aluminun-when—ehe-
= e 3 . o ok e 1
<is operated—at—s0—tlvpy-oF sot—tess—than—t6- ‘I'
- alumiaum—at—i0—tvpy—ar 8 t—less—than
;

TABLE 4-2

Half-value Layers as 2 Function of Filtration
and Tube Potential for Diagnostic Units

Lo ation __ Teak Potrential (kVp) S
mm-Ai. | 30 40 50 60 70 80 20 100 110 120
Typical Half-value layers in Millimeters of Aluminum
0.5 0.36 0.47 0.58 0.67 0.76 0.84 0.92 1.00 1.08 1.16
1.0 0.55 0.78 0.95 1.08 1.21 1.33 1.46 1.58 1.70 1.82
1.5 0.78 1.04 1.25 1.42 1.59 1.75 1.90 2.08 2.25 2.42 .
2.0 0.92 1.22 1.49 1.70 1.90 2.10 2.28 2.48 2.70 2.90
2.5 1.02 1.38 1.69 1.95 2.16 2.37 2.58 2.82 3.06 3.30
3.0 - 1.49 1.87 2.16 2.40 2.62 2.86 3.12 3.38 3.65
3.5 - 1.58 2.00 2.34  2.60 2.86 3.12 3.40 3.68 3.95

(4) A device shall be provided «e which terminates
the exposure af&ex at a preset time interval or
exposure. 1f a recycling timer is employed, it
shall not be possible to make a repeat exposure
without release of the exposure switch to reset
the timer.

(5) A daad-man -type—of-exposure switch—shallbe

mrrancad -that—it cannobt—ba P -t R F-: ]
a¥rrangea—eHat £ 3 = 12 Eraletly

PR Sy | Ak e ido - ~hd aldad ares Expggu;e
'Ul_'\--j.ul.\.ru TrTI LT AL L A= L A= b= B SR E =

W‘i—EQh-ES for W e £51ml deviees oed—i-f-

S v T ULILIL- T Ailk A= o we Cgm SR wmp ey ) L% T -y i

}
®

(5) The exposurc switch, except for those used in
cinefluoroscopy or in conjunction with "spot film"
devices in fluoroscopy, shall be so arranged that
it cannot be conveniently operated outside a

shielded area. .
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(6) (i) The control panel shall include a device,
(ﬂﬂﬁﬂ%%y-glﬁ;l_n milliammeter) te- which will
give positive indication of the production of
X-rays whencver the X-ray tube is encrgized.

(ii) The control panel shall include appropriate
devices, e.g., labeled control settings and/or
meters, indicating the physical factors (such as
kVp, mA, exposure time or whether the timing is
automatic) used for the exposure.

(7)  Machines equipped with beryllium window X-ray
tubes shall contain keyed Lilter interlock switches
in the tube housing and suitable indication on the
control panel of the added filter in the useful
beam if the total filtration permanently in the
useful beam is less than 0.5 mm aluminum equivalent.
The total filtration permanently in the useful

beam shall be clearly indicated on the tube housing,

(b) Structural Shielding

(1) All wall, floor, and ceiling areas -exposed—+e struck
by the useful beam shall have primary barriers.
Primary barriers in walls shall extend to a minimum
height of eighey—four (84)-inches seven (7) feet
above the floor.

(2) Secondary barricrs shall be provided in all wall,
floor, and ceiling areas not having primary
barriers.

(3) The operator's station at the control shall be
behind a protective barrier-ei%he*—ia_amsepa;ate

k1 =Y aoteaota boeaih or—bhbaehind-a—obicald
FOOHy—in—a—-protected—hoothy—or behind-a shield
whiteb et 1l ot nan ocm - the-1geful bhagm e 1 oo
WITIUTY b i "y S uy &.A.AI_I...L\_.L.-’JL. LS ¥ 4 A B Sy = e =y [ p ey =y (=S 7aw g LI.I.J.J
radiation which bhac homnm soagtterad onlsr onoan T+
Feetdtion—whteh--nas-been-seattered only encer— Ik
Shaddl be damaocd ] e far tha onaradmoe o cRereiga
SITTTOT Lo g w—y _l_l-lllJUul—'l-.I.UJ_L' Y L~y ¥ = bl Sk SR i i - F \.LA\_.J_bd.

o-—+tuba-tshi il 1 {

the-tube-while-outside the protective barrier

sufficient to_assure compliance with 3.02 and
3.02.5. Provisions shall be made for the operator
to communicate with the patient from the operator's
station.

(4) A window of lead-equivalent glass equal to that
required by the adjacent barrier, or a mirror
system, shall be provided and it shall be large
enough and so placed that the operator can see
the patient during the exposure without having to
leave the protected area.

(c) Operating Procedures

(1) When a patient must be held in pesition for
radiography, mechanical supporting or restrain-
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4.,03.4

ing devices should be used. If the patient must
he held by an individual, that individual shall
be protected with appropriate shielding devices
such as protective gloves and apron and he shall
be so positioned that no part of his body =exeept
hands—and-arms will be struck by the useful beam.

(2) Only individuals required ror the radicpraphic
procedure shall be in the radiographic room
during euposure; and excepl for the panicnt.
all such peveons shall be pauippral with Aapyiteprie e
protective devicos.

(1) The usciol Te o Al b restricted ro the arnes
of o linaioal sntarer

(4)  Pervsonnel menitoring anall be required for all
individunts poerating photofluorngraphic equipmerni. .

(5) Gonadal shiclding of not less than 2.0 mn e
shall be used for patients who have not pasted
reproductive age during radiographic procedures in
which the gonads are in the direct (useful) beam,
except for cases in which this would interfere with
the diagnostic procedure.

Special Requirements for Mobile Diagnostic Radiographia
Installations Bguipment

(a)

(b)

Equipment

(1) All reguirements ~f Beetion 4.03.3(a) apply
except 4.03.3(a)(5).

(2) The exposure control switch shall be of the dead-
man type and sball be so arranged that the
operalcr can stand ar ieast six (6) feet from the
patient, the X-ray tube, and well away from the
useful beam.

(3) Inherent provisions shall be made so that the
oquipment 1is not operated at source=to skin
distan:, (17) dnches (30 cm).

ool jes

Structural shiclcing

(1) When o unnits ani e is usced rourinely in oone
locaticvu, it shall be conatdered o fixed installa-
tion subject to rhe shielding requirements of
speatkibad-in 4 .03, 1463 (b) and 4.07%.3(h).
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(¢) Operating Trocedures

(1) All provisions of Seetion 4.03.3(c) apply
except 4.03.3(c)(2) and 4.03.3(c)(4).

(2) Personnel monitoring shall be required for all
individuals operating mobile X-ray equipment.

4.03.5 Dental Radiographic Tastallations
{a) Equipment

(1) The protective tube housing shall he of the
diagnostic type.

(2) Diaphragms or cones shall be used for eetlimating
restricting the useful beam and shall provide
the same degree of protection as the housing.
The diameter of the useful beam at the end of the

tor intraoral radiography.

(2) A cone or spacer frame shall provide a target—
source-to-skin distance of not less than seven
(7) inches with apparatus operating above fifty
(50) kvp or four (4) inches with apparatus
operating at fifty (50) kvp or below for intraoral

Egﬁioggaghz.

(4) For-equipment—operating up -to—10-Jevpythe -total
+iteration -permanently—in-the useful-beam--shall
-be—equivalent—to-at-least—I- 5 mmo f-oluminum—Thic-
~¥&qai¥emeﬂt~maymbe~asaumedwte_h&ve~beeﬂ~ﬁmfﬁ~&émbh&
-hetf-value - layer--is net-less—than—t5 mm-aluminum
~at-normal—operating voltages..

(4) (i) The aluminum equivalent of the total filtration
(inherent plus added) in the useful beam shall not
be less than that shown in the following table:

TABLE 4-3
FILTRATION REQUIRED VS. OPERATING VOLTAGE
Operating Voltage Minimum Total Filtration (Inherent plus added)
Below 50 kVp 0.5 millimeter
50-70 kVp 1.5 millimeters
Above 70 kVp 2.5 millimeters
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(ii) 1f the filter in the machine is not access—
ible for examination or the total filtration is
unknown, it can be assumed that the requirements
of 4.03.5(a)(4)(i) are met if the half-value laver
is not less than that shown in the following table:

TABLE 4-4
__ Half-value Layers as a4 Function of Filtration and Tube Potential
Total Peak Potential (kVp)
Filtration
mm Al. 45 50 70 90 100

Typical Half-value Layers in Millimeters of Aluminum

0.5 0.5 0.6 0.8 0.9 1.0
1.0 0.9 0.9 1.2 1.5 1.6
1.5 1.2 1.2 1.6 1.9 2.1
2.0 - 1.5 1.9 2.3 2.5
2.5 - 1.7 2.2 2.6 2.8

-{5}~—Fer~equipment-operating-abeve_JQ—kvp7wfhe-%e%&L
#i}fratiﬂﬂ-permanent&y-iﬂ“the"usefuiﬂbeamrshﬂii
be-equivalent-to at leagt-2--5 mm-of aluminuhs
This~requirement~may~bem&ssumedmte~havembeenmmee-
if the—half—value 1ayer"is—ﬂot~ieﬂs_thaﬂ"275mﬁmr
aluminum at the normal operating voltages.

(5) A device shall be provided to terminate the
exposure after a preset time interval or exposure.
The exposure switch shall be of the dead-man type.

(6) Each installation shall be provided with a protec-
tive barrier for the operator oOr shall be so
arranged that the operator can stand at least six
(6) feet from the patient and well away from the
useful beam.

(7) The tube head shall remain stationary when placed
in the exposure position.

{9}-~Ai%wmaehines-pﬂrehasedwaﬁtefnfheweéfeefivewdatewe%
-%hese—%egu&a&iens—shail—bewequippedmwith—epen-@muL
-gollimating—conesd~

(b) Structural Shielding

(1) Dental rooms containing X-ray machines shall be

provided with such primary barriers -at—all-areas
. _struck-by-the—usefulbeam and/or secondary

barriers as are necessary to assure compliance
with 3.02.1, 3.02.4 and 3.02.5. No approval by
the Agency s required if it can be shown upon
request by the Agency that the limits in 3.02.5(b)
will not be exceeded.
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(¢)

NOTF: In many cases, structural materials of
ovdinary walls suflfice as a protective barrier
without addition of special shielding material,

Operating Procedures

(1) (i) Nelther the dentist nor his assistant shall
e perniited £o hold patients or U lns during
erposiure, nor shall any individual bhe regnlarly
used. for this service.,

(ii) Only persons required for the radiographic

procedurce shall be in the radiographic room during

(._"}_\_._pCIt) Ures.

(2) During each exposure, the operator shall stand
as Far as prdP[JLuT Ltom the patlent and outslde

hurr1or. a£ ie&st Sixm{éJwﬁ&&%m@%@ﬁh{hemﬁ&EIEﬂE-
(3) Only the patient shall be in the useful beam.

(4) Nwither the rube huu%ing nor the-poi&%e{ cone

(5) TFluoroscopy shall not be used in dental examina-~
tions.

4.03.6 Therapeutic X-ray Installations

(a)

Bquipmenrt

(1) The protective rube housing shall be of the
therapeutic type,

(2) Permanent diaphragms or cones used for colli-
mating the useful beam shall afford the same
degree of protection as the tube housing.
Adjustable or removable beam defining diaphragms
or cones shall transmit not more than five (5)
perceat of the useful beam as--determined by
-measuringthe exposure -rate at the maximum
kilovoltage and with maximum treatment filter.

(3) Filters shall be secured in place to prevent
them from dropping out during treatment. The
filter slot shall be so constructed that the
radiation escaping through it does not exceed
one (1) roentgen per hour at one (1) meter, or,
if the radiation from the slot is accessible
Lto the patient, thirty (30) roentgens per hour
at five (5) centimeters from the external
opening. Fach removable filter shall be marked
with its thickness and material.
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(b)

(&) A filrer indication system shall be used on all
therapy machines using changeable filters. It
shall be designed so as to permit €asy recognition
of any added filter in place. It shall indicate,
from the control panel, the presence Or absence
of any filter.

(5) The X-ray tube shall be so mounted that it cannot
turn or slide with respect to the housing aperture.

(6) Means shall be provided to immobilize the tube
housing during stationary portal treatment.

(7) A suitable exposure control device {e.g«, an
automatice -timesy exposu%e—me%efne{—é99e~meter}
shall be provided to terminate the exposure after
a preset time interval or preset exposure Or dose
1imit. Means shall be provided for the operator
to terminate the exposure at any time.

(8) Equipment utilizing shutters to control the use-
ful beam shall have a shutter position indicator
on the control panel.

(9) Therxe shallwbe-on~the~een€rel~paﬂel-anmeasily
iiscerﬂib1e~indicator~(usually a milliammeter)
whieh will give-a positive indication-as fo-
«when the X-ray tube ig -energiged.

positive indication of the production of X-rays

(9) The control panel shal I include a device which will

whenever the X~-ray tube is encrgized.

Structural Shielding

(1) All wall, floor, and ceiling areas that can be
struck by the useful beam shall be provided with
primary protective barriers.

(2) All wall, floor, and ceiling areas that, because
of restrictions in the orientation of the useful
beam, cannot be struck by the useful beam shall
be provided with secondary protective barriers.

(3) With equipment operating at voltages above one
hundred and twenty-five (125) kVp, the required
barriers shall be an integral part of the building.

(4) With equipment operating above one hundred and
fifty (150) kVp, the control station shall be
within a protective booth equipped with an inter-
locked door, or outside the treatment room.
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(c)

(3)

“6)

~7)

(6)

(7)

(8)

Interiecks shall be provided for X-ray therapy
equipment capable of operating above 150 kvp

so that when any door of the treatment room is
opened either the machine will shut-off auto-
matically or the radiation level within the
room will be reduced to an average of not more
than two (2) milliroentgens per hour and a
masimam of ten (10) milliroentgens per hour at
i distance of one (1) meter in any direction
from the target. After such shut-off or reduce-
tion in cutput it shall be possible to restore
the machine to full operation only from the control
panel.

Provisicon shall be made to permit continuous
obserwvabion of patients during--irradiation.

Windows, mirror systems, or-clogsed-cireuit tele-—

“wision viewing-screens used for obsevwing--the

patient..shall be so located -that-the-eperator -may

‘see the patient and the control panel frem the
-same-position.

WIUdOWH mirror %yqreme, or c]oqed—virvuit telc-
ision vicwing sere
(nntlnuouc obachIl]on nf tho Q}tl(nt dUTlnb

]_!_vr.‘(l_d iarion and shall bo s0 locatad Lll_:;_l_(_“_ the

operator may sce the patient and the control
panel from the same position.

Provision shall be made for oral compunication

with the patient from the control room.

Trcatment rooms to which access is possible through

more than one entrance shall be provided with

1lashing warning lights in a readily observable

position near the outside of all access doors,

which will indicate when the useful beam is "on'".

Operating Procedures

(1)

All new installations, and existing installations
not previously surveyed, shall have a protection
survey made by, or under the direction of, a
qualified expert. This shall also be done after
any change in the installation which might
produce a radiation hazard. The expert shall
report his findings in writing to the person in
charge of the installation, a copy of which shall

-should be made available for inspection by e the

Agency.
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(2) The installation shall be operated in compliance
with any limitations indicated by the protection
survey.

(3) When a patient must be held in position for
radiation therapy, mechanical supporting or
restraining devices shall be used whenever
feasible. If the patient must be held by an
individual, that individual shall be adequately
protected and he shall be positioned so that no
part of his body, -exeept—hands—and—arm3, will
be struck by the useful beam and that his body
is as Far as possible from the edge of the useful
beam. The expesure—ef Any individual used for
this purpose shall be menitored. provided with
personnel monitoring.

(4) The output of each therapeutic X-ray machine
shall be calibrated by, or under the direction
of, a qualified expert. The calibration shall
be repeated after any change in or replacement
of components of the X-ray generating equipment
which could cause effeet a change in X-ray output.

year thereafter. Records of calibration shall

be maintained by the ewmer registrant. Recalibra-
tion shall be performed at least once in every
calendar year except that recalibration is not
required when spot checks are made and a log record
made of these spot checks. Spot checks shall be
made and recorded at least monthly or after every
fifty (50) operating hours, whichever is the longer
time interval. A spot check measurement consists
of determining the exposure rate or dose rate of

a quantity related in a known manner to these
entities for one typical set of operating conditions.

4.03.7 Special Requirements for X-ray Therapy Equipment Operated
at Potentials of Sixty (60) kVp and Below

(a) Equipment. All provisions of Seetion 4.03.6(a) apply
except that leakage radiation 5 em from the surface
of the tube housing shall not exceed 0.1 roentgen per
hour.

(2) There-shall -be-on-the—ecentrol panel some easily
discernible deviece (usually-a-milliammeter),
which will give positive -indication when—the
tube -is--energized.

(b) Operating Procedures
(1) Automatic timers shall be provided which will

permit accurate presetting and termination of
exposures as short as one second.

(2) 1In the therapeutic application of apparatus
constructed with beryllium or other low-
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filtration windows, the registrant shall insure

that the untiltered radiation reaches only the
part iotendod and that the useful beam is
blocked at all times except when actually being
used.

(3) Machines having an output of more than 1,000
reentgens per minute at any accessible place
shall not be left wnattended without the power
botmg shatofl [ at the peimary main disconnect
#eants switch in addition to the control panel

SW}tCQ;

(4) 1t the tube #e~must be hand-held during
irradiation, the operator shall wear protective
gloves and eprens. a protective apron of no less

than 0.5 millimeter lead equivalent.

4.03.8 Veterinary Medieine Medical Radiographic Installations
(a) Equipment

(1)  The protective tube housing shall be of diagnostic
Lype.

(2) Diaphragms or counes shall be provided for
collimating the usclul beam to the area of
clinical interest and shall provide the same
degree of protection as is required of the
housing,

£ 3)- Mxeept-wheﬂnoont{ﬂindiGafed~£9¥—ampaptieular
cadiographic. purpose, - the--total -filteration
permapently in--the useful-beam shall-—net-be less
-than--1.5 millimeters-aluminum-eguivalent for
-equipment -eperating -up—to—f0-tvp-and-—2-0-—milli—
meters—aluminum- equivalent for-machines-operated
in- excess-0f 70-kvp,

(3) The total filtration permanently in the useful
beam shall not be less than 0.5 millimeters
aluminum equivalent for machines operating up
to 50 kVp, 1.5 millimeters aluminum equivalent
for machines operating between 50-70 kVp and
2.5 millimeters aluminum cquivalent for machines
operating above 70 kVp.

(4) A device shall be provided to terminate the
exposure alter a preset time or exposure.

(5) A dead-man type of cxposure switch shall be pro-
vided, together with an electrical cord of sufficient
length so that the operator can stand out of the use-
ful beam and at least six (6) feet from the animal
during all X~ray exposures.
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{(b) Structural Shielding

(1) All wall, ceiling, and floor areas shall be
equivalent to or provided with applicable pro-
tective barriers as required in Seetdon
4.03.3(b) (1) and 4.03.3(b)(2).

(c) Operating Procedures

(1) The operator shall stand well away from the
useful beam tube-housing and the animal during
radiographic exposures. Prowvieions--shall -be
made—so. that the operator-will~n9t~be~requi£ed
to stand- in the useful- beam. - Hand-held flueroe—
scopic—screens — shall -not be—used. The-tube
shous ing-shall-not -be--held -by—the-eperater. —No
~individua&-other-than-the-opera%ormsha%}nbeni&
+he-X—ray room while-exposufesw&fe—beiﬂ@rm&de»
Tunlass_sueh-individualfswassistaneemism;equiredu

4@}——$ﬂ—aay~appiieatienmiﬂnwhich~themﬂpﬁf&tﬂfwfﬂ&fﬂ&ﬂﬂr
1&mdﬁtingmindividual-is~n0Ewloeafedwbehiﬂd-a_pﬁ&~
stective barrier, clothingmeonsistingmoﬁ—afpre—-
'teetive-apronnhaving-auleadnequivalea&_gf_not
4lesanthan-0‘5-mil&imetefmsha&1~be—WOfﬁwby~£heﬂ
operator- and any-other~iudividua&s~iﬂwehemfeem
during-exposures.

(2) No individual other than the operator shall be
in the X-ray room while exposures are being made
unless such individual's assistance is required.

(3) When an animal must be held in position Fer—an
expGSerg during radiography; mechanical supporting
or restraining devices shail should be used.
whenever-feasible. If the animal must be held by
an individual, that individual shall be adegquately
protected with appropriate shielding devices, such
as protective gloves and apron, and he shall be so
positioned that no part of his body execept-hands
and_-arme will be struck by the useful beam. eand
fhat«his»bedy-ism&SH£&f—&&ﬂaﬁﬁﬁﬁﬂ£&{femfheﬂeége—e£
-the useful—beam. The—exposure—of Any individual
used for this purpose shall be monitered. provided
with personnel monitoring.
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PART 5.0

USE OF SEALED RADIOACTIVE SOURCES

. IN THE HEALING ARTS
5.01 SCOPE
The provisions ol this Part apply Lo all registrants who use
. scaled sources in the healing arts and are in addition to, and not

In substitution for, other applicable provisions of these regulations.

5.02 SPECIAL REQUIREMENTS FOR THE USE OF SEALED RADIOACTIVE SOURCES
IN THE HEALING ARTS

‘l' 5.02.1

Interstitial, Intracavitary, and Superficial Applications
(a) Accountability, Storage, and Transit

(1) Except as otherwise specifically authorized by
the Agency, each registrant shall provide
accountability of sealed sources and shall
keep a permanent record of the issuc and
return of all sealed sources. A physical
inventory shall be made at least cvery six (6)
months and a written record of the inventory
maintained.

. (2) When not in use, scaled sources and applicators
containing scaled sources shall be kept in a
protective enclosure of such material and wall
thickness as may be necessary to assure com-
pliance with the provisions of Seetions 3.02,
3.02.5 and 3.03.

(b) Testing Sealed Sources for Leakage and Contamination

- %he—fegisfrﬂﬁtﬁshaii-ﬁfﬁvide~£ef—teafiﬁg-seﬁ%ed
< PoNN P | Ir g o a ] : .
D= WV W % B 90 v ) EELY M _LCal\.aE'C AT CUroanrirT .o ]_JL 4D [ w
E R0 S S Y Al geaglad corscco hall—Tho paomt,l
[ S g R Lot L3 %8 g m [ w=L. on g ey u § [l ps ooy wn eu 3 (=23 3= N iy L et | e gy =y g v o
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(1) All sealed sources with a half-life greater than

thirty days and in any form other than gas shall
. be tested for leakage and/or contamination prior

to initial use and at intervals not to exceed

six (6) months. If there is reason fo suspect

that a sealed source might have been damaged, or

might be leaking, it shall be tested for leakage
. before further use.




(2) Leak tests shall be capable of detecting the
presence of 0.005 microcurie of remouvable.con=

—Any—testcon=

—Eﬂmiﬂ&&iﬁﬂ—@ﬂ—{hEJHeﬂlQd sou¥Fe

._d_llf"l‘ul] 1;\11'r_'c"u1’\!_'_ o Section which

5
revzeals the presence of 0. 005 mi
more—of—remeovable contamination 9
—sidered-evidence-that the sealted
deaking. Egdioqggigg_paterial on the test
sample or, in the case of radium, the escape of
rﬂdq&_ﬂgﬂgyij}ﬂfwgfWQJQQE;EQFYOCLTie per 24

hours. Any test conducted pursuant to_ﬁllﬁi;LQElﬁll,

which reveals the presence of 0.005 microcurie Or
more ol removable contamination O, _in the case

radon at the rate of

of radium, the escape ol
0.00] microcurie or mwore per 24 hours shall be
considered cvidence that the sealed source 1is
leaking. The registrant shall immediately with-
draw the leaking source from use and shall cause
it to be decontaminated and repaired or to be
disposed of in accordance with applicable pro-
visions of Part 3.0.

(3) Leak tests results shall be recorded in units of
microcuries and maintained for inspection by the

Agency.

(¢) Radiation surveys

(1) The maximum radiation level at a distance of one (1)
meter from the patient in whom brachytherapy
sources have been inserted shall be determined
by measurement Or calculation and preferably
both. This radiation Jevel shall be entered on
the patient's chart and other signs as required
under 5.02(d).

(2) The radiation levels in the patient's room and
surrounding areas shall be determined, recorded,
nd maintained for inspection by the Agency.

(3) Immediately after the removal of the brachytherapy
source(s), the patient shall be surveyed with an
appropriate radiation survey instrument to insure
that all sealed radioactive sources have been
removed. Results of the survey shall be recorded
in the source utilization log and maintained for
inspection by the Agency.

(d) Signs and Records




(1)

In addition to the requirements of 3. 06, the

bed, cubicle, or room of the hOQPlLll brachy—
therapy patient shall be marked with a sign
indicating the presence of hraghytherapy sources
This sipgn shall incorporate the radiation symbol
and specify the radionuclide, the activity, date,
and the 1nd1v1dua1(°) to contact tnr rddlaEIOH
aglbpy ingstructions. The 2 sipgn 15 not rgﬂLLred
provided the exe epl I(m in 3.06. _(_b) is met.

th r01J0w1ng information shall be included in
he patient's chare:

(i) The radionuclide administered, number of
spyrce:J_ﬂutivi£1“ipmpﬂjjjj@{gggiiy;q_the LLmO and
date of administrarion;

(i1} The maximum radiation level at 1 meter from

the patient, the time the determination was made
and by whom;

(iii) The radiation symbol; and,

(iv) The precautionary instructions necessary to

assure that the exposure of individuals does not
exceed thatl permitted under 3. 0)

5.02.2 Teletherapy

(a) Equipment

()

(2)

)]

The housing shall be so constructed that, at
one (1) meter from the source, Cthe maximum
exposure rate does not exceed ten (10) milli-
roentgens per hour when the beam control
mechanism is in the "off" position. The
average exposure rate measured at a
representative number of points about the
housing, each one (1) meter from the source,
shall not exceed two (2) milliroentgens per
hour,

For teletherapy equipment installed after the
effective date of these regulations, the leak-
age radiation measured at one (1) meter from
the source when the beam control mechanism is
in the "on" position shall not exceed one (1)
roentgen per hour or 0.1 percent of the

exposure rate of the useful bheam.

Adjustable or removable beam—defining diaphragms
shall allow transmission of not more than five
(5) percent of the exposure rate of the useful
beam,



)

()

(6)

(7)

(8)

(9)

(10)

The beam control mechanism shall be of a
positive design capable of acting in any
position of the housing. In addition to an
automatic closing device, the mechanism shall
be designed so that it can be manually returned
to the "off" position with a minimum risk of
exposure.

The closing device shall be so designed as to
roturn automatically to the "off" position in
the event of any breakdown or interruption of
the activating force and shall stay in the "off"
position until activated from the control panel.

When any door to the treatment room is opened,
the beam control mechanism shall automatically
and rapidly restore the unit to the "off"
position and cause it to remain there until
the unit is reactivated from the control panel.

There shall be at the housing and at the control
panel a warning device that plainly indicates
whether the beam is on or off.

The equipment shall be provided with a locking
device to prevent unauthorized use.

The control panel shall be provided with a
rimer that automatically terminates the
cxposurce after a presct time.

Teletherapy sources shall be tested for leakage
and contamination in accordance with the pro-
cedures described in 5.02.1(b) except that the
leak tests shall be capable of detecting 0.005
microcurie of removable contamination, and a
source shall be considered to be leaking if

the test reveals the presence of 0.005 micro-
curie or more of removable contamination. Tests
of leakage may be made by wiping accessible sur—

faces of the housing port or collimator while the
source is in the "off" position and measuring

these wipes for transferred contamination.

(b) Shielding

(1)

Primary protective barriers shall be provided
for any area that the useful beam may strike
when using the largest possible diaphragm open-—
ing. Such barriers should extend at least one
(1) foot beyond the useful beam for any
possible orientation.

~58~




(2)

(3)

Secondary protective barriers shall be
provided for all occupied areas exposed to
leakage and scattered radiation,

Provision shall be made to permit continuous
observation of paticots during irradiation.

(<) Operalion

(1)

No dindividual who is occupationally exposced to
radiation shall be in the treatment room
during irradiation unless he is the patient.
No other individual shall be there except

when it is clinically necessary.




PART 6.0

RADIATION SAFETY REQUIREMENTS FOR
INDUSTRIAL RADIOGRAPHIC OPERATIONS

6.01 PURPOSE AND SCOPE
6.0L.1 The regulations in this part cstablish radiation safety
requirements for persons using sources of radiation for
industrial radiography. The requirements of this part
are in addition to and not a substitute for other require-
ments of these regulations. lixcept for those sections

clearly applicable to sealed radioactive sources, both
sealed sources and radiation machines are covered by
this part.

6.01.2 This part applies to all registrants who use sources of
radiation for industrial radiography; provided, however,
that nothing in this part shall apply to uses of
radiation sources in the healing arts.

6.02 DEFINITIONS

(1) Cabinet Radiography means industrial radiography using radiation
machines, or equipment, which is conducted in an enclosed, interlocked
cabinet, such that the radiation machine will not operate unless all
openings are securely closed, and which cabinet is so shielded that
every location on the exterior meets all radiation level requirements
cenditions for an uneontrelled unrestricted area as specified in
3.03.

(2) Industrial Radiography means the macroscopic examination of the
structure of materials by nondestructive methods utilizing sources
of radiation.

(3) Radiographer means any individual who performs or who, in attendance
at the site where sources of radiation are being used, personally
supervises industrial radiographic operations and who is responsible
to the registrant for assuring compliance with the requirements of
these regulations.

(4 Radiographer's Assistant means any individual who, under the personal
supervision of a radiographer, uses sources of radiation, related
handling tools, or survey instruments in industrial radiography.

(5) Radiographic Exposurc Device means any instrument containing a
sealed source fastened or contained therein, in which the sealed
gource of shielding thereof may be moved, or otherwise changed,
from a shielded to unshielded position for purposes of making a
radiographic exposure.
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(6) Storage Container means a device in which sealed sources are trans-
ported or stored.

(7) Shicelded Room Radiography means industrial radiography which is
conducted in an enclosed room, the interior of which is not
occeupied during radiographic operations, which is so shielded that
every location on the exterior meets conditions for an waeontrelled.
unrestricted area as specified in 3.03, and the only access to which
is through openings which are interlocked so that the radiation
machine will not operate unless all openings are securcly closed.

(8) Field Radiography means all industrial radiography other thaun cabinet
radiography and shiclded room radiography.

6.03 SPECIAL RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL RADIOGRAPHY
OPERATIONS

6.03.1 Limits on Radiation Levels for Radiography Exposurc
Deviees and Storage Containers

(a) Radiographic exposure devices measuring less than
four (4) inches from the sealed source storage
position to any exterior surface of the device
shall have no radiation level in excess of 50 milli-
roentgens per hour at six (6) inches from any
exterior surface of the device.

(b) Radiographic exposure devices measuring a minimum
of four (4) inches from the sealed source storage
posiltion to any exterior surface of the device,
and all storage containers for sealed sources or
outer containers for radiographic exposure devices,
shall have no radiation level in excess of 200
milliroentgens per hour at any exterior surface,
and ten (10) milliroentgens per hour at one meter
from any exterior surface. The radiation levels
specified are with the sealed source in the
shielded (i.e., "off") position.

6.03.2  Locking of sources of Radiation. Each source of radiation
shall be provided with a lock or outer deek lockable con—
tainer designed to prevent unauthorized or accidental
production of radiation or removal or exposure of a sealed
source and shall be kept locked at all times except when
under the direct surveillance of a radiographer or
radiographer's assistant, or as may be otherwise authorized
pursuant to 6.04.4. Each storage container likewise shall
be provided with a lock and kept locked when containing
scaled sources except when the container is under the
direct surveillance of a radiographer or radiographer's
assistant.
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6.03.3

6.03.4

6.03.5

Storage Precautions. T.ocked radiographic exposure devices
and storage containers shall be physically secured to
prevent tampering or removal by unauthorized personnel.

Radiation Survey Instruments. The registrant shall main-
tain sufficient calibrated and operable radiation survey
instruments to make physical radiation surveys as required
by this part and Part 3.0 of these regulations. Fach
radiation survey instrument shall be calibrated at intev-
vals not to excecd three (3)-wmenths one (1) year and after

each instrument servicing and a record maintained of the
latest date of calibration. Instrumentation required by
this scetion shall have a ranpe such that two milliroentgens
per hour through one roentyen per hour can he measuraed.

Leak Testing, Repair, Tagging, Opening, Modification,
and Replacement of Sealed Sources

(a) The replacement of any sealed source fastened to or
contained in a radiographic exposure device and leak
testing, repair, tagging, opening, or any other
modification of any sealed source shall be performed
only by persons specifically authorized to do so by
the Agency, the U. 5. Atomic Emergy Nuclear Regulatory
Commission, or any agreement state.

(b) Fach sealed source shall be tested for lecakage at
intervals not to exceed six (6) months. In the absence
of a certificate from a transferor that a test has been
made within the six-month period prior to the transfer,

the sealed source shall not be put into use until tested.

(¢) ‘'The leak test shall be capable of detecting the presence
of 0.005 microcurie of removable contamination on the
sealed source. An acceptable leak test for sealed
sources in the possession of a radiography registrant
would be to test at the nearest accessible point to the
sealed source storage position or other appropriate
measuring point by a procedure to be approved by the
Agency. The applicant who desires to conduct his own
jeak tests shall has establish adequate procedures to
be followed in leak testing sealed sources for possible
leakage and contamination and shall submit to the Agency
a description of such procedures including:

(i) Instrumentation tO be used;

(ii) Method of performing tests, €.g., points on equip-
ment to be smeared and method of taking smear; and
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6.073.6

6.03.7

(i) Pertinent esperience of Lhe person who will
perforn the test.

Records of leak test results shall be kept in units
of microcuries and maintained for inspection by the
Agency.

(d) Any test conducted pursuant to pavagraphs (b) and
{c) of this .section part which reveals the presence
of 0.005 microcurie or more of removable radioactive
material shall be considered evidence that the
sealed source is jeaki ng. The repistrant shall
immediately withdraw e such _defeet
dnvelved from use and shall cause iL
taminated and repairced or to be disposced of, in
accordance with regulations of the Agency. Within
5 days after obtaining results of the test, the
registrunt shall file a report with the Agency
describing the equipment involved, the test results,
and the corrective action taken.

ive equipment

0 be docon—

(e) A sealed source which is not fastened to or contained
in a radiographic exposure device shall have per-
manently attached to it a durable tag at least one
(1) inch square bearing the prescribed radiation
caution symhbol in conventional colors, magenta or
purple on a yellow background, and at least the
instructions: 'Danger —Radioactive Material-—Do Not
Handle —Notify Civil Authorities if Found."

Quarterly Tnventory. BEach registrant shall conduct
quarterly physical inventory to account for all sources of
radiation recceived or possesscd by him. The records of the
inventorics shall be maintained for inspection by the
Agency and shall include the quantities and kinds of
radioactive material, the location of all sources of
radiation, and the date of the inventory.

Utilization Logs. Each registrant shall maintain current
logs, which shall be kept available for inspection by the
Agency, showing for each source of radiation the
following information:

(a) A description (or make and model number) of each
source of radiation or storage container in which
the sealed source is located;

(b) The identity of the radiographer to whom assigned;

(¢) Locations where used and dates of use; and

(d) ‘the voltage, current, and exposure time for each
radiographic exposure employing a radiation machine.
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6.04 PERSONAL RADIATION SAFETY REQUIREMENTS FOR RADIOGRAPHERS AND
RADTOGRAPHERS® ASSISTANTS

6.04 .1 Limitations

(a) No registrant shall permit any person to act as a
radiographer as defined in these regulations until
such person:

(1)  las been instructed in the subjects outlined
in 6.06 of this part and shall have demon--
sLrated understanding, thercof;

(2) las reccived copics of and instrucLion 1in
the regulations contained in this part and
the applicable sections of Part 3.0, and the
registrant's operating and emergency procedures,
and shall have demonstrated understanding
thereof; and

(3) Has demonstrated competence to use the source
of radjation, related handling tools, and
survey instruments which will be employed in
his assignment.

(h) No registrant shall permit any person to act as a
radiographer's assistant as defined in this part
until such person:

(1) Has received copies of and instructions in the
registrant's operating and emergency procedures,
and shall have demonstrated understanding
thereof; and

(2) Has demonstrated competence to use under the
personal supervision of the radiographer, the
sources of radiation, related handling tools,
and radiation survey instruments which will
be employed in his assignment.

6.04.2 Operating and Emergency Procedures. The registrant's
operating and emergency procedures shall include
instructions in at least the following:

(a) The handling and use of sources of radiation to be
employed such that no person is likely to be
exposed to radiation doses in excess of the limits
established in Part 3.0;

(b) Methods for controlling access to radiographic areas;

(c) Methods and occasions for conducting radiation surveys:
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(d) Methods and occasions for locking and securing
sources of radiation:

(e) Personnel monitoring and the use of personnel
monitoring equipment;

(f) Transportation to field locations, including
packing of sources of radiation in the vehicles,
posting of vehicles, and control of sources of
radiation daring transportation:

(#) Minimizing exposure of persons in the event of
an accidentg

(h) The procedure for notiflying proper persons in the
event of an accident; and

(i) Maintcnance of records.
6.04.3  Personnel Monitoring Control

(a) No repistrant shall permit any person to act as
a radiographer or as a radiographer's assistant
unless, at all times during radiographic operationsg,
each such person shall wear a film badge and cither
a pocket dosimeter or pocket chamber. Pocket
dosimeters and pocket chambers shall be capable of
measuring exposures -deses. from zero to at least
200 milliroentgens. A film badge shall be assigned
to and worn by only one person.

(b) Pocket dosimeters and pocket chambers shall be read
and exposures deses rcecorded daily. A film badge
shall be immediately processed if a pocket chamber
or pocket dosimeter is discharged beyond its range.
The film badge reports rcceived from the film badge
processor and records of pocket dosimeter and
pocket chamber readings shall be maintained for
inspection by the Agency.

6.04.4 Security. During each radiographic operation, the radio-
grapher or radiographers' assistant shall maintain a
direct surveillance of the operation to protect against
unauthorized entry into a high radiation area, as defined
in 1.04, except where the high radiation area is equipped
with a control device or an alarm system as described in
3.06.2(b)(2), or where the high radiation area is locked
to protect against unauthorized or accidental entry.

6.04.5 Posting. Notwithstanding any provisions in Section 3.06.5,
areas in which radiography is being performed shall be
conspicuously posted as required by Section 3.06.2(a) and

(b).

-65—




6.05

6.04.6 Radiation Surveys and Survey Records

(a) No radiographic operation shall be conducted unless
calibrated and operable radiation survey instrumenta-—
tion as described in 6.03.4 is available and used at
each site where radiographic exposures are made.

(b) A physical radiation survey shall be made after each
radiographic cxposure utilizing radiographic exposure
dovices or scaled sources of radioactive material to
determine that the scaled source has been returned
to its shielded condition.

(c) A physical radiation survey shall be made to deter-
mine that each sealed source is in its shielded
condition prior to securing the radiographic
exposure device or storage container as specified
in 6.03.2.

(d) Records shall be kept of the surveys required by
6.04.6(c) and maintained for inspection by the Agency.

SPECIAL REQUIREMENTS FOR RADIOGRAPHY EMPLOYING RADIATION MACHINES

6.05.1 Cabinet Radiography. Cabinet radiography shall be exempt
from other requirements of Part 6.0; however, no registrant
shall permit any individual to operate a cabinet radio—
graphy unit until such individual has received a copy of,
and instruction in, and demonstrated an understanding of
operating procedures for the unit, and has demonstrated
competence in its use.

6.05.2 Shielded Room Radiography. Shielded room radiography shall
be exempt from other requirements of Part 6.0; however,

(a) No registrant shall permit any individual to operate
a radiation machine for shielded room radiography
until such individual has received a copy of, and
instruction in, and demonstrated an understanding of
operating procedures for the unit, and has demon-
strated competence in its use.

(b) Each registrant shall supply appropriate personnel
monitoring equipment to, and shall require the use
of such equipment by, every individual who operates,
who makes "set-ups", or who performs maintenance on
a radiation machine for shielded room radiography.

(¢) A physical radiation survey shall be conducted to
determine that the radiation machine is "off" prior
to each entry into the shielded room. Such surveys
shall be made with a radiation measuring instrument
capable of measuring radiation of the energies and

—66-




at the dose rates to be encountered, which is in
fgood working order, and which has been properly
calibrated within the preceding three months or
following the last instrument scrvicing, whichever
is later.

6.05.3 Field Radiography. Tield Radiography shall be exempt from
6.03.1, 6.03.3, 6.03.5, and 6.04.6; however,

(a) A physical radiation survey shall be conducted to
determine that the radiation machine is "off" prior
to each entry into the radiographic exposure area,
Such surveys shall be made with a radiation measuring
instrument capable of measuring radiation of the
encrygices and at the dose rates to be cneountered,
which is in good working order, and which has been
properly calibrated within the preceding three months
or following the last instrument servicing, whichever
is later. Survey results and records of boundary
locations shall be maintained and kept available for
inspection.

(b) Mobile or portable radiation machines shall be
physically secured to prevent removal by unauthorized
personnel.

6.06 INSTRUCTION OF INDUSTRIAL RADIOGRAPHERS

Pursuant to 6.04, an outline of the subjects to be coverced in a
minimum amount of instruction for radiographers is contained below:

6.06.1 Fundamentals of Radiation Safety
(a) Characteristics of gamma and X-radiation.
(b) Units of radiation dose (mrem) and quantity of
radioactivity (curie).
(¢) Hazards of excessive exposure of radiation.
(d) Levels of radiation from sources of radiation.
(e) Methods of controlling radiation dose.
(1) Working time.
(2) Working distances.
(3) Shielding.
6.06.2 Radiation Detection Instrumentation to be Used
(a) Use of radiation survey instruments,
(1) Operation.
(2) Calibration.

(3) TLimitations.
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6.06.3

6.06.4

6.06.5

(b) Survey techniques.

(¢) Use of personnel monitoring equipment.
(1) Film badges.
(2) Pocket dosimeters.

(3) Pocket chambers.

Radiographic Equipment to be Used

(a) Remote handling equipment.

(b) Radiographic exposurc devices and sealed sources.

(¢) Storage containers.

(d) Operation and control of X-ray equipment.

The requirements of pertinent Federal and State regulations

The registrant's written operating and emergency procedures
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PART 7.0

RADIATLON SAFETY REQUIREMENTS FOR
ANALYTICAL X-RAY EQUIPMENT

7.01 SCOPE
this part

cauipment . The requirements of |

not __i_u_ B u.l_}_)_.f—_:_t i_t'__ut_'iun__ i or _:1[_)_[._7__]_i_._c;'1__i_);l

these repula tio

wides special requirements for analytical x-ray
juirements of this part arce in addition to, and

in other parts

requl remer of

7.02 DET INTTIONS

(1) Analytical x-ray equipment means equipment used for x-ray diffraction
Huoresc dnalysis.

(2) Anajytical ATIay system means a group of components utilizing xrays

Lo d¢ rmine the elemental composition or Lo examine the micro-
structure of materials.

(3) _ fni}fﬁﬁfo_ch ‘teristics mean a design feature which causes bheam
port shutters to c or chprsze_prqvents emergence of primary
heamw, upon the Fadilure
St wpon the Failure

of safety or warning device.

) Local components mean part of an analyric al x-ray system and include

arcas that are truck by xrays such as iation source housings,

assemblies, col Timators, sample holders, camernsg N

Zgulhyw;gggslmqigcctqﬂﬁ and shielding, but do not include power supplies,
{r

pore and shutte

EQEQEEEL‘ﬂmp]ifiers,_;eadout devices, and control panels.

(3) Normal operating procedures mean step-by-step instructiggﬁ_gpcqssary
Lo accomplish the analysis. These Procedures shall include_ﬁgmglg_
insertion and manipulation, equipment alignment, routine maintenance
by the registrant, and data recording procedures which are related to

radiation safety.

(6) Qngg:hgﬂm_ggﬂfiguration means an analytical x-ray system in which an
individual could accidently place some part of his body in the primary
beam path during normal operation.

7) Primary beam means radiation which passes through an aperture of the
source housing by a direct path from the X-ray tube or a radioactive
source located in the radiation Source housing,

7.03 EQUIPMENT REQUIREMENTS

_ZLQEL{_ Safegxupgyice. A deviece which prevents the entry of any portion
Lof an_individual's body into the primary x-ray beam path or
Which causes the beam to be shut off upon entry into its path_
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_sha%}_bq provided on all open—bcam cpnfigurqtiqns. A
registrant may apply to the Agency for an exempt ion from

the requirement of & safety device. Such application
shall include:

(a) A description of the various safety devices that have
been evaluated.

(b) The reason each of these devices cannot_be used, and

(¢) A description of the alternative methods that will be

S5 imploycd to minimize the possibility of an accidental
exposure, including procedures Lo assuis, that operators

and others in the area wi 11 be informed of the absence

of safety devices.

7.03.2  Warning Devices
(a) Open-beam configurations shall be provided with a

readily discernible indication of:

(1) X-ray tube status (ON-OFF) located near the
radiation source housing, if the primary beam
is controlled in this manner; and/or.

(2) Shutter status (OPEN—CLOSED) located near each
port on the radiation source housing, if the
primary beam is controlled in this manner:

(h)_ V!-‘!_r_r}_i__'.?_n__(!ﬂ%ﬂ%%jh_al}_‘?_9-__.1,__«'_113_91_65.1_»?.9__9111!:.___L;!,.l_e_i_-..t;__uur pose
is casily identified. On_equipment ins illed after the
cffective date of these regulations, warning devices
shall have fail-safe characteristics.

7.03.3  Ports. Unused ports on radiation source housings shall be
secured in the closed position_in_a manner which will pre-
vent_casual opening.

7.03.4 Labeling. All analytical x-ray equipment shall be labeled

with a readily discernible sign or sipgns bearing the
radiation symbol and the words:

(a) "CAUTION - HIGH INTENSITY X-RAY BEAM," or words_
~ having a similar intent, on the x-ray source
housing; and

(b) "CAUTION RADIATION - THIS EQUIPMENT RBQDQQE§MBA21AIIQN

= (JHEN ENERGIZED,” or words having a similar intent,
near any switch that energizes an x-ray tube if the
;radiagion source is an x-ray tube; or
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7.04

J:03.60 Warning Lights

() "CAUTION - PAU[()ACTIV( MATURTAL," or words having

the source housing i the

imitar

enl, on .
ig a_ﬁﬂdiongglidq.

re ulL iion source

-03.5  Shutters. On open-beam configurations installed after the
effective date of these regulations, each port on_ the
radiation source housing shall be equipped with a shutter

mot be opened unless o collimator or a_coupling
has boan connected Lo the pnr r.

__(."l_) An casily vis sible warning Light labeled with the words

"XRAY ON", or words having a_similar inlent, shall
be_loca e :

) near any swibch that energizes an x-ray tube

and shall be 11]um1ndted only when the tube
is energized; or

(2) in_the case of a radioactive source, near any
switch that opens a housing shutter, and shall
be illuminated only when the shuttqymls OPEQ:

(b) On _ecquipment installed after the effective date of these

regulations, warning lluth shal] have fail- HﬂfP_
characteristics.

/-03.7  Radiatjon Source Housing. Fach x-ray tube _bousing shall be

s0 (onsrrn(lvd thar _w1Lh alt %hultors C]Oqed _the leakage
s I(_l] ation measured at a distance SN i surface
is m)l e 11_1[)!(- of producing o d()a_ _in _excess 0( 2.0 mrem

in one hour at any %pECLfLCd rube raLlng

_7-03.8  Generator Cabinet. Each x-ray gencrator shall be supplied

with a protective cab1net WhLCh limits leakage radldtlon
measured at a distance of 5 cm from its surface such that

it is not capable of produc1ng a dose in excess of 0.25 mrem
in_one hour.

AREA REQUIREMENTS

Z1.04.1 Radiation Levels. The local components of an analytical x-ray

system shall be located and arranged and shall include
sufficient shielding or access control such that no radlation
levels exist in any area surrounding the local component group
which could result in_a dose to an individual present therein
in excess of the dose limits given in 3.03 of these regula-
tions. For systems utilizing x-ray tubes, these levels shall
be met at any specified tube rating.

—71-



_7.04.2

_Surveys

(a) Radiation surveys, as required by 3.04.2 of these
regulations, of all analytical x-ray systems o
sufficient to show compliance with 7.04.1 shall
be performed:

Q

Upon_installation of the equipment and at
least once every 12 months thereafter;

(g) Eollowing any change in the initial arrange-
ment, number, or type of local components in
the system;

3 ol lowine any maintenance requiring the dis-
- . Rk LI A o e . L2 M -

assembly or removal of a local component in
the system;

(4) During the performance of maintenance and

" Talignment procedures if the procedures require
the presence of a primary x-ray beam when any
local component in the system is disassembled
or_removed;

(5) Any time a visual inspection of the local com-
ponents in the system reveals an abnormal
_coqgitioqi_gnd

(6) Whenever personnel monitoring devices show a

i significant increase over the pré@ibﬁé monitoring
period or the readings are approaching the limits
specified in 3.02 of these regulations.

(b) Radiation survey measurcments shall not be required if
a registrant can demonstrate compliance to the satis-—
faction of the Agency with 7.04.1 in some other manner.

7.04.3 Posting. Each area or room containing analytical x-ray equip-
ment shall be conspicuously posted with a sign or signs
bearing the radiation symbol and the words "CAUTION - X-RAY
EQUIPMENT" or words having a similar intent.

7.05 OPERATING REQUIREMENTS
7.05.1  Procedures. Normal operating procedures shall be written

‘and available to all analytical x-ray equipment workers.

No person shall be permitted to operate analytical x-ray

equipment in any manner other than that specified in the

procedures unless such person has obtained written approval

of the radiation safety officer.
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7.05.2

Bypassing. No person shall bypass a safety device unless

such person has obtained the approval of the radiation
safety officer. Such approval shall be for a specificd
period of time. When a safety device has been bypassed,
a readily discernible sign bearing the words "SAFETY

DEVICE NOT WORKING," or words haVLng a similar intent,

shall be placed on the radiation source housing,

/.06 PERSONNEL REQUIREMENTS

7.06. 1

7.06.2

Instruction. No_person shall be permitted to operate or
maintain analytical x-ray equipment unless such person
hl% received ingstruckion il[ﬂ”ﬂ dumonstrutqﬂ_gpwng(oqug_
as tn

(a) Tdentification of radiation hazards associated with
the use of the equipment;

(b) Significance of the various radiation warning and
safety devices incorporated into the equipment, or
the reasons they have not been installed on certain
pieces of equipment and the extra precautlons

quulred 1n quch Cd%LS

(c) Proper operating procedures for the cquipment;

(d) SympLoms of an acute localized exposure; and

(¢) Proper procedures for reporting an actual or sus-—
pected exposure.

Personnel Monitoring

(a) Finger or wrist dosimetric devices shall be provided

to and shall be used by:

(1) Analytical x-ray equipment workers using systems
having an open—beam configuration and not equipped
with a safety device; and

(2) Personnel maintaining analytical x-ray equipment
if the maintenance procedures require the presence
of a primary x-ray beam when any local component
in the analytical x-ray system is disassembled or
removed.

(b) Reported dose values shall not be used for the purpose
of determining compliance with 3.02 of these regulations
unless evaluated by a qualified expert.
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PART 8.0
RADIATION SAFETY REQUIREMENTS FOR PARTICLE ACCELERATORS

£:01 PURPOSE AND_SCOPE

8.01.1 This part cstablishes procedures for the registration and

f

use of particle accelerators.

8.01.2 In addition to the requirements. of thisg part, all repgistrantg
are subject to the requirements of Parts 1.0, 2.0 and 3.0.
'Bcgistrants engaged in industrial radiographic operationsg
are subject to the requircments of Part 6.0 and repistrants
engaged in the healing arts are subject to the requirements
of Part 4.0 and/or Part 5.0 of these regulations.

8.02 REGISTRATION REQUIREMENTS

No person_shall receive, possess, use, transfer, own or acquire a
particle accelerator unless such is in compliance with the registra-
tion requirements in Part 2.0 of these regulations.

8.03 GENERAL REQUIREMENTS FOR THE USE OF PARTICLE ACCELERATORS
;ﬁ03:l in addition_to the requirements sct forth in Part 2.0, a

registration for the uyse of a particle accelerator will not
be issued unless the Agency determines that:

(a) The applicant is qualified by reason _of training and
experience to use the accelerator in questions for
The purpose intended in accordance with this part and
Part 3.0 in such a manner as to minimize danger to
public health and safety or propertys;

(b) The applicants' proposed equipment, facilities, and
operating and emergency procedures are adequate to
protect health and minimize danger to public health
and safety or property;

(c) The issuance of the registration will not be inimical
to the health and safcty of the public, and the
applicant satisfies any applicable special requirement
in 8.04 of these regulations;

(d) The applicant has appointed a radiation safety officer;
Y i

(¢) The applicant and/or his staff has substantial experience
in the use of particle accelerators for the intended use;
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8.04

8.05.

(£).. . The applicant_has established A radiation_safety
Lommittee to_approve, in advance, _proposals for usc
_gi_pgrtlule”aucnlerator%, whenever deemed necessary
by the Agency; and

(&) _The applicant has an adequate training program for
,Lqul(Ic_AC(e]erdtor oOPeralLors ..

HUMAN USE OF PARTICLE ACCELERATORS

8.04.1 tn addition to the requirements sot forth in Parrc 7.0
Fegistration Tor use of a particle accelerator in the

P
healing ares will be issued only if:

a)  Whencver deemed necessary by the Agenc the
) .. Yy Z Y

rebl trant has app01nted a medlgal COmmltlLL ol at
qu

- Mgmhetshl__gf the commlttee
_mall InLlude phy81clang expert. in internal medicine,
matology, therapeutic radiology and a person
cxperienced in depth dose calculations _and protecrion
Against radiationg

(b) _ The individuals designated on the application as the
users_have substantlal Lralm_n0 and. LXP@FJEHL& in

\nCPg19TthT% Lo treat humqns; ggg_
(¢)  The individuwl dv%ivnwlvd on_thenﬂpplivntinn as the

RADIATION SAFETY REOUIREMENTS FOR THE USE OF PARTICLE ACCELERATORS

8.05.1 General Provisions

-

(a)__This subpart establishes radiation safety requircments
fqg_mhe use of particle accelerators whlch_a1L in
addition to, and not in substitution for, other
applicable provisions of these regulations.

() _. The registrant shall be_ responsible for assuring
that all requirements of this part are met.

8.05.2  Limitations

(a)  _No registrant shall permit any person to act as a
barticle accelerator operator until such person:
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(1) . Has been instructed in radiation salety and
shall have demomstvated an understanding thereois

(2) Uas received coplces of and_ instructiop in Lhis

part_and the applicable requirements of Part 3.0,
_pertinent registration conditions and the
jvgisprqnts' operating and emorg@nny_pruuvdureﬁ, and
chall have demonstrated understanding thereols and

(3 lhns_(lenu)ntglr%Jtucl campetence to use the particle
accelerator, related equipment, and survey instrus,
mengs which will be employed in his assignment.

(b) mither the radiation salety Ccommillec or the radiation
satety ofticer shall have the authorilty bo terminate
;henpporugions_nt a particle acceleralor facility if
such action is deemed necessary to protect health and
minimize danger to public hcalth and safety ov property.

8.05.3 _ Shielding and Safety Pesign Requirements

(a) & qualified expert specifically accepted by the Apency
shall be conSulted_in_thu design of the particle accel=
grator installation and called upon to perform a
radiation suarvey when the accelerator is (irst capable

pf producing radiation.

th__ﬁﬁgh”pat;LﬁL@.ggeglgrator installation shall he pro=
zidﬁd_WiEh_suezmpximary“and[qp secondary harriers as.
f&%ﬁﬂ%ﬁ@ﬁyigﬁﬁmm3qmgummﬁﬂa@mhglm@;LOL

ﬁfQSLQunnkarﬁiclemAcceLﬁtgﬁqz_QQQLEQiSUﬂngwlngzlggkdﬁlSLgmx

a Instrumentation readouts, and controls on the article
a) Instrumentation, Yeadouts, i . =iiloc ool mooe partlcle
accelerator control console shall k
and easily discernible.

clearly identified

(hlw_Alegugﬁﬁgggsmingqma,;argegﬂgggmwgzmg;hgt_high"gadiation
area_shall be provided with interlocks that shut down

thg_maghigg_gudgznggggl";gngnQiphgxzig;_pgnngatio

(c)___When an interlock system has bggn_irippgd4_iimﬁhall_anlx

PQ_PQéﬁib1§mEQ_£§§HMQWQP?£atiOH of the accelerator by
m@ggalll_nggzgigg_ggg;zglgwg;_zhg_pgaitign_whgxgﬂth

igggzlgsk;hgﬁnhggg_gzipnaQJmgndmlﬂaglxugg_ghg_mgig_
control console.

(d) _ Rach salety_interlock shall be on a circuit_which shall.
allow itsmQDEIQEiQQWindcpgngenzlymQf”all_pghcxnsaigzz
interlocks.

ﬁgntnat“agy_gefagﬁ_Qr_pompgngnzmigilyrg.immghg_igge;ngk

System prevents operation of the accelerator.

(e) All safctyninzerlqngmShﬁll_b@_fail safe, i.c., designed

—76-




8.05.6

() A sevam battea o other emergency power culoff
switeh shall be located aad easily identi{iable in
all high radiation areas.  bSach a cunoll switeh
shalt include o monual reset so thal the woceleyator
cannol he restavied from the accelevator coniioi

convede wivhoor resetting the cutoi [ switeh.

Wieening Loviens

PoOATE teenticns desionated as o bipgh vadiniion creas, and

B

enbraasen boosuch bocal bons shall boe cquipped wish
canily observable Ylashing or rolating warning iiphto
Mot operace when, and only when, radialion is bolng
priducad,

(b}  Bwoept in facilities designed for human cxposure, ek
high radiation aren shatll have an audible warning device
which chall be activated for 15 seconds prior to the
possible creatlon of such high radiation area. Such
warning device shall be clearly discernible in all

high radiation arcas and all radiation arcas.

‘( ) Barrvicers, temporary or olherwise, and pathways feading
to high radiation arcas shall be identilicd in
aceerdance with 3.06.

Dperating Procedures
¥ Ceoures

(a1)  Pavticle aceeclerators, when not in use, shall he secured
Lo prevent unauthorized use.

(b)  Only o switch on the accelerator control console shalj
be routinely uscd to turn rthe acceleralor beam on and
oft. The gafety hall not be used

‘t_o ‘turn of{ the :

Lterlock system
¢ le‘ruLOT beam except in an emergency.

(c) ALl sarety and warning devices, including interlocks,
shall he checked for proper operability ar invervalsg
net to erce _thre;_mqnths:_ Results of such tests
shall be maintained for inspection by the Agency at the
accelerator facility.

(d) Electrical circuit Jdiagrams of the accelerator, and the
associated interlock uy%tc—'mq shall be kept current and
malntATnod for inspection by the A%encv and available
to the operator at each «.1(___.cel_t;rd__t()r fa_(__l_ lity.

{e) if, for aany reason, it is necessary to intentionally bypasa
a salety interfock or interlocks, such action shall be




8.05.7

6

(1) Authorized by the radiation safety committee
and/or the radiation safety officer;

(2) Rccorded in a permanent log and a notice posted
at the accelerator control comsole; and

(3) Terminated as soon as possible.

A copy of the current operating and emergency procedures
shall be maintained at the accelerator control panel.

Radiation Monitoring Requirements

(a)

(b) .

(c) .

(d).
e) .

(g)

There shall be available at cach particle accelerator
facility, appropriate portable monitoring equipment
which is operable and has been calibrated for the
appropriate radiations being produced at the facility.
Such equipment shall be tested fdt'pfépcr”bpéfét{55_¢A
daily and calibrated at intervals not to exceed one
_year, and after servicing and repair.

A radiation protection survey shall be performed and
documented by a qualificd expert specifically approved
by the Agency when changes have been made in shielding,
operation, equipment, or occupancy of adjacent areas.

Radiation levels in all high radiation areas shall bhe
pontinuously“monitored. The monitoring devices shall
be electrically independent of the accelerator control
and interlock systems and capable of providing a remote
and Jocal readout with visual and/or audible alarms at
both the control. panel and at the entrance to high
radiation areas, and other appropriate locations so
that people entering or present become aware of the
existence of the hazard.

All area monitors shall be calibrated quarterly.

WhengyepmapPlicable, periodic surveys shall be made
to determine the amount of airborne particulate
radioactivity present in areas of airborne hazards.

Whenever applicable, periodic smear surveys shall be
made to determine the degree of contamination in
target and other pertinent areas.

All area surveys shall be made in accordance with the

written procedures established by a qualified expert
or the radiation safety officer of the particle.
accelerator facility.
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(h)  Records of all radiation protection surveys, calibra-
tion resulrs, instrumentarion tesls, and smear resul ts
shall be kept current and on file at each acceleralor
facility.

8.05.8 Ventilation Systems

(a) Adequate ventilation shall be provided in areas where
airborne radioactivity may be prodaced.

(b) A registrant, as required by 3.03.3, shaltl not vent,
release or otherwise discharge airborne radioaclive
material to an unrestricted area which excecds the
limits in Part 9.0, Appendix A, Table P, except as
anthorizad pursuant Lo 3.09.2 or 3.03.3(b). For
purposes of this paragraph, concentrations may be
averaged over a period not greater than one year.
Every reasonable effort should be made to maintain
releases of radioactive material to unrestricted
areas as far below these limits as practicable.
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ABOVE NATURAL BACKGROYND

flewment (atemic number)

Actinium (89)

Amcnicunm {95}

Antimony (51) ...

Argon (18)
Arsenic (33)

Astatine (85)

Barium (56)

Berkelium (97) ..

Beryllium (4).. ...

Bismuth (83)

Bromine (35)

Cadmium (48)

PART 6.0

APPENDIX A
CONCENTRATIONS IN AIR AN WATER

(See notes at end of appendix)

A

Am
Am
A
Am

Am

A

Ba
Ba

Bk
Bk

Be

227

tsotoped

22K
|
240,
712
243

REN)

131

140

249

250

206
207
210
212

! Tahie & l Table it
Column 1 {{sluma 2 ‘ Celunin 1 }'C[ﬂnmn 2
Ab Mialer A Water

(uc, mly {as/mby fuciml) | (u/mly
S 2310 7 Lexlis | Bx10 0 | 2x10
( AN TR TV AR B TR T (R 3 [V
g S A0 ! RER 10 9x 1) *
| 2lu i o Gl | ol
s o0 R N T Dx 0T A0
f (RN TU AR R Axi0 'Y 1 2x10 "
S Outo i Laao o lacio -
i EERIUEN IR KV I ;*nm rux it
5 AR N S L talty” ixio "
1 S S jaxio e X100 Ix10?
S 61007 | ExIet ] 2010 7T D ax10°
I Ix O 10 w10 AxI0T L1000
5 4x10 ¢ Pxtg!? | Ixio0 7 ! 5x10°
1 ovin [ 1x10 | 8xio sxin®
S 2¢107 [ &x10 4 L ex10- | 3x10°°
1 Ix1007 [ 8x10 % ¢ 5x107Y 1 3xi0
S 231077 Tl 4 5x10°? 2x10-"
1 2x10° Txio? Tx10 70 | 20 ¢
S Sxl 7 INTO Y L 2x10 00 Ixtiy !
1 \ A ‘\xl() N Gy i e | 110 1
Sub?l ox10! E Ixi0 ¢ E
Sub 2xl 4x10
5 2x10 ¢ Ixt4? 7x10°0 Sx10"
i AN10 7 [ 1x107 D Ix1e® | 5x107
S I’ 2x10* ix10-8 Sx10*
I Ixi0 7 2x10°° 4x10 7 5x10°
5 1xto 7 Gl ! Ax10 7 2x10 ¢
I Ix10 7 ox10 1 Axi0 " 2xliy "
S5 Sy 7 [ 2x10 00 | 2xd0 7 o BxI0”
I a7 RAR LI Ix10® 8x10 "
S Tx10 Sxi" 2x16 10 | 2x10 ¢
1 RESLV 2x10 7 1x10" 7x10 "
R 10 % [5xE0? | 4x162 | 2x107
1 Ax10°7 1 Sx10 3 | 1xt0® | 2x10™"
S Ix10 7 | Rx10 4 | 4x10°7 | 3x10 °
I 4x10°% | 7x10°% | 1x10°° | 2x10°%
b 9xi0TC [ 2x1077 | 3x10T | 6x107¢
i [x10-7 [ 2x10 7 | 4x10°% | 6x104
5 Ixi0 7 faxlor? | 5x10° | 2x104
i 1x10-% | 6x107 | 4x10°% | 2x107*
S 6x107% | 5x10°2 | 2x10°7 | 2x10-?
1 1x10°% 15x107 | 4x10°% | 2x10°3°
S ax1077 it | exior | 4x108
1 1x10+/ 1 Ix10°2 | 5x10° 7 | 4x10°°
i 2x1077 1 2x10°% | 6x10- ¢ | 6x10°°
{ Ix107® [ 2x10°% | 5x1077° | 6x10 3
5 6x10 7 1ix10 3 1 2x10 '} 4x10*
I 6x10 7 Ixf0" 2x10710 | 45107
5 110 7 1x10* Ix10°? 4x10°*
i 2x1077 Ixi02 | 7x10°7 | 4x10*
5 Ixigr " ¥xln ? Axto " 10"
¥ Il Is10 " 610 ? 4510
5 S5x1n ° Sxih 2510 7 2x104
i i Tx10 ¢ 5x10 4 Ix10 7 2x10 ¢
5 Ax10% {1 7xt0% | Ixl0 7 [ 3x10
[ 4x10 % Tyl # Ixto ~ IxI0
S5 Ix07 15107 8x107* Ix107%
I 2x107 %107 Gx10°7 4x10°°

See footnotes at end of table
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APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAL BACKGROUND

(See notes at end of appendix) .
Tahle | Tabhle 1
Element (atomic number) IsotopeT Colump 1 |Column 2 Column 1 | Column 2
4 Water Air Water
(uc/ml) {uc/ml) (uc/ml) (uc/ml)
Calcinm (20) Ca 45 S 3x108 | 3x104 | 1x10 7 | 9x10°¢
1 X107 5x10°° | 4x10 7 | 2x10
Ca a7 5 2x 1077 1510 ¢ 6x10°? 5x10°2
I 2x10 7 | ix10°% | 6x10°¢ | 3x10°"
Californium (98) . {C{ 249 i) 2x10 17 | Ix10 4 | 5x10°'4 L 4x10 #
1 Ix10 '} 7x100° 3x10°'2 | 2x107®
Cf 250 5 5x107'2 | 4x10 4 2x10°13 1 Ix10®
I 1x10 ' 7x10°4 1 3x107'% | 3x10°3
Cf 251 5 2x10°'2 [ 1x1072 6x107'4 | 4x10 ®
I 1x10°70 | gx10 * | 3x10 '2 | 3x10-°
Cf 252 S 2%10 ' | 7x10-* | 7x107'? | 2x107°
I 1x10-'0 | 7x10°% | 4x107'2 | 2xj0°2
Cf 253 S 8x1071° | 4x10-® | 3x10°'! | 1x10*
I 8x107'0 [ 4x10°* | 3x10 " | 1x10°*
Cf 254 ) 5x10772 | 4x107 | 2x107'7 ) 1x10°7
| §x10 1% [ 4x10°% | 2x107'* | 1x107
Carbon (6)... ... .. C 14 S 4x10°% | 2x10°? Ix10°7 | 8x10 4
(CO:) Sub |} 5x10°® 1x10 %
Cerium (58) .. Ce 141 N 4x10-7 | 3x1073 | 2x10 8 | 9x10-*
I 2x10°7 Ixin? 5x10° 9x10-*
Ce 143 s 3x107 1X10°3% | 9x10°7 | 4x10 7
1 2x107 1x10°2 7x107% | Ax10-*
Ce 144 S 1x10°2 3x10°* Ix107'° | 1x10 3
X 6x10- | 3x10°% | 2x10 '® | 1x10-%
Cesium (55) ... ... |Cs 131 S 1x10-% | 7x10°2 | 4x10°7 | 2x10-?
I Ix10¢ | 3x10°2 1x10-7 1 9x104
Cs 134 m 5 4x107 {1 2x1070 | 1x10 ¢ | 6x107* -
I 6x10-¢ | 3x1072 | 2x10°7 | 1x10°?
Cs 134 S 4x10 * | 3x10 4 1x10°7 | 9x10°¢ .
1 1x10% L1070 | 4x107'° | 4x10°%
Cs 135 S Sxio 7 ixto ! 2x10 8 1x10 4
| 9x10 ° Tx10 ! Ixio 7 2xi0
[ 136G 5 4310 7 2xl ! Iylo @ Ox10 "
1 2x10°7 [2x1074% | 6x10°? | 6x10°
Cs 137 5 6x10 ¢ 4x10 4 2x10 7 2x10 *
1 1x10-® 1x10 S5x1071° | 4x10°*
Chlorine (17). ... [C] 36 5 4x10 7 | 2x10-* | 1x10°® | 8x10°3
I 2x10-° [ 2x107* | 8x107'® | 6x10°%
Cl 38 S 3x10°% | 1x10°2 | 9x10°° | 4x107*
I 2x10- | 1x107? | 7x10°® | 4x107¢
Chromium (24).. . |Cr 51 S 1x10°% | 5x1072 | 4x10°7 | 2x107?
1 2x107¢ | 5x10-2 | 8x10°% |2x107*
Cobalt (27} ... Co 57 S 3x10°¢ | 2x10°2 | 1x10~7 | 5x107*
I 2x10°7 1x1072 | 6x1077 | 4x10°*
Co 58 M S 2x10-5 | 8x10-2 | 6x1077 | 3x107°
1 9x10-% | 6x10°2 | 3x10-7 | 2x10°?
Co 58 S 8x1077 | 4x1073 | 3x10% | 1x10™*
I 5x10-% | 3x10°3 | 2x10°° | 9x10°%
Co 60 s 3x1077 1x10-? 1x10-® | 5x10°°
1 9x10-* | 1x10-* | 3x107'° | 3x10°%
Copper (29) ... . |Cu 64 S 2x10 % | 1x102 | 7x10° | 3x10-
I 1x10¢ | 6x10™ | 4x1078 | 2x70°*
Curium (96) Cm 242 S 1x10-'° | 7x107* | 4x107'2 | 2x10°*
1 2x107'° [ 7x10-* | 6x107'2 | 3x10-%
Cm 243 5 6x10-2 | Ix10™% | 2x107'? | 5x107®
I 1x1077° 17104 | 3x107'? | 2x107°
Cm 244 S 9x10-'2 | 2x10~4 | 3x10°'® | 7x107°
1 1x10-'° | 8x107* | 3x107'? | 3x10-5
Cm 245 ) 5x107'2 { 1x10-* | 2x10-'3 | 4x10°®
' 1 1x10-'° | 8x10* | 4x107'* | 3x10-5

See footnotes at end of table
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Gallium {313
Germanmium (32)

Gold (79}

Hafnoane ¢72)

See foot oies at end o
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ABGVE NATURAL BACKGROUND

APPENDIX A
CONCENTRATIONS IN AIR AND WATER

(See notes at end of appendix)

Etenent (atomic number)

Holmiam (67)

Hydrogen (1)

indium (49)

Todine (52) .. .

Iridium (77)

Iron (26) .. . .......

Krypton (36) .

Lanthanum (57)____._

Lead (82) ... ... .

Lutctium (71)

Manganese (25).

Ho

"

In
In
In

Pb
Pb
Pb

Mn'

Isotopel!

N l-.()()

113 m
114 m
115 m
115

125
126
129

132
133
134
135

190
192
194

203
210
212

177

52
54
56

w—r

Sub

o R R Rl R Bl o Bl 0 Rl 2 1 B ¥4

Table | Table I
Column 1 |Column 2 Columa 1 | Column 2
Air Water Air Water
{ue/mi) {ne/ml) (uc/mty | (ug/ml)
2x10 7 9x10 1 Ixio? 3xlo*©
2x10 7 ax o Gx10 7 ix10 3
Sx10 ° Ix10 ! 2x10 7 3x10?
5x1400 " 1x10? 2x10°7 Ix10°

2x10°* 4x10 ° .
Ex10°% | 4x102 | 3x10°7 | [x10°%
7x10°¢ | 4x10°% | 2x10*7 1x10-?
1x10 7 | 5x10°% | 4x10°® | 2x10r°
2x10-% | 5x10 ~*| 7x10-1° | 2x10°®
2x10°¢ | 1x10°2 | 8x107® | 4x10°*
2x107¢ | 1x10-2 | 6x10°% | 4x10*
2x10-7 | 3x1072 | 9x10~® | 9x10-*
3x10% {3x107 | Ix10-% | 9x10-%
5x10-% | 4x10°5 | 8x10°'' | 2x10°7
2x10-7 {1 6x10 7 | 6x10°° | 2x10°4
8x10°9 1 5x10° | 9xte ' | Ax107
3x1077 Ixi0? 1x10 8 | 9x10°*
2x10 * 1x10 3 2x10 ' | 6x10 °
7x10° | 6x10° | 2x10¥ | 2x10 4
6x10°7 | 6x10 % | 1x10-'° ] 3x10°7
3x10°7 | 2x10°? 1x10 % | 6x10°%
2x10°7 1 2x10°* | 3x10-7 | 8x10°®
ox10°7 | 5x10°2 | 3x10°% | 2x10+4
3x10°% | 2x10% | 4x10°'° | 1x10-¢
2x1077 | 1102 | 7x10°7 | 4x107°3
5x10°7 | 4x10° | 6x10° | 2x10-%
3x107¢ | 2x10°2 | 1x1077 | 6x10°*
1x10-7 | 7x10°% | 1x10°° | 4x10-%
4x10 7 | 2x10-2 1x10-% [ 7x1073
1x10¢ | 6x102% | 4x10°° | 2x107°*
4x10°7 | 5x1073 | 1xto® | 2x10-4
1x10°7 | 1x10* | 4x10? | 4x10™*
3x10-8 [ I1x107* | 9x10°'° | 4x10-%
2x10-7 | 1x10°* | 8x10° | 3x10-°
2x1077 | 9x10°* | 5x10°7 | 3x10°°
9x10~7 | 2x10~* | 3x10® | 8x10*
1x10-¢ | 7x10°2 | 3x10* | 2x10°?
1x107 | 2x10-° | 5xI10°

5x1078 | 2x107* | 2x10°°

6x10-¢ 1x10-7

1x10-° 3x107

1x10-¢ 2x10-°

1x10¢ | .. 2x10-*

2x10°7 | 7x104 | 5x10°°

11077 | 7x10~* | 4x10°7

3x10°¢ | 1x10-? | 9x10-®

2x10-¢ | 1x107? | 6x10°®

1x107'° | 4x10-¢ | 4x10-'?

2x10-1° | 5x10* | Bx10°'2

2x10-% | 6x1074 | 6x10°'°

2x10°® | S5x10°* | 7x10-'°

6x10-7 | Ix10 | 2x10°®

sx107 [ 3x10? | 2x10°®

2x10°7 1 1x107* | 7x10°7

1x10-7 | 9x10°* | 5x10°°

4x10°7 | 4x107* | 1x107°

4x107¢ | 3x10°® | 1x107°

8x107 | 4x10* | 3x107®

5x10-7 | 3x107* | 2x10-®

See fooinotes at end of table




APPENDIX A

CONCENTRATIONS IN AIR AND WATER
. ABOVE NATURAL BACKGROUND

(See notes at end of appendix)

Tahble 11

Element (atamic number) 1sotopel !('w;l:ll: 2 COIUIir:n 1 Covllt:&l: 4
{fue/mi) {ut/ml) {uc/ml)
- [ SRS E e i S
. Mercury (80) Hg 197 m S 6100 ) 3108 | 2x10 4
1 SxO Y | 3Ix10% | 2x10°°
Hg iy 5 Oxi0t L axioet | 3x10 4
I txty Oxf s Sx10°4
Hpy 203 5 S5xl10 4 2x10 ° 2x10"
1 Ixio? Ax (0% 1x10 4
Molybdenum (42) Mo 9 S ax100 | 3x108 ) 2510 4
! %10+ 1 7x10 7 | 4x10 "
Neodyminm (60) Nd 1441 5 2x10 Y | 3x10 7 [ 7x10 %
I Dxi0 0} Ix10-50 | 8x 107"
Nd 147 5 Zx10? Ix10-8 6x10 °
I 2x10° | 8x107 | 6x10°®
Nd 149 5 Ex10-? | 6x10°% | 3x10¢
I ax107* | 5x10?* | 3x10
Neptunium (93) Np 237 S 4x107'2 1 9x10°5 | 1x10-'2 | 3x10°®
1 110712 1 9x104 | 4x10°'2 | 3x10°5
Np 239 5 8x10°7 | dx10* | 3x10® | 1x10-4
I Tx1077 | 4x10°% | 2x10°% | 1x10-4
Nickel (28) . . Ni 59 8 Sxiy7 1 6x10- | 2x10°% | 2x10-4
1 8x10°7 [ 6x10 7 | 3x10-% | 2x107?
Ni 63 S 6x10°% 1 8x10-* | 2x107? | 3x10-5
1 3107 | 2x10 2 | 1x10-% | 7x10 ¢
Ni 65 S Ox10-" | 4x107* | 3x10°® | Ix107*
I Sx10 7 | 3x10°% | 2x10°% | 1x10-*

Niobium

(Columbium) (41) [Nb 93 m S Ix107 | Ix10°2 [ 4x10 7 | 4x10-*
I 2x10°7 fxi()? Sx10 7 ax1( *

. Nh 25 5 5x10 7 Ixi0 4 2x10 " Ix10 4
1 Ix10 7 IO | 3x10° | Ix104

Nb 97 5 Ox10 ¢ Ik ? 2x107 9%x10 4

| 5x10 ¢ 3%10 7 2x10 7 9x10-4

Osmivm (76) - |Os 185 SxI10°7 [ 2x10°% | 2x10°% | 7x10-5
5x10-% | 2x10°% | 2x10 7 | 7x10-5

Os 191 m 2x10 1 7x107% | 6x10-7 | 3x10-3

9x10 4 | 7x10°2 | 3x10°7 | 2x10°?

Os 191 Ix107% 1 5x107 | 4x10°% | 2x10~*

4x10~7 | 5x10 | 1x10-8 | 2x10-*

0Os 193 Ax1077 1 2x10- % 1x10°% | 6x10-°

3Ix10-7 1 2x107* | 9x10~° | 5x10°5

Palladium (46) .. _ {Pd 103 Ix10-% [ 1x10°2 | 5x10-% | 3x10"+4
Tx1077 | 8x107% | 3x10°% | 3x10-4

Pd 109 6x1077 1§ 3x107% | 2x10°° | 9x10-5

4x10°7 | 2x107* | 1x10°® | 7x10°5

Tx10-% | 5x10°4 | 2x10°7 | 2x10°5
8x10°% | 7x104 | 3x10°7 | 2x10-°

8x10-7 1 4x107 | 3x10% | 1x10+
6x10°7 | 3x10°% | 2x107* | 1x10-*

Phosphorus (15). p 32

. Platinum (78) Pt 191

WAV = AR e O e U~

Pt 193 m 7x10 % 13x10 7 | 2x10°7 | 1x10?

5x10°% | 3x10°2 | 2x1077 | 1x10?

Pt 197 m 6x10-¢ 1 3x102 | 2x107 | 1x10-?

5x107% | 3x10°2 | 2x10-7 | 9x10-*

Pt 197 8x1077 | 4x103 | 3x10°® | 1x10-*

. 6x10-7 [ 3x107% | 2x10°8 | Ix104
Plutonium (94)...___. [Pu 238 S 2x10-'2 1 Ix10* | 7x10-'4 | 5x10-¢

- I IO 1 8x10 % | 1x10772 | 3x10-5
Pu 239 S 2x10°'2 1 Ix10°* | 6x10-'4 | 5x10 ¢

I 4x10°77T 1 Rx104 L 1x107'2 | 3x10-3

Pu 240 s 2x10°'7 | 1x104 6x10 ' | 5x10-

| 4x10 " | 810+ | 1x10°'2 | 3x10-°

Pu 241 5 9xI10 "M 1 7x10° | 3x107'? | 2x10-4

I 4x107* [ 4x10°% | 1x10-9 | 1x10-?

. See footnotes at end of table
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APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAL BACKGROUND .

(See notes at end of appendix)

Table 1 Table I
Element (atomic number) Isotope? Column 1 | Column 2 Column 1 | Column 2
Air Water Air Water
(ue/ml) (uc/ml) Cue/ml} | (uc/mi)
Pu 242 S DO [ IxI0 8 6x10 "4 | 5x10°¢
I Ax 10T P9x10 4 1x10-'2 | 3x107% .
Pu 243 S 2x10 " Ix10? 6x10°° 3x10-¢
I 2x10 ¢ 1x10 ¢ #x10 8 Ix10 4
Pu 244 S 2510 2 Ix10 4 6x10-'4 L 4x10°°
i 10V 3x10t | 1x107'2 | Ix10 %
Polonium (84) Po 210 S 510 ' | 2x10 % | 210 V' | Txt0)7
I 2x10 7 | 8x10 4 Tx10-12 | 3x10°3
Potassium (19). K 42 s 2x10-¢ 1 9x103 | 7x10°% | 3x107*
i 110 7 | 6x10°* | 4x1077 | 2x10° .
Praseodymium (59) [Pr 142 ) 2x10 7 [ 9x10* | 7x10°7 [ 3x10°
1 2x10°7 | 9x10°4 5x1077 3x107®
Pr 143 3 3x10 7 | 1x107* | 1x10°® | 5x10-°
I 2x107 | 1x107* | 6x107% | 5x10°F
Promethium (61) . [Pm 147 5 6x10% | 6x107 | 2x107 | 2x10~*
1 tx10-/ {6x10°* | 3x107% | 2x10-*
Pm 149 8 Ix10°7 | 1x107% | Ix107" | 4x107°
1 2x10-7 %1073 8x10°7 | 4x10°%
Protoactinium (91) . |Pa 230 S 2x10 7 | 7x107% | 6x10°"" | 2x10-*
1 8x 1010 | 7x10? 3x10°' | 2x10°4
Pa 231 5 Ix10-17 L 3x10 | 4x10° 1% | 9x107
| Ix10 '% ] 810 * 4x107™ | 2x10°° .
Pa 233 S 6x107 4x 107! 2x10r @ 1x10 4
I 2x1077 1 3x10 7 | 6x107% | Ix107*
Radium (88) .. .. [Ra 223 S 2x107% | 2x105 | 6x10°"" | 7x10°7
I 2x107'° | 1x10™* | ¥x107'2 | 4x10°°
Ra 224 S $x10 7 | 7x10°% | 2x10 '° | 2x10-°
T | 7xi00 {2x10 ¢ | 2x10- | 5x10 ¢ .
Ra 226 5 Ix1OTY LAl 3x10712 [ 3x10°°
1 Sx10- ' Ot 2x 072 3x10 ¢
Ra 228 5 X0 ' Bx10 7 2x10 7 [ 3x10 0
1 4x10 " | Ixio 4 Ix10 "2 | 3x10 °
Radon (86) S Rn 220 S Ikl 1x10 8
i
Rn 222 S 1x10°/ 3x10-7
Rhenjum (75) ... Re 183 S 3x10 ¢ | 2x10°2 | 9x10°® | 6x10-4
1 2x10-7 | 8x10°3 | 5x10°7 | 3x107*
Re 186 5 6x10-7 | 3x107® | 2x10°% | 9x107*
I 2x10°7 | 1x10°3 | 8x10°% | 5x10°°
Rc 187 S 9x10-¢ | 7x10°% | 3x1077 | 3x107?
I 5x1077 | 4x10-2 | 2x10°% | 2x107?
Re 188 S 4x10°7 | 2x107° | 1x10°® | 6x10-°
I 2x1077 1 9x10* | 6x10™° | 3x10°°
Rhodium (45) . Rh 103 m S 8x10°% | 4x107 | 3x10¢ | 1x1072
1 6x10°° |3x107 | 2x10°¢ | 1x107?
Rh 105 S 8x10~7 | 4x10-% | 3x10® | 1x10*
I Sx10°7 | 3x107* | 2x10°® | 1x10*
Rubidiom (37)________ Rb 86 S Ix1077 | 2x107* | 1x10°% | 7x10-7
1 7x10-% | 7x10°* | 2x10~* 1 2x10-3
Rb 87 S §x1077 | 3x107® | 2x10°% | [x10-*
1 7x10-8 | 5x10°* | 2x10-° | 2x10-*
Ruthenium (44) . ... {Ru 97 S 2x10°% | Ix10°2 | 8Bx10 2 | 4x10°*
T | 2xio¢ | ixi02 | 6x10°® | 3x10°4 .
Ru 103 S 5xi0 7 | 2x10 3 2x10°% | 8x10~*
1 8x107° | 2x10-* | 3x10-* | 8x10-* )
Ru 105 s 7x10 7§ 3x10°* | 2x10°% | 1x10*
1 5x107 Ix102 1 2x10 8 1x104
Ru 106 S 8x10-% | 4x10-* | 3x10° | 1x10-°
. I 6x10-7 | 3x10-* | 2x10°'° | 1x107°

See footnotes at end of table .




APPENDIN A
CONCENTYRATIONS IN AIR AN WATER

. ABOVE NATURAIL BACKGROUND
(See notes at end of appendix)

l [ Tahte | Tabie 11
Flement (atomic numher) Isatuped ! Column 1 | Column 2 Column 1 | Column 2
Air Water Awr Water
{uc/mi) {ur/mi) (uc/ml) (uc/ml)

]

. Samarium (62) S 147 5 Tx10 ' 125100 | 2x10°72 | 6x10°5
I 310 ' 1243077 | 9x107'2 | 7x107*
Sm 151 5 Ge10P [ IxI0? ) 2x10°7 | 4%10 ¢
i 1x10 7 Ixia-? Sx10 7 4x10 4
Sm 153 5 Sx10 7 2x10 7 2x10-¢ 8x10 *
1 ax10 7 210 [x10°8 Ex10°
Scandium (21) S¢ 16 S 2510 7 Ixi0 ' 8x10 7 | 4x10-7
i RES IS [ERIV Bx10 ' 1 4x10 "
5S¢ A7 S 6Hxi0 - bty 2t Gx10 "
. | Sxl v ! 2x10 " 9410 "
S¢ 48 S x107 axlH Ox10 " Ix10®
I k107 1 8xi07* | 5x1077 | 3x10 °
Sclenium (34) S¢ 75 S Ix10-% | 9xi07 | 4x108 | 3x10 *
1 1107 [ &x10- | 4x10-% | 3x10
Silicon (14) _ _. Si 3t 5 6x10 % 13x10-? | 2x10°7 | 9x10-*
1 Ix10 » | 6x1003 | 3x10°% | 2x107
Silver (47} ... . |Ag 10§ 5 6x10 7 1 3x10-3 | 2x10°% | 1x10+4
I Bx10 % [3x102 | 3x1077 | 1x10°*
Ag 110 m Y 2x10 7 9x10-* 7x10°° 3x10°°
I Ix{0Q*® 9x10 1 3Ix10 9| 3x107"
; Az 111 hY 3xi0 7 Ix 107 tx104 4x10 *
] 2x10 7t Ixi0 Y | Bx10 7 4x10
Sodium (11) Mt 22 5 2x10 7 Ix10 ' | 6x10-7 | 4x10 5
1 Ox10 7 1 ox10 4 | 3x107'° | 3x107°
- Na 24 S Ix10 7 [exlo? [ 4x108 | 2x10+
I IxI( 7 By} 5x107 3x10°
. Strontium (38) Sr 89 m S Ax10 " P 2x10 Y | 1x10°% | 7x10°9
) I Ixt0 2x10 Ix10-" 7x10°
Sr 8S 5 2x10 0 P3xI0Y | 8x107 | Ix10 ¢
I Ixl) Sxio ! 4x10 7 2x10 4
Sr KO s Ikt 1 3x10 x10-'° | 3x10-%
1 4x10"° Hx 0 1x10-? 3Ix10°°
Sr 920 ) Ix10° | Ixi0O™ | 3xt0r ' | 3x10 7
1 Sx10°? 1x10 3 2x10°'% | 4x10-3
Sr 91 s 4x10-" 1 2x10-* | 2x107® | 7x105
¥ 3x10 7 ) 1x10- * | 9x10-7 | 5x10°%
Sr 92 8 4x10°7 1 2x107% | 2x10-% | 7x10°%
1 3Ix107 1 2x10 ¢ | 1x10°% | 6x10-°
Sulfur (16) ._._.____|S§ is 5 3x10°7 | 2x107% | 9x10-7 | 6x10-%
¥ 3x1077  Bx10°% | 9x10? | 3x10*
Tantalum (73).. . Ta 182 S 4x10°% [ Ix10°% | 1x10-% | 4x107°
1 2x107% | Ix10 3 | 7x10°'° ¢ 4x10 °
Technetivm (43) . {Tc 96 ™ S 8x10 75 | 4x10°7 | 3x10°¢ | 1x107?
1 3x10° | 3x10°' | 1x10°¢ | 1x10*
Te 96 5 6x1077 | 3x10-% | 2x10-* | 1x10*
I 2x1077 | 1x10 * | 8x10-% | 5x10°%
¢ 97 m S 2x107¢ | 1x1072 | 8x10°% | 4x10
I 2x10-7 | 5x107* | 5x10-% | 2x10 ¢
Te 97 S 1x10 % | 5x1072 | 4x10°7 | 2x10°?
I Ix107 | 2x102 | 1x10-* | 8x10-¢
Te 99 m S 4x10 7% | 2x107) | 1x10-° | 6x1072
1 1x10-2 | Bx10 2 | 5x107 | 3x10°?
. Tc 99 S 2x10 % [ 1x10°* | 7x10°® | 3x10°*
1 6x10° 5x10°7 2x10 7 2x10°
Tellurium (52) Te 125 m s Ax107 P Sx100% | 1x108 | 2x10 4
1 Ix10 7 Axto 2 4x10-" 1x10-4
Te 127 m s 1x10 7 | 2x10 7 | 5x10 7 | 6x10°°
1 4x10 2x10+ 1x10° 5x10 *
Te 127 S 2x107¢ [ 8x10 7 | 6x10°% | 3x10°*
I 9x10 7 | 5x10-* | 3x10® | 2x10 *

. See feotnotes at end of table
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ABOVE NATURAL BACKGROUND

APPENDIX A
CONCENTRATIONS IN AIR AND WATER

(See notes at end of appendix)

Table 11

Tahle §
Element (atomic number) Isotope? Calumn 1} Column 2 Column 3 | Column 2
Air Waler ir Water
(uc/ml) {uc/ml) (ue/ml) | Cue/ml)
I'e 129 m S gx10® 1 1x102 | 3x1077 | 3x10°°
1 Ix10°® 6x10 * 1x10 ? 2x10°%
Te 129 A Sx10 7 | 22107 | 2x10 7 | #x10™*
1 4x10 ¢ | 2x107 | 1x107 | 8x10 ¢
Te 131 m S 4x10 7 | 2x10 ' 1x10% | 6x10°*
I 2x10-7 Ix10 6x10 7 4x10 ¢
Te 132 S 2x10 7 i 4 7x10°? 3x10 "
| 1x10 7 [ 6xl0 4 | 4x107 | 2x10~
‘Terbium (65) Th 160 N 1x10 7 | 1x10°* | 3x10°% | 42107
1 3108 | Ix10® | Ix10°7 | 4x10°°
‘Thallium (81)... ... {TI 200 S 3x10 ¢ | 1x102 | 9x10°° | 4x10™*
I 1x10-¢ | 7x107* | 4x10°% | 2x10 *
T 201 5 2x10°¢ | 9x107* | 7x107® | 3x107*
1 9x107 |5x10-* | 3x10-® | 2x10™*
T 202 S 8x10-7 | 4x10-* | 3x10-% | 1x107*
1 2x10-7 | 2x10°% | 8x1077 | 7x10-3
T 204 S 6x10°7 | 3x10-2 | 2x10-® | 1x10™*
1 3x10-% | 2x10-7 | 9x10-'° | 6x10~°
Thorium (90) Ih 228 S 9x10°7? | 2x10°* | 3x10-12 | 7x10-°
I 6x10712 | 4x10°4 | 2x107'? | 1x10-2
Th 230 S 2x10 '? | 5x10-* | 8x10-'* | 2x10-°
1 1x10 ' | 9x10-4 | 3x10-'? | 3x10-°
Th 232 S Ix10 ' 1 5x10°% | 1x107'? | 2x10 ¢
I 3x10° | 1x107? Ix10'2 | 4x10°*
Th natuaral S 31077 | 3x10°% | 1x107'2 4 1x10 *
1 Ix101 | 3x10 4 1x10 ' | 1x10 *
Th 234 5 6x10 ¢ Sx10 4 2x10 7 2x10 "
1 Ixlo? 5x10 1 1x10 ? 2x10°*°
Thulium (69) Tm 170 S 4xt0-° 1x10° 1x10-? | §x10°
I Ix10 8 | 1x107 | 1x10 7 | 5x10 ®
Tm 171 S 1x10°7 1x102 4x10°7 5x10°*
1 2x10~7 | 1x10-2 | 8x10° | 5x10-*
Tin (50). oo s Sn 113 S 4x10°7 | 2x10°® | 1x10 % | 9x10°3
T $x10-¢ {2x10-® | 2x10-% | 8x10~°
Sn 125 S 1x10°7 | 5x10-* | 4x1077 | 2x10°F
I 8x10% | 5x10 % | 3x10°7 | 2x107*
Tungsten (Wolfram)
(g7 [ 181 s 2x107% | 1x10 2 | 8x10°® | 4x107*
1 1x1077 | 1x1072 | 4x10°° | 3x10-*
W 185 S 8x10~7 | 4x10* | 3x10-® | 1x10-*
1 1x10-7 | 3x107® | 4x10° | ix10~*
w 187 3 4x1077 {2x107 | 2x10°® | 7x107%
1 3x10-7 | 2x107* | 1x10% | 6x10°%
Uranium (92).__.__... U 230 S 3x107'° | 1x10* | 1x10°"' | 5x10-*
1 1x10-'° | 1x10-% | 4x107'2 | 5x10*
u 232 S 1x10-10 | 8x10~* | 3x10-'? | 3x10°%
1 3x10-" | 8x10-* | 9x107'? | 3x10-°
U 233 s 5%x10-'° | 9x10-4 | 2x10-"' | 3x10-2
1 1x10°1° | 9x10°4 | 4x10+12 | 3x10°3
U 234 s 6x10-7° | 9x10-4 | 2x10°" | 3x10°%
I 1x10-'° | 9x10-% | 4x10°'? | 3x10 °®
U 235 S Sx107'° | &x10-4 | 2x107"' | 3x10*
I 1x107'° | 8x10-* | 4x10-'? | 3x10-°
U 236 5 6x10-'° | 1x10-3 | 2x107"' | 3x10-°
I 1x10-'° | 1x1073 | 4x107'2 | 3x10°5
J 238 S 7x10°"" | 1x10-2 | 3x107'2 | 4x10-°
1 1x10-1° | 1x10-* | 5x10-'* | 4x10~*
U 240 S 2x10~7 | 1x10~® | 8x1077 | 3x107%
I 2x107 | 1x10™® | 6x10-° | 3x107%

See footnotes at end of table
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APPENDIX A

CONCENTRATIONS IN AIR AND WATER

ABOVE NATURAL BACKGROUND

tlement (atomic nuniher)

Vanadium (23)

Xenon (54)

Yiterbiom (70)

Yurium (39)

Zine (30)

Zirconium (40)

Any single radiomi-
clide not listed
above with decay
mode other than
alpha emission or
spontaneous fission
and with radioac-
tive half-life less
than 2 hours

Any single radionu-
clide not listed
above with decay
mode other than
alpha emission or
spontaneous fission
and with radioac-
tive half-life greater
than 2 hours

Any single radionu-
clide not listed
above, which decays
by alpha emission or
spontancous fission.

(See notes at end of appendix)

Yb

7n
/n

/n

Tahte ¢

Column 1 volumn 2

isotape? _—_
Air
(uc/mb)
Cnatural S Tx10!
H oxto
48 5 2x10 7
I 6100
I3 Sub 2x10 "
113 Sub [x10 "
133 Sub 1x10
135 Sub Ao
175 S 7x10 7
I 6x10°7
90 S Ix1077
1 Ix10+7
91 m S 2x10 °
] 2x10-
91 S 4x10-¢
1 3107
R S 4x 1007
i Ixio -~
93 S 25107
I Ix10-7
65 S Ix10-7
1 6Hx i) ®
69 m 5 4xt0 7
1 3xI0 7
64 S 75107
1 axiQ
3 S Ix10 7
| xto
9% - Ix10 7/
1 I8
97 S Ixl)
{ 9x10 ®
Sub Ix10 ¢
Ix10 ?
6x10 ¢

Table 1

.Column 1
Air
{uc/ml)

3xin 12
2x10 7

6x10
2x10 7

4x10 7
10 7
Ix10 7
1x10 7/
2x10-8
2x10 8
4x107°°
3x10-
8x10-7
6x10-7
1x107
1x10°?
1x10¢
1x10 @
6x10°7
5x10°7
4x1077
2x%10°7
1x10°°
1x10 8
2x10 7
It 7
4x10 7
1x10°
4x10 7
Ix10 7
4x10 7
3x10 ¢

ix1o0 ®

1x10-*°

P ax10-14

See footnotes at end of table
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1 Soluble (8); Insoluble (1).
2 wgub™ means that values given are for submersion in a semi-spherical infinite cloud
of airborne material.

NOTE: In any case where there is a mixture in air or water of more than one
radjonuclide, the Jimiting values for purposes of this Appendix should be determined
as follows:

1. If the identity and concentration of each radionuclide in the mixture are
known, the limiting valucs should be derived as follows: Determine, for each radio-
nuclide in the mixture, the ratio between the guantity present in the mixture and
the limit otherwise cstablished in Appendix “A” for the specific radionuclide when
aot in a mixture. The sum of such ratios for all the radionuclides in the mixture
may not exceed “17 (ie, “unity”).

EXAMPLE: If radionuclides a, b, and ¢ arc present in concentrations C,, Cy, and C.,
and if the applicable MPC's are MPC,, and MPCh. and MPC. respectively, then
the concentrations shall be Limited so that the following relationship exists:
. Ch (@
N
MPC. MPCL MPC,

2. If either the identity or the concentration of any radionuclide in the mixlure
is not known, the limiting values for purposes of Appendix “A’ shall be:

a. For purposes of Table I, Col. 1 . ... 6x10°13
b. For purposes of Table I, Col. 2 _. C. .. 4x1077
c. For purposes of Table II, Col. 1 ... . v 2x107'4
d. For purposes of Table 11, Col. 2 e e 3x10°C

3. If any of the conditions specified below are met, the corresponding values
specified below may be used in licu of those specified in paragraph 2 above.

a. ¥ the identity of each radionuclide in the mixture is known but the
concentration of one or more of the radionuclides in the mixture is not known, the
concentration limit for the mixture is the limit specified in Appendix “A” for the
radionuclide in the mixture having the lowest concentration limit; or,

b. 1f the identity of each radionuclide in the mixture is not known, but
it is known that certain radionuclides specified in Appendix “A’ are not present in
the mixture, the concentration limit for the mixture is the lowest concentration
limit specified in Appendix “A” for any radionuclide which is not known 1o be
absent from the mixture; or,

Table | Table 11
c. Flement (atomic Column 1 [Column 2 | Column 1| Column 2
number, and isotope Air Water Air Water

(uc/m1) | (ue/ml) (uc/ml) | (ue/mi)

If it is known that Sr 90, 1 125, 1
126, 1 129, 1 131, (I 133, Table
1I only), Pb 210, Po 210, at 211,
Ra 223, Ra 224, Ra 226, Ac 227,
Ra 228, Th 230, Pa 231, Th 232,
Th-nat, Cm 248, Cf 254, and Fm
256 are not present ... . 9x10-% | .- 3x10°¢

If it is known that Sr 90, T 125, 1
126, T 129, (1 131, T 133, Table
II only), Pb 210, Po 210, Ra 223,
Ra 226, Ra 228, Pa 231, Th-nat,
Cm 248, Cf 254, and Fm 256 are
not present ... .. - — 6x107% | . 2x10°¢

If it is known that Sr 90, I 129, (
125, 1 126, I 131, Table II only),
Pb 210, Ra 226, Ra 228, Cm 248,
and Cf 254 are not present ... .. 2x107% [ . . 6x1077

If it iz known that (I 129, Table Il
only), Ra 226, and Ra 228 are not
present _. e e o 3x10° - 1x10 7

If it is known that alpha-emitters and
Sr 90, T 129, Pb 210, Ac 227, Ra
228, Pa 230, Pu 241, and Bk 249
are not present Ix10 7 Ix10 '©

If it is known that alpha-cmitters and
Ph 210, Ac 227, Ra 228, and Pu
241 are not present . e 3x107'° L Ix107' ) .
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Tahle 1§

Llement (“lm_mc t;lumn 1 [Column 2 Column 1 | Column 2
number and isotope Air Water Air Water

(uc/ml) (uc/ml) (uc/ml) | Cuc/ml)

If it is known that alpha-emitters and
Ac 227 are not present Ix10-1 | 1x10'2 |

If it is known that Ac 227, Th 230,
Pa 231, Pu 238, Pu 239, P 240,
Pu 242, Pu 244, Cm 248, Cf 249,
and Cf 251 are not present

3x10-'? 1x10-1?

4. If the mixture of radionuclides consists of wranium and its daughter pro-
ducts in ore dust prior to chemical processing of the waninm ore, the values speci-
ficd below may be used in lico of those detcrmined in accordance with paragraph
I above or those specified in paragraphs 2 and 3 above,

a. For purposes of Table I, Column 1, 1x10 ' ue/ml pross alpha activity;
or 25x10 " ue/ml natural uranium; or 75 micrograns per cubic meter of air
natural uranmm.

b, For purposes of Table II, Column 1, 3x10-'2 uc/ml gross alpha activity;
or 8x10 7 ue/ml natural uranivm; or 3 micrograms per cubic meter of ajr natural
uranium,

) 5. For purposes of this note, a radionuclide may he considered as not present
in a mixture if (a) the ratio of the concentration of that radionuclide in the mixture
(C.) to the concentration limit for that radionuclide specificd in Table 1l of

C. 1
Appendix “A” (MPC.) does not oxceed 1/10, (i.e., ——— = ——) and (b) the
MPC, 10

suny of such ratios for all radionuclides considered as not present in the mixture docs

not cxeeed Vi, (e, —— o —— L L. == 14).

MPC, MPC, -
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PART 9.0

APPENDIX B

Material Microcuries
Amerieium—241 (Am) 0.01
Ant imony—-122 (5h) 100
Antimony-124 (Sh) 10
Ant imony=-125 (Sb) 10
Arsenic=73 (As) 100
Arsenic~74 (As) 10
Arsenic=76 (As) 10
Arsenic—77 (As) 100
Bariun-131 (Ba) 10
Barium—133 (Ba) 10
Barium—140 (Ba) 10
Rismuth-210 (Bi) 1
Bromine-82 (Br) 10
cadmium-109 (Cd) 10
Cadmium=115m (Cd) 10
Cadmium-115 (Cd) 100
Caleium—45 (Ca) 10
Caleium=47 (Ca) 10
Carbon=14 (C) 100
Corium—141 (Ce) 100
Corium=—1473 (Ce) 100
Corvium=144 (Ce) 1
Cosium—131 (C8) 1,000
Ces tum=134m (Cs) 100
Cesium—134 (Cs) 1
Cesium—135 (Cs) 10
Cesium-136 (Cs) 10
Cesium-137 (Cs) 10
Chlorine-36 (Cl) 10
Chlorine—38 (C1) 10
Chromium-51 (Cr) 1,000
Cobalt—58m (Co) 10
Cobalt 58 (Co) 10
Cobalt—-60 (Co) 1
Copper—64 (Cu) 100
Dysprosium—-165 (Dy) 10
Dysprosium-166 (Dy) 100
Erbium-169 (Er) 100
Erbium-171 (Er) 100
Furopium-152 (9.2 h) (Eu) 100
Europium—152 (13 yr) (Eu) 1
Luropium—154 (Eu) 1
Furopium-155 (Eu) 10
Fluorine-18 (F) ‘ 1,000
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APPENDIX B (CONT'D.)

Material Microcuries
Gadolinium=157 (Gd) 10
Gadoliniu—159 (Gd) 100
Calliam- /72 (Ga) 10
Gormanium=-71 (Ge) 100
Gold-198 (Au) 100
Gold=199 (Au) 100
Hafnium—~181 (HE) 10
Holmium—166 (Ho) 100
Hydrogen—3 (h) 1,000
Indium-113m (In) 100
Indium—114m (Tn) 10
Tndium-115m (Tn) 100
Indium-115 (In) 10
Todine-=125 (1) 1
Iodine-126 (I) 1
Todine-129 (I) 0.1
Todine-131 (1) 1.
lodine-132 (1) 10
Todine-133 (1) 1
Todine-134 (1) 10
Todine=-135 (1) 10
Tridium-192 (Ir) 10
Iridiam=194 (1r) 100
lron-%% (IFe) 100
Iron-59 (Fe) 10
Krypton-85 (Kr) 100
Krypton-87 (Kr) 10
Lanthanum-140 (La) 10
Lutetium—177 (Lu) 100
Manganese-52 (Mn) 10
Manganese-54 (Mn) 10
Manganese—-56 (Mn) 10
Mercury-197m (Hg) 100
Mercury-197 (Hg) 100
Mercury-203 (Hg) 10
Molybdenum-99 (Mo) 100
Neodymium-147 (Nd) 100
Neodymium-149 (Nd) 100
Nickel-59 (Ni) 100
Nickel-63 (Ni) 10
Nickel-65 (Ni) 100
Niobium-93m (Nb) 10
Niobium-95 (Nb) 10
Niobium-97 (Nb) 10
Osmium—185 (0s) 10
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APPENDIX B (CONT'D.)

Material Microcuries
Osmium—191m (0s) 100
Osmium—191 (0s) 100
Osmium=1973 (0s) 100
Pal tadiam=1073 (Pd) 100
Palladium=109 (Pd) 100
Phosphorus—32 (P) 10
Platinum—191 (Pt) 100
Platinum-193m (Pt) 100
Platinum-193 (Pt) 100
Platinum=197m (Pt) 100
Platinum-197 (Pt) 100
Plutonium-239 (Pu) 0.01
Polonium-210 (Po) 0.1
Potassium~42 (XK) 10
Praseodymium-142 (Pr) 100
Praseodymium-143 (Pr) 100
Promethium—147 (Pm) 10
Promethium-149 (Pm) 10
Radium-226 (Ra) 0.01
Rhenium—186 (Re) 100
Rhenium—188 (Re) 100
Rhodium—103m (Rh) 100
Rhodium=105 (Rh) 100
Rubidium—86 (Rb) 10
Rubidium=87 (Rb) 10
Ruthenium=97 (Ru) 100
Ruthenium-103 (Ru) 10
Ruthenium-105 (Ru) 10
Ruthenium-106 (Ru) 1
Samarium—-151 (Sm) 10
Samarium-153 (Sm) 100
Scandium-46 (Sc) 10
Scandium-47 (Sc) 100
Scandium-48 (Sc) 10
Selenium-75 (Se) 1.0
Silicon-31 (Si) 100
Silver-105 (Ag) 10
Silver-110m (Ag) 1
Silver-111 (Ag) 100
Sodium-24 (Na) 10
Strontium—85 (Sr) 10
Strontium—89 (Sr) 1
Strontium-90 (Sr) 0.1
Strontium—-91 (Sr) 10
Strontium~92 (Sr) 10
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APPENDIX B (CONT'D.)

Material Microcuries
Sulphur-135 (8) 100
Tantalam=182 (Ta) 10
Techonetium=96  (1¢) 10
Technetium=97m (T¢) 100
Techmetiom-97 (T¢) 100
Technet itum=99m (Tc) 100
Technetium=99 (Te) 10
Tetlurium=125m (Te) 10
Tellurium=127m (Te) 10
Tellurium—127 (Te) 100
Tellurium-129m (Te) 10
Tellurium—129 (Te) 100
Tellurium-131m (Te) 10
Tellurium-132 (Te) 10
Terbium—160 (Tb) 10
Thallium~-200 (T1) 100
Thallium=-201 (T1) 100
Thalliom-202 (T1) 100
Thallium-204 (T1) 10
Thorium (natural) (Th)l 100
Thulium-170 (Tm) 10
Thulium~-171 (Tm) 10
Tin-113 (Sn) 10
Tin-125 (8n) 10
Tungsten—181 (W) 10
Tungston—185 (W) 10
Tungstan—-187 (W) 100
Uranium (natural) (U)2 100
Uranium-233 (U) 0.01
Uranium-234 (U)

Uranium-235 (U) 0.01
Vanadium—-48 (V) 10
Xenon—-131m (Xe) 1,000
Xenon-133 (Xe) 100
Xenon-135 (Xe) 100
Ycterbium-175 (Yb) 100
Yttrium-90 (Y) 10
Yetrium—91 (Y) 10
Yttrium-92 (Y) 100
Yttrium-93 (Y) 100
Zinc—-65 (Zn) 10
Zine—69m (“n) 100
Zinc-69 (Zn) 1,000
Zirconium-93 (Zr) 10
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APPENDIX B (CONT'D.)

Material Microcuries
Yirconium=9% (7r) 10
Jirconium-97 (%) 10

Any albpha omitting,

Cadionuel ide not Tisl o

Above or mixtures of

alpha emitters of

unknown composition 0.01

Any radionuclide other

than alpha emitting

radionuclides, not

listed above ov

mixtures of beta

emittors of unknown

composiltion 0.1

NOTE: For purposes of 3.06, 3.09.3 and 3.09.4, where there is involved a
combination of isotopes in known amounts, the limit for the combination
ahould be derived as follows: Determine, for each isotope in the
combination, the ratio between the quantity prescnt in the combination
and the limit otherwise cstablished for the gpecific isotope when not in
combination. The sum ol such ratios for all the isotopes in the
combination may not exceed "1 (i.e., "unity"). Example: For purposes
of 3.09.4, if a particular batch contains 20,000 uCi of Au-198 and 50,000
uCi of C-14, it may also include not more than 300 uCi of I-13l. This
1imit was determined as follows:

20,000 uCi Au-198/100,000 uCi + 50,000 uCi Cc-14/100,000 uCi
+ 300 pCi I-131/1,000 uci = 1

The denominator in each of the above ratios was obtained by multiplying
the figure in the table by 1,000 as provided in 3.09.4.

lpased on alpha disintegration rate of Th-232, Th-230 and their
daughter products
25ased on alpha disintegration rate of U-~238, U-234, and U-235.
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PART 9.0

APPENDIX ¢

Column I Column II

Not as a As a
Radioactive Material Sealed Source Sealed Source

(microcuries) (microcuries)
Antimony (sh 124y — R SN 1 10
Arsenic 76 (As 76) — e LO 1O
Arsenic 77 (As 77) —ecee 10 10
Barium 140—lanthanum L40 (Babta 140) -—- 1 10
Beryllium (Be 1) 50 50
Cadmium 109—58ilver 109 (CdAg 109) —meev 10 10
Calcium 45 (Ca 45) —meeee _~_ " 10 10
Carbon 14 (¢ 14) e _ 50 50
Cerium l44—Praseodymium (CePr 144) ———_ 1 10
Cesium—Barium 137 (CsBa 137) —— e _ 1 10
Chlorine 36 (Cl 36) = mem 1 10
Chromium 51 (Cr R 50 50
Cobalt 60 (Co 60) ——eoeee 1 10
Copper 64 (Cu 64) memeeeo 50 50
Europium 154 (Eu L54) —— o 1 10
Fluorine 18 (F 18y e 50 50
Gallium 72 (Gy 72) e 10 10
Germandium 71 (Ge 1) meme e 50 50
Gold 198 (Au 198) oo 10 10
Cold 199 (Au 199) ~ee 10 10
Hydropen 3 (Tritium) (H 3) —mmme__ 250 250
Indiam 14 (In LAY e 1 10
Yodine 131 (L 131) e 10 10
Iridiom 192 (1r 192) oo 10 10
Iron 55 (Fe 55) =——om 50 50
Iron 59 (Fe 59) - __ e it — 1 10
Lanthanum 140 (La 140) = 10 10
Manganese 52 (Mn 52) e __ 1 10
Manganese 56 (Mn 56) L 50 50
Molybdenum 99 (Mo 99) ~emeee . ______ 10 10
Nickel 59 (Ni 59) 1 10
Nickel 63 (Ni R 1 10
Niobium 95 (Nb 95) m— 10 10
Palladium 109 (Pd 109) = 10 10
Palladium 103-—Rhodium 103 (PdRh 103) -- 50 50
Phosphorus 32 (P 32) e _ 10 10
Polonium 210 (vro 210) ——m e 0.1 1
Polassium 42 (K ) B 10 10
Praseodymium 143 (Pr 143) ——e 10 10
Promethium 147 (Pm 147) = _ 10 10
Rhenium 186 (Re 186) =——e . ————— e 10 10
Radium 226 (Ra 226) —e Bt U P 0.1 1
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APPENDIX C

Column I Cotumn I1

Not as a As a
Radioactive Material Sealed Source Sealed Source

(microcuries) (microcuries)
Rhodiunm 105 (Rh 105) —=—m——m T T 10 10
Rub idium 806 (R 86) ~—=—=—"—"" "7 10 1.0
Ruthenium L06~—Rhodium 106 (RuRh 106)-—- 1 10
Gamarium 153 (Sm 153) ————=m=—m T TTT 10 10
geandium 46 (5S¢ 46) —m—mmmm T T 1 10
silver 105 (Ag 105) ———==—-—="777777TT 1 10
gilver 111 (Ag 111) ~-————mmm T TTTTT T 10 10
Sodium 22 (Na 22) —==—====""7777T7TTTT 10 10
Sodium 24 (Na 24) —m—mm——mm T T T 10 10
gtrontium 89 (st 89) ——-————-=TTTTTTTTTTT 1 10
gtrontium 90—Yttrium 90 (SrY) —-——————" 0.1 1
Gulfur 35 (8 35) ———————==""TTTTTTTTTTTT 50 50
Tantalum 182 (Ta 182) ——————=""""7"77777 10 10
Technet ium 96 (Te 96) ———————"—TTTTTTTTT 1 10
rechnetium 99 (Tc 99) ——————emmTTTTTTTTT 1 10
Tellurium 127 (Te 127) =—=——mmmm T 10 10
Tellurium 129 (Te 129) —=——————""77"77777 1 10
Thallium 204 (T1 204) —==—=——"—"""777T77 50 50
Tin 113 (8n 113) —=—mmmmme T T 10 10
Tungsten 185 (W 185) —=—————="—"TTTTTTTT 10 10
Vanadiam 48 (V 48) ———=—=—m"TTTTTTTTTTT 1 10
viLrium 90 (Y 9()) ——me—— ST 1 10
yeeriam 91 (Y 91) ———mmm T 1 10
Zine 6% (7Zn 65) ———mmm T T T T 10 10
Beta and/or Gamma emitting
radioactive material not
listed above ————=—====TTTTTTTTTTTTTTTOE 1 10
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PART 9.0
APPENDIX D
EXPOSURE FORM INFORMATION

Form RH-14 Occupational External Radiation Exposure History and Instructions

Form RH-1%  Current Occupational Cxternal Radiation Exposure and Instruclions
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Kb~ 14 Wi T VIRGIN GA DEPARTMENT OF HEALTH

OCCLUP A LLONAY, EXVEKNAL RADIATTON EXPOSURE HLSTORY

See Instzucrions on following page

IDENTIFICATTON

2.

SOCIAL SECURITY

17T WaME (Print-Last, First and Middle)

NO

'3”*"HKTE_6F”BIRTn'(M}ﬁfHT"DS}f“?éJ{{

N T QUCUPALLONAL —PREVIOUS HIST -
it T T PREVIOUS DOSE HISTORY
5 PREVIOUS EMPLOYMENTS INVOLVING | o. DATES OF 2. PERIODS OF | 8. WHOLE BODY | 9. RECORD OR
RADIATION EXPOSURE--LI31 NAME EMPLOYMENT EXPOSURE (REM) CALCULATE
___AND ADDRES3 OF EMPLOTER | iFrom-to) __| AINSERT ONE,
10 REMARKS ~ 7" ACCUMOUATED OCCUPATLONAL - T
DOSE-~TOTAL

T3 CALCULATIONS-PERMIS3IBLE DOSE ) 15 CERTIFICATION: I CERILFY THAT THE
- FXPOSURE HISTORY LISTED IN COLUMNS 5,
WHOLE BODY: 6, AND 7 1S CORRECT AND COMPLETE TO
(A) PERMISS1BLE ACCUMULATED DOSE - THE BEST OF MY KNOWLEDGE AND BELIEE:
5(N-18) = - REM
(B) TOTAL EXPOSURE TO DATE {FROM
ITEM 11) & .. REM B
_ _ EMPLOYEE'S SICNATURE DATE
(C) UNUSED PART OF = __ ____ . __ REM
PERMISS1BLE
ACCUMULATED
DOSE (A-B)
14. NAME OF LICENSEE -
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INSTRUCTLONS FOR PREPARATLON OF FORM RH-14

. This form or a clear and legible record containing all the information required
on this form must be prepared by each liecemsee or registrant of the West Virginia
Department of Health who, pursuant to Seerion 3.02.1 and 3.02.2, proposes to expose
an individual to a radiation dose in excess of the amounts specified in Seetion-

g 02.1 of the cepulations in Pace 3.0 "Radiation Protecstion Standards". The reqaire—
1t for complecion o this form is contaloed in-Seceion 3.02.3 o that repulation
e informats o contalned in this foim us used for esti mating the external
accumulated oo capatienal dose of the individasl fer whom the form is completed. A
separate Form RU-14 shall be compleced tor each individual to be exposed to a4
radlation dose 1n excess of the limics specified in Section 3.02.1 of Parc 3.0 of the
West Virginia Department of lealth repulations.,

. Listed beiow by 1tem are instructions and additional information di rectly
pertiment to wompleting this form:

ldentification:

Item 1. Self-explanatory

ITtem 2. Self-explanatory except that, if individual has no social security
number, the word "none" shall be inserred.

Item 3. seli-explanatory

[rem 4. Fover the age in full years. This is called '"N" when used in
talculating the Permissible Dose. N is equal to the number of
years of age of the individual on his last birthday.

.;cupat ional [Ixposure

ftem 5. last the name and address of each previous employer aml the address
of employment start with the most recent employer and work back

Include only those periods of employment since the eighteenth
brrthday involving occupational exposure to radiation. For periods
of self-employment, insert the word "self-employed".
Item 6. CGive the dates of employment.
ITtem 7. List pericds during which occupational exposure to radiation occurred.
Item 8. List the dose recorded for each period of exposure from records of
previous occupational exposure of the individual as calculated
under Seetion 3.02.3. Dose is to be given in rem.

. "Dose to the whole body" shall be deemed to include any dose to the
whole body, gonads, active blood-forming organs, head and t:unk,
or lens of eye. .
Item 9. After each entry in Item 8 indicate in Item 9 whether dose is
obtained from records or calculated in accordance with Seettion-

. 3.02,3.
Ttem 10. Self-explanatory,
Total Accumulated Occupational Dose (Whole Body)

Item 11. The total for the whole body is obtained by summation of all values
in Item 8.
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Certill.atton

Item 12

Cal uiations

lrem 13

Item l&4.

INSTRUCTIONS FOR PREPARATION OF FORM RH-14
(continuaed)

Upon complecion of the report, the emplovee must certily tha. the
informaticn in Columns 5, 6, and 7 is accurate and complere
the best of his knowiedze. The dare is the dazte of his aignartsi=

he liferime accumulared occupational dose for each indisidius) end
the permissible dose under Seetton 3 02 2 are obtalned by tarcyiny
out the following steps: The value for N should be taken 1rom
lren Gubtract 18 {rom N and mulciply the difterence by % rem
(f'yr exumple, John Smith, age 323 N=32, PAD=5(32-18)=70 cem. )
fnier total exposure ts date from Item 11. Subtract (b) Lfrem {ay
snd enter the difference under {¢). The Jalue in (¢) represencs
the unused part of the permissible accumulated dose. This value
tor permissible dose is to be saicried forward to Form RH-15,
"Current Occupational External Radiation Exposure (Whole Bodyo'.
Self-explanatory.

~102~




. RH-15

.
/.

CURRENT OCCUPAT LONAI EXTERNAL RADIATION EXPOSURE

See Instructions

IDENTIFICATION

on following page

1. NAME (llint—laHL

3. DATE

OF

BIRTH

(Month,

flrsL and mlddle)

day, year)

2. SOCTAL SECURTTY NO.

4. NAME OF LICENSEE/REGISTRANT

OchPALJUNAL LXPO%URL

ded for ()pCLlfy 6. Whole Body Dose

5. Do se Recor
. Whole body; skin of whole
body; or hands and fore-
arms, feet and ankles.)

Status (rem)

7. Method of Monltorlnp (e g.

Film Badge-FB; Pocket Chamber—
PC; Calculations-Calc.)

X or Gamma Beta

Neutrons __

8. Period ol pro%ure
(From-to)

DOSE FOR THE PERIOD (rem)

13. Running total for
Calendar Quarter (rem)

§. X or Gamma

10. Beta

11. Neutron

12. Total

LIFETIME ACCUMULATED DOSE
14. Previous 15. Total 16. Total Accumu- [17. Perm. Acc. 18. Unused Part
Total (rem) Quarterly lated Dose Dose 5 (N-18) of Permissi-
Dose (rem) (rem) ble Accumu-
lated Dose
Date Rem

(ren)

-103-




INSTRUCTLONS FOR PREPARATION OF FORM RH-15

The preparation and safekeeping of this form or a clear and legible record con-
reining all the intormation required on this form is required pursuant to Sectron 3.12
of "Radiation Protection Standards,’ as a current record of occupational external
radiation exposures Such a record must be maintained for each individual for whom
personnel monitoring 1is required under Seetiom 3.05. Note that a separate Form RH-15
is to be used ior recording external exposure to (1) the whole body; (2) skin ot whole
body; (3) hands and rorearms; or (4) feet and ankles, as provided by Item 5 below.

Listed below by ltem are instructlons and additional infermation directly pertinent
to completang this Jorm:

fdentitication

Sell-explanatory.

Se¢ll—explanatory except that, if individual has no social security
number, the word '"none" shall be inserted.

Selr—explanatory.

Self-explanatory.

"Dhose to the whole body' shall be deemed to include any dose to the whole
pody, pgonads, active blood-forming organs, head and trunk, or lens of

vye Unless the lenses of the eyes are protected with eye shields, dose
recorded as whole body dose should include the dose delivered through a
t1ssue equivalent absorber having a thickness of 300 mg/cm2 or less.

When the lenses of the eyes are protected with eye shields having a
tissue equivalent thickness of at least 700 mg/cmz, dose recorded as
whole body dose should include the dose delivered through a tissue equiv-
alent absorber having a thickness of 1,000 mg/Cm2 or less.

Dose recorded as dose to the skin of the whole body, hands and forearms,
or teel and ankles should include the dose delivered through a tissue
equlvalent absorber having a thickness of 7 mg/cm2 or less. The dose to
the skin of the whole body, hands and forearms, or feet and ankles should
be recorded on separate forms unless the dose to those parts of the body
has been included as dose to the whole body on a form maintained for
recording whole body exposure.

This item need be completed only when the sheet is used to record whole
body exposures and the licensee or registrant is exposing the individual
under the provisions of Seetien 3.02.2 which allows up to 3 rems per
quarter to the whole body. Enter in this item the unused part of per-
missible accumulated dose taken from previous records of exposure, i.e.,
Item 18 of the preceding Form RH-15 or Item 13 of Form RH-14 if the
individual's exposure during employment with the licensee or registrant
begins with this record.

Indicate the method used for monitoring the individual's exposure to
each type of radiation to which he is exposed in the course of his
duties. Abbreviations may be used.

ITvem L.
ltem 2
[tem 3.
Item &.
Occupational Exposure
Item 5.
Item 6.
Item 7.
Ttem 8.

Doses received over a period of less than a calendar quarter need not be
separately entered on the form provided that the licensee or registrant
maintains a current record of the doses received by the individual which
have not as yet been entered on the form. The period of exposure should
specity the day the measurement of that exposure was initiated and the
day on which it was terminated. For example, if only quarterly doses
are entered, the period of exposure for the first calendar quarter of
1962 might be taken as running from Monday, January 1, 1962, through
Friday, March 30, 1962, and would be indicated in this item as

~104-
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Items 9,
10 and

11.

Item

Item

12.

13.

INSTRUCLTIONS FOR PREPARATION OF FORM RH-15
(Continued)

dun 1, 1962-Mar 30, 1962. 1f weekly doses are entered, a film badge
issued Monday morning, January 1, 1962, and picked up Friday, Jaonuary 5,
1962, would be indicated as Jan 1, 1962-Jan 5, 1962.

Seli-explanatory The values are to be piven in rem. All measurements
are o be interpreted in the best method known and in accordance with

Baction 1-04(32). Wherce calculations are made to determine dose, a copy
ol such caleelations 15 o be malntainaed in conjunction with this
record In any case where the dose for a calendar quarter 1s less than
10% o1 the value specifled in Seetdon 3.02.1, the phrase "less than
LOZY may be enteread 1n lieu of a numertcal value.

Add the values under lTtems 9, 10 and 11 for each period ol exposure and
reword che total In caleulaving the "Toral” any entry "less than 107"

may be disregarded.

The running total is to be maintained on the basis of calendar guarters.
tection 1 04(5) defines calendar quarter  No entry need be made in

this item 1f only calendar quarter radiracion doses are recorded in

ftems 9, 10, 11 and 12.

Lifetime Accumulared Dose (Wheole Body)

Note:

1f

the licensee or registrant chooses to keep the individual's exposure

below that permitied 1n Seet+on 3.02.1, Items 14 through 18 need not be completed.
However, in that case the total whole body dose for each calendar quarter recorded
in Item 13 (or in Jtem 12 1f quarterly doses are entered in Item 12) should not
exceed 1 1/4 rem.

If an individual is exposed under the provisions of Geetiem 3.02.2, complete
Items 14 through 18 art the end of each calendar quarter and when the sheet 1is
filled.

in ftem 18, must be brought forward to next sneet for each individual.

Item

Item

Item
Item

Item

14

15.

16
17.

18.

Values 1n Jeem 13, when in the middle of a calendar quarter, and values

Enver the previous toral accumulated dose from previous dose records

tot the individual (e.g., from Item 16 of Form RH-15 or Item 11 of

Form RH-14). The total occupational radiation dose received by the
individual must be entered in this item, including any occupational
dose received trom sources of radiation not licensed or registered by
the West Virginia Department of Health. If the individual was

exposed to sources of radiation not licensed or registered by the

West Virginia Department of Health during any calendar quarter after
completing Form RH-14 and personnel monitoring equipment was not worn
by the individual, it should be assumed that the individual received

a dose of 1 i/4 rems during each such calendar quarter.

Enter the total calendar quarter dose from Item 13 (or from Item 12

it quarterly doses are entered in Item 12) and the date designating the
end of the calendar quarter in which the dose was received (e.g.,

Macvch 30, 1962).

Add Ttem 14 and [tem 15 and enter that sum.

Obtain the Permissible Accumulated Dose (PPAD) in rem for the WHOLE BODY.
"N" is equal to the number of years of apge of the individual on his last
birchday. Subtract 18 from N and multiply the difference by 5 rem (e.g.,
John Smith, age 32; N=32, PAD=5(32-18)=70 rem).

Determine the unused part of the PAD by subtracting Item 16 from 17.

The unused part of the PAD is that portion of the Lifetime Accumulated
Dose tor the individual remaining at the end of the period covered by
this sheet.
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1.01

1.02

1.03

WEST VIRGINIA STATE BOARD OF HEALTH
CHAPTER 5, ARTICLE 3
RADIOLOGICAL HEALTH REGULATIONS
PART 1.0
GENERAL PROVISIONS

PURPOSE AND POLICY

1.01.1

1.01.2

1.01.3

1.01.4

"It is the policy of the West Virginia State Board of Health
in furtherance of its responsibility to protect the public
health and safety to institute and maintain a regulatory
program for sources of ionizing radiation. . ."

It is the purpose of these regulations to state the require-
ments that shall be applied to the use of sources of ionizing
radiation to reduce, to an acceptable level, the risk that
any person wiit is likely to be injured by such radiation.

These regulations are intended to be consistent with the hest
recognized beneficial uses of sources of ionizing radiation.

These regulations provide for the registration and applicable
safety requirements of all sources of ionizing radiation
including naturally occurring radiocactive materials, accel-
erator produced radicactive materials and radiation producing
equipment.

AUTHORITY

1.02.1

SCOPE

1.03.1

1.03.2

Pursuant to the authority conferred upon the State Board of
Health by Chapter 16, Article 1, Public Health Laws, Code of
West Virginia, the State Board of Health hereby promulgates
these Radiological Health Regulations as an amendment and
reenactment of Chapter 5, Article 3, of the Regulations of
the West Virginia State Board of Health.

Except as otherwise specifically provided, these regulations
apply to all persons in West Virginia who receive, possess,
use, transfer, own or acquire any source of ionizing radiation,
however, nothing in these regulations shall apply, except

the provision for registration, to dny person to the extent
such person is subject to regulation by the United States

AtomieEnergy-Gommiasion Nuclear Regulatory Commission.

For the purpose of these regulations, radiation machines and
radioactive materials used by, or in the possession of, an
employee within the scope of his duties shall be considered
to be in the possession of the employer.
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1.04

(1)

(2)
(3)

‘I. (4)

(5)

1.03.3 The provisions of Part 3.0-Radiation Protection Standards,
of these regulations shall not be interpreted as limiting
the intentional exposure of patients to radiation for the
purpose of diagnosis or therapy by doctors of the healing
arts, duly licensed by the State of West Virginia and
engaged in the lawful practice of their profession or
administered b er pyofessional persons acting under
the direct supervision o\ a licensed practitioner.

DEFINITIONS

As used in these regulations, these terms have the definitions set
forth below. Additional definitions used only in a certain part

will be found in that part.

Accelerator Produced Material means any material made radioactive by
exposing it in a particle accelerator.

Agency means the West Virginia Department of Health.

Airborne Radioactive Area means (i) any room, enclosure, or operating
area in which airborne radioactive material exists in concentrations
in excess of the amounts specified in Appendix A, Table I, Column 1;
or (ii) any room, enclosure, or operating area in which airborne
radiocactive material exists in concentrations which, averaged over
the number of hours in any week during which individuals are in the
area, exceed 25 percent of the amounts specified in Appendix A,

Table 1, Column 1.

Airborne Radioactive Material means any airborne radioactive material
dispersed in the air in the form of dusts, fumes, mists, vapors or
gases.

Byproduct Material means any radiocactive material (except special
nuclear material) yielded in or made radioactive by exposure to the
radiation incident to the process of producing or utilizing special
nuclear material.




(6)

(7)

(8)

Calendnr Quarter mecans not less than 12 consecutive weeks nor more
than 14 consecutive weeks. The first calendar quarter of each year
shall begin in January and subsequent calendar quarters shall be
so_arranged such that no day is included in more than one calendar
quarter and no day in any one year is omitted from inclusion within
a calendar quarter. No registrant shall change the method observed
by him of determining calendar quarters for the purpose of these
regulations except at the beginning of the calendar year.

: Liatd 1 13 ; . Lol c 1led hald ,
dneludeany-areas-usedfor-residential-quarters;although—a-separate

: i a tal-buildi 1 6 a
<ontrelled—area.

Curie means a unit of measurement of radioactivity. One curie (Ci)
is i . radioacrive material which decays at the rate,

of 3.7 X 10 disintegrations per second (dps). Commonly used
submultiples of the curie are the millicurie and the microcurie.

One millicurie (mCi) = 0.001 curie = 3.7 X 107 dps. One microcurie
(uCi) = 0.000001 cuyrie = 3.7 X 10% dps. For the purpose of these
repulations, one curie of matural uranium means the sum of 3.7 X 10]'0
dps from U-238 plus 3.7 X 1010 dps from U-234 plus 1.7 X 109 dps from
U-235; this is equivalent to 3,000 kilograms or 6.615 pounds of
natural uranium, One curie of natural thorium means the sum of

3.7 X 1010 dps from Th-232 plus 3.7 X 1010 dps from Th~228; this is
equivalent to 9,000 kilograms or 19,850 pounds of natural thorium.

Dose as used in these regulations shall mean absorbed dose or dose
equivalent as appropriate.

Absorbed Dose is the energy imparted to matter by ionizing
radiation per unit mass of irradiated material at the place of
interest. The specific unit of absorbed dose is the rad.

(See rad)

Dose Equivalent is a quantity that expresses on a common scale
for all radiation a measure of the postulated effect on a given
organ. Tt is defined as the absorbed dose in rads times certain
modifying factors. The unit of dose equivalent is the rem.

(See rem)




(9 Exposure means the quotient of the dQ by dm where "dQ" is the
absolute value of the total charge of the ions of ome sign pro- P
duced in air when all the electrons (negatrons and positrons) 2
liberated by photons in a volume element of air having mass "dm"

are completely stopped in air. (The special unit of exposure is
the roentgen {R}.)

(10) Exposure Rate means the exposure per unit of time, such as R/min.,
mR/hr., etc. ;

(11) Half Life means the amount of time required for the activity of a
specific radioactive material to reach one-half of its original
activity.

(12) llealing Arts means diagnostic and/or healing treatment of human

and animal maladies including but not limited to the following
which are duly licensed by the State of West Virginia for the
lawful practice of: medicine and its associated specialties,

dentistry, veterinary medicine, osteopathy, chiropractic, and
podiatry.

(13) High Radiation Area means any area, accessible to individuals in
which there exists radiation at such levels that the individual

could receive in any one hour a dose to the whole body in excess
of 100 millirems.

(14) Human Use means the internal or external administration of
radiation or radioactive materials to an—individual human beings.

(15) Individual means any human being.

(16) Inspection means an official examination or observation including but
not limited to, tests, surveys, and monitoring to determine compliance
with rules, regulations, orders, requirements and conditions of the

Agency.

an Installation means the location where one or more sources of ionizing
radiation are used, operated or stored.

(18) Monitoring means a periodie or continuous determination of the exposure
rate in an area (area monitoring) or the exposure received by a person
(personnel monitoring) or the measurement of contamination levels.

(19) Natural Radioactivity means radioactivity of naturally occurring
nuclides.
(20) Occupational Dose means exposure of an individual to radiation (a) in

a restricted area; or (b) in the course of employment in which the
individual's duties involve exposure to radiation, provided, that
occupational dose shall not be deemed to include any exposure of an
individual to radiation for the purpose of diagnosis or therapy of
such individual.
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(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

Particle Accelerator means any machine capable of accelerating
clectrons, protons, deuterons, or other charged particles in a
vacuum and of discharping the resultant particulate or other

radiation into a medium at energies usually in excess of 1 MeV.

Person means any individual, corporation, partnership, firm,
association, trust, estate, public or private institution,

group, agency, political subdivision of West Virginia, any

other State or political subdivision or agency thereof, and

any legal successor, representative, agent or agency of the
foregoing, other than the United Statces Atemietmerpy—-Commiggion
Nuclear Regulatory Commission, or any successor thereto, or
other federal government agencies.

Personnel Monitoring Equipment means devices (e.g., film badges,
pocket dosimeters, thermoluminescent dosimeters, pecket-chambers,
$filmringsy etc.) designed to be worn or carried by an individual

for the purpose of fmeasuring estimating the redintieon-exposure dose
received by the individual.

Rad means the special unit of absorbed dose. One rad equals one
hundredth of a joule per kilogram of material for example, if tissue
is the material of interest, 1 rad equals 100 ergs per gram of tissue.

Radiation means ionizing radiation, i.e., gamma rays and xrays,
alpha and beta particles, high speed electrons, neutrons, and other

nuclear particles. -4—but—not—sound-oxr-radio-waves—or—visibles;—infrared,
-or-ultra—vielet—ltight. (Same as ionizing radiation.)

Radiation Area means any area, accessible to individuals, in which
there exists radiation at such levels that a major portion of the
body could receive in any one hour a dose in excess of 5 millirems,
or in any 5 consecutive days a dose in excess of 100 millirems.

Radiation Preodueing Machines means any equipment device capable of

producing radiation when—the easseeiated controts—eare—epereted—but
exeluding except those -egquipment which produce radiation only by—the
wee—af from radioactive material®-

Radiation Safety Officer means

-a-person—diveetlyresponsible—for
~radiation—preteetiens one who has the knowledge and responsibility

to apply appropriate radiation protection regulations.

Radioactive Material means any material (solid, liquid, or gas) which
emits jonizing radiation spontaneously.

Radioactivity means the disintegration of unstable atomic nuclei by
the emission of radiation.
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{ (31) Registrant means any person who is registered with the Agency and I

‘ is legally obligated to register with the Agency pursuant to these
regulations.

(32) Registration means the filing with the Agency by a registrant of all
registrable items in accordance with these regulations. Registration
is—made—on—feorms—available—fromthe Ageney—Registration—does—net
-lmply—Ageﬂe¥~ﬂ?pf9Va}*6f—éi5ﬂﬁpf6¥ﬂ%~e{—%%HfﬂﬁH&ﬂ&g—Suehﬁf&giﬂffﬁbafk

items, e

(33 Rem means a measure of the dose of any radiation to body tissue in
terms of its estimated biological effect relative to a dose received
from an exposure to one roentgen (R) of x-rays. 1{One millirem (mrem) =
0.001 rem.} For the purpose of these regulations, any of the following
is considered to be equivalent to a dose of one rem:

(a) An exposure of 1 R of X, or gamma radiation;

(b) A dose of 1 rad due to x, gamma, or beta radiation;

(c) A dose of 0.05 rad due to particles heavier than protons and with .
sufficient energy to reach the lens of the eye;

(d) A dose of 0.1 rad due to neutrons or high energy protons.1

(34) Research and Development means: (a) theoretical analysis, exploration,

or experimentation; or (b) the extension of investigative findings and
theories of a scientific or technical nature into practical application *
for experimental and demonstration purposes, including the experimental
production and testing of models, devices, equipment, matecrials, and

. processes.  Research and development does not include the internal or

external administration of radiation or radiocactive material to human

beings.

(35) Restricted Area (controlled area) means any area access to which is
controlled by the registrant for purposes of protection of individuals
from exposure to radiation and radioactive material. Restricted areas
shall not include any areas used for residential quarters, although
a separate room or rooms in a residential building may be set apart
as a restricted area.

(36) Roentgen (R) means the special wpit of exposure. One roentgen equals
2.58 X 10~% coulombs/kilogram of air. (see Exposure)

1If it is more convenient to measure the neutron flux, or equivalent, than to determine
the neutron absorbed dose in rads, one rem of neutron radiation may, for purposes
of these regulations, be assumed to be equivalent to 14 million neutrons per centi-
meter incident upon the body; or, if there exists sufficient information to estimate
with reasonable accuracy the approximate distribution in energy of the neutrons,
. the incident number of neutrons per square centimeter equivalent to one rem may be
estimated from the following table' (Continued bottom next page)

. |




(37) 5ealed Source means radiocactive material that is permanently bonded
or fixed in a capsule or matrix desipned to prevant release and
dispersal of the radioactive material under the most severe conditions
which are likely to be encountered in normal use and handling.

(38) Source Material means: (a) uranium or thorium, or any combination
thereof, in any physical or chemical form, or (b) ores which contain
by weight one-twentieth of one percent (0.05 percent) or more of
(1) uranium, (ii) thorium, or (iii) any combination thereof. Source
material does not include special nuclear material.

(39) Source of Radiation means any radioactive material, or any device or
equipment emitting or capable of producing radiation.

(40) Survey means the evaluation of the radiation associated with the
production, use, release, disposal or presence of sources of radiation
under a specific set of conditions. When appropriate, such evaluation
includes a physical survey of the location of materials and/or equip~
ment and measurements of radiation levels or concentrations or
radioactive materials.

(41) Test means a method for determining the characteristics or condition
of sources of radiation or components thereof.

(42) These Regulations means Parts 1, 2, 3, 4, 5, 6, 7, 8, and 9 of the
Radiological Health Regulations and any subsequent changes or additions
thereto.

L¢Continued) NEUTRON FLUX EQUIVALENTS

Neutron Number of neutrons per square Average flux density

energy centimeter for a dose equiva- to deliver 100 millirems

(MeV) lent of 1 rem (neutrons/cm?) in 40 hours

Thermal
0.0001
0.005
0.02

to 30

(neutrons/cmZ per second) -

970 X 100 670
720 x 10° 500
820 x 10 570
400 x 106 280
120 x 109 80
43 x 106 30
26 X 106 18
29 x 109 20
26 X 106 18
24 x 100 17
24 X 109 17
14 x 105 10




(43)

. (44)

(45)

1,05

1.06

1.05

3\

Unrestricted Area umeentrelled-area means any area access to which

is not controlled by the registf@nt for purposes of protection of
individuals from exposure to radiation and radiocactive material, and
any area used for residential quarters.

Unrefined and Unprocessed Ore means ore in its natural form prior to
any processing, such as grinding, roasting, beneficiating, or refining.

Whole Body means the whole body, or head and trunk, or active blood
forming organs, or lens of eyes, or the gonads (this definition is
not applicable to the phrase '"skin of the whole body").

NOTE: Other terms not herein specifically defined shall be used in
accordance with the definitions in the Recommendations of the National
Council on Radiation Protection and Measurements, or any successor
thereto, as published in Handbooks of the National Bureau of Standards
or Reports of the NCRP.

WNITS O F RADIATION DOSE

NOTE: This Section of the Current Regulations is proposed for

elimination with the material contained therein given the disposition
as spectfied below:

.05(1) Incorporated in Part 1.04(1) under definitions
5(2)  Incorporated in Part 1.04(20) under definitions
n(3) Deleted; not used in the proposed Regqulations
5(1)  Imcovporaled in Part 1.04(33) under definitions
a(0)  Incorporated in Part 1.04(36) under definitions
5(6)  Incorporated in Part 1.04(9) under definitions

UNITS OF RADIQACTI VITY

NOTE: This Section of the Current Regulations is proposed for
elimination with the material contained therein given the disposition
as specified below:

1.06(1) Incorporated in Part 1.04(7) under definitions
1.06(2) Deleted; never used

1.06(3) Incorporated in Part 1.04(7) under definitions

EXEMPTIONS

1.05.1 The Agency may, upon application by any person or upon
its own initiative, grant such exemptions or exceptions
from the requirements of these regulations as it deter-

mines are authorized by law and will not result in undue -
hazard to public health and safety or property.




- 1.06 INSPECTIONS

1.06.1
A
1.06.2
J
1.07 TESTS
.1.07.1

Each registrant shall afford the Agency, at all reasonable
times, opportunity to inspect sources of radiation and the
premises and facilities wherein such sources of radiation
are used or stored.

Each registrant shall make available to the Agency for
inspection, upon reasonable notice, records maintained
pursuant to these regulations.

Each registrant shall perform, upon instructions from the
Agency, or shall permit the Agency to perform such
reasonable tests as the Agency deems appropriate or
necessary including, but not limited to, tests of:

(a) Sources of ionizing radiation;

(b) Facilities wherein sources of radiation are used
or stored;

(c) Radiation detection and monitoring instruments; and

(d) Other equipment and devices used in connection with
utilization or storage of registered sources of
radiation.

1.08

1.08.1

VIOLATIONS

Any person violating any of the provisions of this article,
for which the penalty is not otherwise provided, or any of
the rules, regulations or orders issued pursuant thereto,
shall be punishable by a fine of not more than two hundred
dollars or by imprisonment for not more than thirty days,
or both.
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1.09

1.10 !

1.11\

1.12 l

1.13
1.14 1

1.15

v E

IMPOUNDING

1.09.1 | In the event that an emergency exists affecting the public
health and safety, the Agency has the authority to impound
or order the impounding of sources of radiation possessed
by persons who are not equipped to observe or fail to
observe the provisions of these regulations.

PHOHIBITIONS

1.10.1 | Hand~held fluoroscopic screens shall not be used.

1.10.2 |Shoe-fitting fluoroscopic devices shall not be used or
displayed. '

COMMUNICATIONS

1.11.1 | A1l communications and reports concerning these regula-
tions, and applications filed thereunder, should be
addressed to the West Virginia Department of Health,
Radiological Health Program, 151 Eleventh Avenue, South
Charleston, West Virginia 25303.

SEVERABILITY

1.12.1 | If any provision of this article, or the application

thercof to any person or circumstance, shall be held
invalid, such invalidity shall not affect the pro-
visions or applications of this article which can be
given effect without the invalid provisions or applica-
tion, and to this end the provisions of this article are
declared to be severable.

FILING DATE

-

1.13.1 | On as prescribed by State Law, these
regulations were filed with the Office of the Secretary
of State, State of West Virginia.

CERTIFICATION

1.14.1 {These regulations were certified as being received and on
file in the Office of the Secretary of State, State of
'West Virginia, on .

EFFECTIVE DATE

l

. s
1.15.1 These regulations become effective

-10-
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PART 2.0 f?
v REGISTRATION
2.01 PURPOSE AND SCOPE
2.01.1 This part provides for the registration of sources of radia-

tion. The person having possession of any registrable item
shall register such source of radiation with the Agency in
accordance with the requirements of this part.
2.01.2 For the purpose of Part 2.0 of these regulations, "facility"
means the location at which one or more devices or sources
are installed and/or located within one building, vehicle,
or under one roof, and/or are under the same administrative
control.

2.01.3 1In addition to the requirements of this part, all registrants
are subject to the applicable provisions of other parts of
these regulations. TIhe—tregistrant shall-comply with . all

licabl . £ 4l lati

2.02 EXEMPTIONS

2.02.1 The following sources of radiation do not require registra-
tion:

(2) Less than 10 times the quantities of any radiocactive
material possessed simultancously, listed in Appendix
C of these regulations.

(b) Natural radioactive materials of an equivalent specific
radioactivity not exceeding that of natural potassium,
(10~9 curies/gn)

(¢) Time pieces, instruments, novelties, or devices con-
taining self-luminous elements, except during manu-
facture or repair of the self-luminous elements
themselves. Such time pieces, instruments, novelties,
or devices shall not be exempt if they are stored, used,
or handled in such quantity or fashion that an individual
might receive a radiation dose exceeding the limits
established in See#ten 3.03.1.

(d) Domestic television receivers, providing the dose rate
". at 5 cm from any outer surface is less than 0.5 mrem
per hour.

Y -11-




e3> -Other-eleatriesl—equipment—thatproduces—radiation
incidental-to--its—eperation for—otherpurpeses;—pro— R
viding- thoe-dose-pate-£0- the- whele body—at—the point o
of-pearest-approach—to sueh-equipment—when—any '
-external-shielding—io—removed—deoes—net-exeeed-0.5-
® P SO A A s S P
servieing of such-equipment; shall not -be-exempt.

(e) Electronic equipment that produces radiation inci-
dental to its operation for other purposes is exempt
N from the registration and notification requirements
J of this part, providing dose equivalent rate averaged
over an_area of ten (l0) square centimeters does not
exceed O 5 mfem per hour at 5 cm from any accessible

surface of such equipment. The production, testing,
or factory servicing of such equipment shall not be
exempt.

(f) Radiation-producing machines while in transit or
storage incident thereto. This—exemptiomr—shait—rnot
apply—teo—the—funetional—testing-or—demonstrating—
-of-such-—maehines,

2.02.2 Common and contract carriers operating within this State
are exempt from registration requirements to the extent
that they transport or store sources of radiation in the
regular course of their carriage for another or storage
incident thereto.

203 ~DESTERATION-OF AN—INDIVIDUAL WHO WL BERESPONSTBEE-TOR-
‘RADIATION—PROTECTION

203} Fhe-owper—or-persenhavine -posgessionofany sourece—of
liation, - ! . .
Seetion—2.02shall designate—an—individuatwho-—will
1 ible £ linrd . e \ _
Such-individual shall:

(&) B Lified - . _to—infors




Z - ' £e) Give—instruetions—eoncerning hazardo-and-safety—
. . practices—to poersens—-whe-may—be—exposed—to
: radiations—and
' £ Make-surveys—and—earry—out—other—procedures—as—
'I' : Teguired-by—these—regulations.
“Whem—in—the—eopinion—of—the—Apeney—the—individual
-desienuted—to—beresponsible—feor—radiation safety
-does-net-have-quatifiesntions—sufftctert—to—insuwre—
;o safety—oi—the soureefor which-he forespongible;
. —the-Apeney—may order—-the registrant todesipnate—
—anecther—individualwho—meeto-the requirenentaof-
-thds—paragraph.

2.0 APPLICATION FOR REGISTRATION OF RADIATION FACILITIES

2.03.1 The person possessing each registrable item which has not
already been registered, shall:

(a) Apply for registration of such facility with the
Agency within thirty (30) days following the effective
date of these regulations or thereafter prior to the
operation of a radiation facility.

(b) Make application for registration on forms furnished
by the Agency and shall supply all the information
required by the form and accompanying instructions.

_ (¢) Designate on the application form an individual to be
- responsible for radiation protection.

204 --REGESTRATION-FORM-

2-64<+1 Registration—shaltl-be-made—on—forms—obtainedfrom—the
Ageney

2:04=2 Inthe-process—ef-regiseration;—the repictrant-shall
forth all licable inf . 1led for 1 1
¢ hing X Le f L£

\' 25643  A-separate—repgistrationformshall -be—eompleted—for
- _e&eh J'HSEEH lat:'en

2.04 RENEWAL OF REGISTRATION

. 2.04.1 The person possessing each registrable item shall renew
such registration with the Agency at a date to be

- specified by the Agency not later than within six (6) ;
months of the effective date of these regulations and
every three years thereafter.

-13-
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2.06

2.07
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REPORT OF CHANGES

2.05.1  Except as provided in Parct 2.05.2, the registrant shall
notify the Agency in writing within ten (10) days after any
change which renders the information on registration no
longer accurate. In the case of disposition of radiation

sources, such notification shall specify the recipient of
these sources.

2.05.2 The registrant is not required to notify the Agency of the
use of radiation sources at a temporary location other than
the designated storage location, provided the initial
registration shows that their use at temporary locations is
normal to the conduct of the registrant's operations.

APPROVAL NOT IMPLIED

2.06.1 No person, in any advertisement, shall refer to the fact
that a source of. radiatijon is registered with the Agency,
and no person shall state or imply that any activity
under such registration has been approved by the Agency.

VENDOR OBLIGATION

2,07.1 (a) Each person who is engaged in the business of
installing or offering to install radiation sources
or is engaged in the business of furnishing or
offering to furnish radiation source servicing or
services in this State, shall apply for registration
of such services with the Ageney within thirty (30)
days following (the effective date of these regulations)
or thereafter prior to furnishing or offering to furnish
any such services.

(b) _Any person who sells, leases, transfers or lends
radiation sources in this state shall notify the Agency
within thirty (30) days after the end of each calendar

quarter of:

-1



2.08

2.09

2.07.2

(i)_  The name and address of persons who have
received rhese sources;

(ii) The manufacturer and model of each source trans-
ferred;

(iii) The date of transfer of each radiation source.

No_person shall make, sell, lease, transfer, lend or install
X-ray equipment or radioactive material sources or auxiliaries
and supplies necessary for the safe operation of such equip-
ment unless such supplies and equipment, when placed in
operation and use, will meet the requirements of these

regulations.

QUT-OF-STATE REGISTRABLE ITEMS

2.08.1

—2:08+2

Whenever any out-of-state reglstrable item is to be brought

into West Virginia -by—-any non-registrant for any temporary

use, usage—or—storage, the person proposing to bring such
item into the state or his authorized agent shall give
written notice to the Agency at least five (5) days before
such entry. The notice shall include the item type and
energy characteristics; of-theitemy-pakures—and-scope of
the—use-or storage; the—duratienof use within—the -state-
and—the—exaet—teoeation—of use-snd-sterage. the nature,
duration, and scope of use; and the exact location where
the registrable item is to be used. If for a specific
.case, the 5-day period weuld will impose an undue handicap
-d-person--may —apply—-to—the Apency-by Jetter or-telegram
For-permiskionto-waiveLthe S=day-raquiremant. hardship

on_the person, he may, upon application ro the Apency,

obtain permission to proceced sooner. 1In addition, the
out-of-state person must:

(a) Comply with all applicable regulations of the
Agency; and,

(b) Supply the Agency with such other information as
the Agency may reasonably request.

4%*{hé—i{em~iS—{EP%H%4ﬁﬂai~iﬂ*W&GE—V&%%&&i&—@G%~E@¥e—th&ﬂ-
-660—days—ofany—censecutive—i2-months—it-shatl be-
-registered—inaeceordaneewith this-Pare.

RADIATION PROTECTION REQUIREMENTS

2.09.1

Registrants and_persons subject to 2,08.1 shall comply with
all applicable requirements of these regulations, provided,
however, that apart from registration, nothing in these
regulations shall apply to any person to the extent that
such person is subject to regulation by the United States

Atomie—Enerpgy--Commiasion- Nuclear Regulatory Commission and

any legal successor thereof.

-15-




PART 3.0
RADIATION PROTECTION STANDARDS

3.01 PURPOSE AND SCOPE

3.01.1 This part establishes standards for protection against
radiation hazards. Except as otherwise specifically pro-
vided, this part applies to all registrants. Nothing in
this part shall be interpreted as limiting the intentional
exposure of patients to radiation for the purpose of medical

diagnosis or therapy.

3.01.2 In addition to complying with the requirements set forth
in this part, every reasonable effort should be made to
maintain radiation exposures, and releases of radioactive
materials in effluents to unrestricted areas, as far below
the limits specified in this part as practicable. The
term "as far below the limits specified in this part as
Practicable’" means as low as is practicably achievable
taking into account the state of technology, and the
economics of improvements in relation to benefits to the
public health and safety and in relation to the utilization
of ionizing radiation in the public interest.

- 3+02— -RABIATION-PROFECTION -EIMITS IN—CONFROLLED- AREAS—

3.02 RADIATION DOSE TO INDIVIDUALS IN“B£§IRLQI§Q_AB§A§}
3.02.1 Except as provided in 3.02.2, no registrant shall possess,

use, receive, or transfer sources of radiation in such a
manner as to cause any individual in a centrelled.
restricted area to receive in any period of one calendar
quarter from all sources of radiation in the liecenseels-
e¥ registrant's possession a dose in excess of the limits
specified in thefelleowing tables+ Table A:iW

TABLE A ¥V
RADIATION PROTECTION LIMITS

REMS PER
CALENDAR
PORTION OF BODY QUARTER
(a) Whole body; head and trunk; active blood—
forming organs; lens of eyes; or gonads————— 1 1/4
(b) Hands and forearms; feet and ankleg————m——— 18 3/4
(¢) Skin of whole body-~————me—o - - 71/2

lror determining the doses specified in 3.02 a dose from x or gamma rays up to
10 MeV may be assumed to be equivalent to the exposure measured by a properly
calibrated appropriate instrument in air at or near the body surface in the
region of the highest dose rate.

<16~




- 3.02.2 Radiation Doses Greater Than Table ¥¥_A. A registrant may
permit an individual in a eentrelled restricted area to
. receive a dose to the whole body greater than that permitted
v under 3.02.1, provided:

(a) During any calendar quarter the dose to the whole
body from sources of radiation in the registrant's
possession shall not exceed 3 rems; and

(h) The dose to the whole body, when added to the
accumulated occupational dose to the whole body,
shall not exceed 5(N-18) rems where "N'" equals
the individual's age in years at his last birthday;
and

(¢) The registrant has determined the individual's
accumulated occupational dose to the whole body omn
Form RH-14 or on a clear and legible record con-
taining all the information required in that form
and has otherwise complied with the requirements
of 3.02. As used in 3.02.2, "dose to the whole body"
shall be deemed to include any dose to the whole body,
gonads, active blood-forming organs, head and trunk,
or lens of eye.

3.02.3 Determination of Accumulated Dose

(a) This section contains requirements which must be
satisfied by registrants who propose, pursuant to
3.02.1(b) to permit individuals in a restricted area
to receive exposure to radiation in excess of the
limits specified in 3.02.1.

(b) Before permitting any individual in a restricted area
to be exposed to radiation in excess of the limits
specified in 3.02.1, each lieemsee—or registrant shall:

(1) Obtain a certificate on Form RH-14 or on a
clear and legible record containing all the
information required in that form, signed by
the individual, showing each period of time
after the individual attained the age of 18 in
which the individual received an occupational
dose of radiation; and '

(2) Calculate on Form RH-14 in accordance with the
instructions appearing therein, or on a clear
and legible record containing all the informa-

. tion required in that form, the previously
accumulated occupational dose received by the
_ individual and the additional dose allowed for
~ ~ that individual under 3.02.2.
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(c)

(1) In the preparation of Form RH-14 or a clear
and legible record containing all the informa-
tion required in that form, the registrant shall
make a reasonable effort to obtain reports of
the individual's previously accumulated occupa-
tional dose. TFor each period for which the
registrant obtains such reports, he shall use
the dose shown in the report in preparing the
form. 1In any case where a registrant is unable
to obtain reports of the individual's occupn-
tional dose for a previous complete calendar
quarter, it shall be assumed that the individual
has received the occupational dose specified in
whichever of the following columns apply:

Part of Body

Column 1 Column 2
Assumed Dose in Assumed Dose in Rems
Rems for Calendar for Calendar Quarters
Quarters Prior to Beginning on or After
January 1, 1961 January 1, 1961

Whole body, gonads, active 3 3/4 11/4
blood-forming organs, head
and trunk, lens of eye

(2) The registrant shall retain and preserve records
used in preparing Form RH-14. 1If calculation of
the individual's accumulated occupational dose
for all periods prior to January 1, 1961, yields
a result higher than the applicable accumulated
dose value for the individual as of that date, as
specified in 3.02.2(b), the excess may be disre-
garded.

3.02.4 Exposure of Individuals to Concentrations of Radioactive
Material in Gemrtrelled Restricted Areas

(a)

No registrant shall possess, use, receive, or transfer
radioactive material in such a manner as to cause an
individual in a restricted area to be exposed to air-
borne radioactive material in an average concentration
in excess of the limits specified in Appendix A,

Table I, of Part 9.0. "Expose,'" as used in this
section means that the individual is present in an
airborne concentration. No allowance shall be made
for the use of protective clothing or equipment, or
particle size, except as authorized by the Agency

pursuant to 3.02.4(c).
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tective equipment, including supervisory procedures BT
and length of time the equipment will be used by
the individuals in each work week. The proposed
periods for use of the equipment by any individual
should not be of such duration as would discourage
observance by the individual of the proposed
procedures; and

(iv) The average concentrations present in the o
areas occupied by individuals. S

3.02.5 4%&H£&ﬂ£ﬁ+4%ﬁuﬂk{euExBosure of Minors?2

(a) No registrant shall possess, use, or transfer sources
of radiation in such a manner as to cause any individual
within a eentrelled-restricted area, who is under 18
years of age, to receive in any period of one calendar
quarter from all sources of radiation in such registrant's
possession a dose in excess of 10 percent of the limits
specified in Fable—I¥ Table A in 3.02.1.

(b) No registrant shall possess, use, or transfer radio-
active material in such a manner as to cause any
individual within a -eentrolled restricted area, who is
under 18 years of age, to be exposed to airborne radio-
active material in an average concentration in excess
of the limits specified in Appendix A, Table II, of g
Part 9.0. For purposes of this paragraph, concentrations
may be averaged over periods not greater than a week.

(c) The provisions of 3.02.4(c) shall apply to exposures
subject to 3.02.5(b).

303 RABHATTON-PROTECTION—LIMETS—IN--UNCONTROLLED-AREAS- 5

3.03 - RADIATION DOSE TO INDIVIDUALS IN UNRESTRICTED AREAS

3.03.1  Except as authorized by the Agency pursuant to 3.03.1(b) no
registrant shall possess, use, or transfer sources of
radiation in such a manner as to create in any uneontrelied
unrestricted area from such sources of radiation in his
possession:

(a) Radiation levels which, if an individual were con-
tinuously present in the area, could result in his
receiving a dose in excess of 2 millirems in any
1 hour; or

2For determining the doses specified in this section, a dose from x
Or gamma rays up to 10 MeV may be assumed to be equivalent to_ the

exposure measured by a properly calibrated appropriate instrument

in air at or near the body surface in the region of the highest dose v

rate.




(b)

The limits given in Appendix A, Table I, of Part 9.0

are based upon exposure to the concentrations specified
for forty (40) hours in any period of seven (7) con-
secutive days. In any such period where the number of
hours of exposure is less than forty (40), the limits
specified in the table may be increased proportionately.
In any such period where the number of hours of

exposure is greater than forty (40), limits specified
in the table shall be decreased proportionately.

(1) Except as authorized by the Agency pursuant to this
paragraph, no allowance shall be made for particle
size or the use of protective clothing or equip-—
ment in determining whether an individual is
cxposed to an airborne concentration in cxcess of
the limits specified in Appendix A, Table I.

(2) The Agency may authorize a registrant to expose an
individual in a <entrolled restricted area to
airborne concentrations in excess of the limits
specified in Appendix A, Table I, upon receipt of
an application demonstrating that the concentration
is composed in whole or in part of particles of
such size that such particles are not respirable
and that the individual will not inhale the con-—
centrations in excess of the limits established
in Appendix A, Table I. Tach application under
this subparagraph shall include an analysis of
particle sizes in the concentrations and a
description of the methods used in determining
the particle sizes.

(3) The Agency may authorize a registrant to expose
an individual in a restricted area to airborne
concentrations in excess of the limits specified
in Appendix A, Table I, upon receipt of an
application demonstrating that the individual will
wear appropriate protective equipment and that the
individual will not inhale, ingest, or absorb
quantities of radioactive material in excess of
those which might otherwise be permitted under this
part for individuals in restricted areas during a
40-hour week. Each application under this sub-
paragraph shall contain the following information:

(1) A description of the protective equipment to
be employed, including the efficiency of the equip-
ment for the material involved;

(ii) Procedures for the fitting, maintenance, and
cleaning of the protective equipment;




3.03.2

3.03.3

(b) Radiation levels which, if an individual were con-
tinuously present in the area could result in his
receiving a dose in excess of 100 millirems in any
7 consecutive days. '

Any person may apply to the Agency for proposed limits upon
levels of radiation in uneontredded- unrestricted areas in
excess of those specified in 3.03.1 resulting from the
applicant's possession or use of sources of radiation. Such
applications should include information as to anticipated
average radiation levels and anticipated occupancy times for
each umeentrelted unrestricted area involved. The Agency
will approve the proposed limits if the applicant demonstrates
to the satisfaction of the Agency that the proposed limits
are not likely to cause any individual to receive a dose to
the whole body in any period of one calendar year in excess
of 0.5 rem.

-Radionetivity Concentration in Effluents to HYreontrelled

Unrestricted Areas

(a) A registrant shall not possess, use, or transfer
registered material so as to release to an uneentrelled
uanrestricted area radioactive material in concentrations
which exceed the limits specified in Appendix A, Table II
of Part 9.0, except as authorized pursuant to 3.09.2 or
3.03.3(b). TFor purposcs of this section concentrations
may be averaged over a period not greater than one year.

(b) Any person may apply to the Agency for proposed limits
higher than those specified in 3.03.3(a). The Agency
will approve the proposed limits if the applicant
demonstrates:

(1) That the applicant has made a reasonable effort
to minimize the radioactivity contained in
effluents to uaecentrelled unrestricted areas; and

(2) That it is not likely that radioactive material
discharged in the effluent would result in the
exposure of an individual to concentrations of
radioactive material in air or water exceeding
the limits specified in Appendix A, Table II of
Part 9.0.

(¢) An application for higher limits pursuant to 3.03.3(b)
shall include information demonstrating that the
applicant has made a reasonable effort to minimize the
radioactivity discharged in effluents to uneentrelled
unrestricted areas, and shall include, as pertinent:
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(1)

(2)

(3)

(4)

(5)

(6)

Information as to flow rates, total volume of
effluent, peak concentration of each radionuclide
in the effluent, and concentration of each radio-
nuclide in the effluent averaged over a period of
one year at the point where the effluent leaves a
stack, tube, pipe, or similar conduit;

A description of the properties of the effluents,
including:

(i) Chemical composition,

(ii) Physcial characteristics, including suspended
solids content in liquid effluents, and nature of
gas or aerosol for air effluents,

(iii) The hydrogen ion concentrations (pH) of
liquid effluents, and

(iv) The size range of particulates in effluents
released into air;

A description of the anticipated human occupancy
in the unrestricted area where the highest concen-
tration of radioactive material from the effluent
is expected, and, in the case of a river or stream,
a description of water uses downstream from the
point of release of the effluent;

Information as to the highest concentration of each
radionuclide in an umeontreollad uanrestricted area,

including anticipated concentrations averaged over

a period of one year:

(1) In air at any point of human occupancy, or

(ii) In water at points of use downstream from
the point of release of the effluent;

The background concentration of radionuclides in the
receiving river or stream prior to the release of
liquid effluent;

A description of the environmental monitoring equip-
ment, including sensitivity of the system, and pro-
cedures and calculations to determine concentrations
of radionuclides in the -sneontrelled unrestricted
area and possible reconcentrations of radionuclides;
and
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3.04

3.03.4

SURVEYS

3.04.1

(7) A description of the waste treatment facilities
and procedures used to reduce the concentration
of radionuclides in effluents prior to their
release.

(d) For the purposes of this section, the concentration
limits in Appendix A, Table II of Part 9.0 shall apply
at the boundary of the eentrelled restricted area.

The concentration of radioactive material discharged -
through a stack, pipe or similar conduit may be deter-
mined with respect to the point where the material
leaves the conduit. TIf the conduit discharges within
the esntrolled restricted area, the concentration at
the boundary may be determined by applying appropriate
factors for dilution, dispersion, or decay between the
point of discharge and the boundary.

(e) 1In addition to limiting concentrations in effluent
streams, the Agency may limit quantities of radioactive
material released in air or water during a specifiel
period of time if it appears that the daily intake of
radicactive material from air, water, or food by a suit-
able sample of an exposed population group, averaged
over a period not exceeding one year, would otherwise
exceed the daily intake resulting from continuous
exposure to alr or water containing one-third (1/3) the
concentration of radicactlve material specified in
Appendix A, Table II of Part 9.0.

(f) The provisions of this section do not apply to disposal
of radioactive material into sanitary sewerage systems,
which is governed by 3.09.3. '

Orders Requiring Furnishing of Bioassay Services. Whera
necessary or desirable in order to aid in determining the
extent of ar individual's exposure to concentrations of
radiosactive material, the Agency may incorporate repisc ::oisn
provisions or issue an order requiring a registrant to make
available to the individual appropriate bioassay services

and to furnish a copy of the reports of such services to the

Agency.

As used in the regulations in this part, "survey" means an
evaluation of the radiation hazards incident to the produc-
tion, use, release, disposal, or presence of radioactive
materials or other sources of radiation under a specific
set of conditions. When appropriate, such evaluation
includes a physical survey of the location of materials and
equipment, and measurements of levels of radiation or
concentrations of radioactive material present.




3.05

3.06

3.04.2 Fach registrant shall make or cause to be made such surveys
as may be necessary for him to eomply—wi-th—the repgultations l
-in—this—part establish compliance with these regulations. -

PERSONNEL MONITORING

Each registrant shall supply appropriate personnel monitoring equip-
ment to, and shall require the use of such equipment by:

3.05.1 EBach individual who enters a -contrelled restricted area
receive, a dose in any calendar quarter in excess of 25
percent of the applicable value specified in 3.02.1.

3.05.2 Each individual under 18 years of age who enters a -eeatrelled
restricted area under such circumstances that he receives,
or is likely to receive, a dose in any calendar quarter in

excess of 5 percent of the applicable value specified in
3.02.1.

3.05.3 Each individual who enters a high radiation area.

POSTING, LABELING, AND CAUTION SIGNALS
3.06.1 Symbols and Other Contents

(a) Except as otherwise authorized by the Agency, symbols
prescribed by this section shall use the conventional
radiation caution colors (magenta or purple on yellow
background). The symbol prescribed by this section is
the conventional three-blade design:

RADIATION SYMBOL

(=

Cross~hatch area is to be magenta or purple.
2. Backeround is to be yellow.

————
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(b) In addition to the contents of signs and labels pre-
scribed in this section, a registrant may provide on
or near such signs and labels any additional informa-
tion which may be appropriate in aiding individuals
to minimize exposure to radiation.

3.06.2 Signs

(a) Radiation Areas. Each radiation area shall be con-
spicuously posted with a sign or signs bearing the
radiation caution symbol and the words:

cAutION?
RADIATION AREA

(b) High Radiation Areas

(1) Each high radiation area shall be conspicuously

posted with a sign or signs bearing the
radiation caution symbol and the words:

| cAuTION?
. | . HIGH RADIATION AREA

. (2) Each entrance or access point to a high radiation
v area shall be:

(1) Equipped with a control device which shall
eithe¥ cause the level of radiation to be reduced
below that at which an individual might receive

a dose of 100 millirems in 1 hour upon entry into
the area; or

(i1) Equipped with a control device which shall
energlze a coaspicuous visible or audible alarm
signal in such a manner that the individual
entering the high radiation area and the registrant
or a supervisor of the activity are made aware of
the entry; or

(iii) Maintained locked except during periods
when access to the area is required, with positive
control over each individual entry.

(3) The controls required by 3.06.2(b)(2) shall be
established in such a way that no individual will
be prevented from leaving a high radiation area.

- 40r "Danger".
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(4) 1In the case of a high radiation area established
for a period of 30 days or less, suech-ecentrol
device—is-not-required direct surveillance to
Prevent unauthorized entry may be substituted for
the controls required by 3.03.3(c)(2).

(5) Any registrant may apply to the Agency for approval
of methods_not included in 3.06.2(b)(2) and (4) for
controlling access to high radiation areas. The
Apgency will approve the proposed alternatives if
the registrant demonstrates that the alternative
methods of control will prevent unauthorized entry
into a high radiation area, and that the require-—
ment of 3.06.2(b)(3) is met.

(¢) Airborne Radioactivity Areas. Each airborne radio-
activity area shall be conspicuously posted with a
sign or signs bearing the radiation caution symbol and
the words:

cAurTon?
ATRBORNE RADIQACTIVITY AREA
(d) Additional Requirements .

(1) Each area or room in which any radioactive material,
other than natural uranium or thorium, is used or -
stored in an amount exceeding 10 times the quantity
of radioactive material specified in Appendix B of
Part 9.0 shall be conspicuously posted with a sign
or signs bearing the radiation caution symbol ‘and
the words:

CAUTTON?
RADIOACTIVE MATERTAL

(2) Each area or room in which natural uranium or
thorium is used or stored in an amount exceeding
one hundred times the quantity specified in
Appendix B of Part 9.0 shall be conspicuously
posted with a sign or signs bearing the radiation
caution symbol and the words:

cAuTIoN?
RADTOACTIVE MATERTAL

4oy "Danger"
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3.06.3 Labeling Containers

(a)

(b)

(c)

40r "Danger"
As appropriate, the information will include radiation levels,

kinds of material, estimate of activity, date for which activity
1s estimated, etc.

Except as provided in 3.06.3(c) each container of
radiocactive material shall bear a durable, clearly
visible label identifying the radioactive contents.

A label required pursuant to 3.06.3(a) shall bear
the radiation caution symbol and the words:

cAutzon?
RADIOACTTVE MATERTAL

It shall also provide sufficient information? to
permit individuals handling or using the containers,
or working in the vicinity thereof, to take pre-
cautions to avoid or minimize exposures.

Notwithstanding the provisions of 3.06.3(a), labeling
is not required:

(1) For containers that do not contain radioactive
material in quantities greater than the applicable
quantities listed in Appendix B of Part 9.0; of
these regulations

(2) For containers containing only natural uranium or
thorium in quantities no greater than ten (10)
times the applicable quantities listed in Appendix
B of Part 9.0;

(3) For containers that do not contain radioactive
material in concentrations greater than the
applicable concentrations listed in Column 2,
Table I, Appendix A of Part 9.0;

(4) For containers when they are attended by an
individual who takes the precautions necessary
to prevent the exposure of any individual to
radiation or radioactive material in excess of
the limits established by the regulations in
this part;

(5) Yor containers when they are in transport and
packaged and labeled in accordance with regulations
published by the Department of Transportation;
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(6) For containers which are accessible only to
individuals authorized to handle or use them
or to work in the vicinity thereof, provided
that the contents are identified to such
individuals by a readily available written
record; and

(7) For manufacturing and process equipment such
as piping and tanks.

3.06.4 Labeling Radiation Machines. All radiation machines shall
be labeled in a manner which cautions individuals that
radiation is produced when the machine is being operated.

3.006.5 Exceptions from Posting and Labeling Requiremcnfs. Not—-
withstanding the provisions of 3.06:

(a) A room or area is not required to be posted with a
caution sign because of the presence of a sealed
source, provided the radiation level twelve (12)
inches from the surface of the source container or
housing does not exceed five (5) millirem per hour.

(b) Rooms or other areas in hospitals are not required to
be posted with caution signs, and control of entrance
or access thereto pursuant to 3.06.2(b) is not required,
because of the presence of patients containing radio-
active material provided that there are personnel in
attendance who will take the precautions necessary to
prevent the exposure of any individual to radiation or
radioactive material in excess of the limits established
in the regulations in this part. '

(c) Caution signs are not required to be posted in areas
or rooms containing radioactive material for periods
of less than eight (8) hours provided that:

(1) the material is constantly attended during such
periods by an individual who shall take the
precautions necessary to prevent the exposure of
any individuval to radiation or radioactive
material in excess of the limits established in
this part, and

(2) such area or room is subject to the registrant's
control.

6For cxample, containers in locations such as water—-filled canals,
storage vaults, or hot cells.
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(d) A room or other area is not required to be posted
with a caution sign, and control is not required for
each entrance or access point to a room or other area
which is a high radiation area solely because of the
presence of radioactive material prepared for trans-—
port and packaged and labeled in accordance with
regulations of the Department of Transportation.

3.07 INSTRUCTION OF PERSONNEL

i ' 3.07.1

Safety Information. Each registrant shall inform individuals
working in or frequenting any portion of a contrelled

restricted area of the occurrence of radiation or sources

of radiation in such portions of the esatrelled restricted
area; shall instruct such individuals in the safety problems
associated with exposures to such sources of radiation and
in precautions or procedures to minimize exposure; shall
instruct such individuals in the applicable provisiocns of
the Agency regulations for the protection of personnel from
exposures to radiation or radicactive materials.

3.08 STORAGE OF SOURCES OF RADIATION

3.08.1

Sources of radiation shall be secured against unauthorized
removal from the place of storage and shall be provided
with reasonable protection against loss, leakage, or disper-
sion by the effects of fire or water.

3.09 WASTE DISPOSAL

3.09.1

3.09.2

General Requirement. No registrant shall dispose of any
radioactive material except:

(a) By transfer to an authorized recipient as provided

in 3.10.2;

(b) As authorized pursuant to 3.03.3, 3.09.2, 3.09.3 or
3.09.4, '

Method of Obtaining Approval of Proposed Disposal Procedures.

(a) Any person may apply to the Agency for approval of
proposed procedures to dispose of radiocactive material
in a manner not otherwise authorized in this part.

(b) Each application shall include a description of the
radiocactive material, including the quantities and
kinds of radicactive material and levels of radio-
activity involved, and the proposed manner and con-
ditions of disposal.
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(c) The application, where appropriate, should also
include an analysis and evaluation of pertinent
information as to the nature of the environment,
including topographical, geological, meteorological,
and hydrological characteristics; usage of ground
and surface waters in the general area; the nature
and location of other potentially affected facilities;
and procedures to be observed to minimize the risk of
unexpccted or hazardous exposures.

(d) The Agency will not approve any application for a
registration to receive radioactive material from
other persons for disposal on land not owned by a
State or the Federal Government.

3.09.3 Disposal by Release Into Sanitary Sewerage Systems. No

registrant shall discharge radioactive material into a
sanitary sewerage system unless:

(a) It is readily soluble or dispersible in water:

(b) The quantity of any radioactive material released
into the system by the registrant in any one day does
not exceed the larger of the following:

(1) The quantity which, if diluted by the average
daily quantity of sewage released into the :
- sewer by the registrant, will result in an ' -
average concentration not greater than the
limits specified in Appendix A, Table T,
Column 2, of Part 9.0, or

(2) Ten (10) times the quantity of such material
specified in Appendix B of Part 9.0;

(¢) The quantity of any radioactive material released in
any one month, if diluted by the average monthly
quantity of waste water released by the registrant,
will not result in an average concentration exceeding

the limits specified in Appendix A, Table I, Column 2,
of Part 9.0; and

(d) The gross quantity of radioactive material released

into the sewerage system by the registrant does not
exceed one (1) curie per year.

Excreta from individuals undergoing medical diagnosis
or therapy with radioactive material shall be exempt
from any limitations contained in this section.

3.09.4  Disposal by Burial in Soil. No registrant shall dispose
of radioactive material by burial in soil unless:




(a) The total quantity of radioactive material buried at
any one location and time does not exceed, at the time
. : of burial 1,000 times the amount specified in
Appendix B of Part 9.0; and

(b) Burial is at a minimum of four (4) feet; and
(c) Successive burials are separated by distances of at
least six (6) feet and not more than 12 burials are
made in any year.
3.09.5 Disposal by Incineration. No registrant shall incinerate
radioactive material for the purpose of disposal or pre-

paration for disposal except as specifically approved by
the Agency pursuant to 3.03.3 and 3.09.2.

3.10 TRANSFER OF MATERIAL

3.10.1 No registrant shall transfer radioactive material except as
authorized pursuant to this section.

3.10.2 Any registrant may transfer radiocactive material:

(a) To the U. S. -Atemie-Enerey Commission Nuclear

Regulatory Commission;

(b) To any person authorized to receive such material
under terms of a general license or its equivalent,
or a specific license or equivalent licensing
document, issued by the U. S. Atemle-Energy Gommitsien
Nuclear Regulatory Commission, or any agreement state,
or to any person otherwise authorized to receive such
material by the Federal Government or any agency
thereof, or any agreement state; or,

(c) As otherwise authorized by the Agency in writing.

3.11 INTRASTATE TRANSPORTATION OF RADIOACTIVE MATERIAL

3.11.1 The provisions of this part apply to transportation of
radioactive material, or the delivery of radioactive
material to a carrier for transportation, which is not
subject to the rules and regulations of the U. S.
-AtomteEnergy Gommission Nuclear Regulatory Comm1551on,
the U. 5. Department of Transportation, the U. §S.
Postal Service and other Federal agencies.

3.11.2 No registrant shall transport any radioactive material
outside of the confines of his plant or other authorized
location of use, or deliver any radioactive material to
a carrier for transportation, unless the registrant
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3.12

RECORDS

3.12.1

3.12.2

3.12.3

3.12.4

3.12.5

complies with all requirements, appropriate to the mode

of transportation, relating to the packaging of the radio-
active material, and to the marking and labeling of the
package and transporting vehicle, of the rules and regu~
lations, as amended of the U. §. Department of Transportation
and other Federal agencies regulating the transportation of
radioactive material.

Each registrant shall maintain records showing the radiation
doses of all individuals for whom personnel monitoring is
required under 3.05.-ef-this——Part. Such records shall be
kept on Form RH-15 in accordance with the instructions
contained in that form, or on clear and legible records
containing all the information required by Form RH-15. The
doses entered on the forms or records shall be for periods
of time not exceeding one calendar quarter.

Upon termination of employment of an individual, the indi-
vidual and/or Agency shall, upon request, be supplied with
a summary statement of that individual's radiation dose.
This record shall include statements of any circumstances
wherein the dose to the employee from any source of
radiation, exceeded those specified in these regulations.
Employee records must be kept available for inspection by
the Agency during the tenure of employment of an employee
and for a period of five years thereafter.

Each registrant shall maintain records in the same units used
in these regulations, showing the results of surveys required
to comply with these regulations and disposals made under
3.09.

Records of individual exposure to radiation and to radio-
active material which must be maintained pursuant to the
provisions of 3.12.1 and records of bioassays, including
results of whole body counting examinations, made pursuant
to 3.03.4 shall be preserved indefinitely or until the
Agency authorizes their disposal. {Records which must be
maintained pursuant to this part may be maintained in the
form of microfilms}.

An accurate accounting for all radioactive materials shall be
maintained for a radiation installation. Such records shall
show radioactive materials received, produced, transferred
and disposed, the amounts and form of the radioactive
materials, and such information as may be necessary to account
for the difference between the amount of radioactive
materials received or produced and the amount on hand. Such
records shall be retained for at least five years after the
final disposition of any radioactive material.
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. 3.12.6

3.13 REPORTS

3.13.1

3.13.2

3.13.3

3.13.4

Copies of all records required under these regulations
shall be transferred to the Agency in the event of
termination of the registrant's business operations and
at such other times as the Agency may direct.

Report to Employees and Others of Radiation Dosage. Each
registrant, at the request of any individual employed or
associated with him, shall advise such individual annually
of the individual's exposure to radiation as shown in
records maintained by the registrant pursuant to 3.12.1.

Report to Former Employees and Others of Exposure to
Radiation

(a) A reglstrant, at the request of any individual for-
merly employed or associated with him (i.e., student,
craftsman, etc.) shall furnish to such individual a
report of his exposure to radiation as shown in
records maintained pursuant to 3.12.1. Such report
shall be furnished within 30 days from the time the
request is made and shall cover each calendar quarter
of the individuals employment or association involving
exposure to radiation, or such lesser period as may be
requested by the individual. The report shall also
include the results of any calculations and analysis
of radioactive material deposited in the body of the
individual and made pursuant to the provisions of
3.03.4. The report shall be in writing and contain
the following statement:’ ' '

"This report is furnished to you under the pro-
vislons of the West Virginia Department of Health
regulations entitled, "Radiological Health
Regulations". You should preserve this report
for future reference."

(b) The individual's request should include appropriate
identifying data, such as social security number and
dates and locations of employment or association.

Reports of Theft or Loss of Sources of Radiation. Each
registrant shall report by telephone and telegraph and con-
firm promptly by letter to the Agency the theft or loss of
any registrablae.source of radiation immediately after such
occurrence becomes known.

Notification of Incidents

(a) Immediate Notification. Each registrant shall immedi-
ately notify the Agency by telephone and telegraph of
any incident involving any source of radiation possessed
by him and which may have caused or threatens to cause:
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3.13.5

(b)

(c)

(1) A dose to the whole body of any individual of
25 rems or more of radiation; a -expesure dose
to the skin of the whole body of any individual
of 150 rems or more of radiation; or a-expesure—
dose to the feet, ankles, hands, or forearms
of any individual of 375 rems or more of
radiation; or

(2) The release of radioactive material in concentra-
tions which, if averaged over a period of 24 hours,
would exceed 5,000 times the limits specified for
such materials in Appendix A, Table II, Part 9.0;
or

(3) A loss of one working week or more of the operation
of any facilities affected; or

(4) Damage to property in excess of $100,000.

Twenty~four Hour Notification. Each registrant shall
within 24 hours notify the Agency be telephone and
telegraph of any incident involving any source of
radiation possessed by him and which may have caused or
threatens to cause:

(1) A dose to the whole body of any individual of 5
. rems or more of radiation; a-expeswre—dose to the
skin of the whole body of any individual of 30 -
rems or more of radiation; or a -exposure-dose to
the feet, ankles, hands, or forearms of 75 rems
or more of radiation; or

(2) The release of radioactive material in concentra-
tions which, if averaged over a period of 24 hours,
would exceed 500 times the limits specified for
such materials in Appendix A, Table II, Part 9.0; or

{(3) A loss of one day or more of the operation of any
facilities affected; or

(4) Damage to property in excess of $1,000.

Any report filed with the Agency pursuant to this part
shall be prepared in such a manner that names of
individuals who have received exposure to radiation
will be stated in a separate part of the report.

Reports of Overexposures and Excessive Levels and
Concentrations.

(a)

In addition to any notification required by 3.13.4,
each registrant shall make a report in writing within
30 days to the Agency of:
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. (1) Each exposure of an individual to radiation or
concentrations of radioactive material in excess
_ of any applicable limit as set forth in this
L o part or as otherwise approved by the Agency; and

(2) Any incident for which notification is required
by 3.13.4; and

(3) Levels of radiation or concentrations of radio-
active material (not involving excessive -exposure
-of radiation doses to any individual) in an
-uneontrolled unrestricted area in excess of ten
(10) times any applicable limit as set forth in
this part or as otherwise approved by the Agency.

(4) Each report required under this paragraph shall
describe the extent of exposure of individuals
to radiation or to radioactive material, including
estimates of each individual's dose as required by
3.13.5(b); levels of radiation and concentrations
of radioactive material involved; the cause of
exposure, levels or concentrations; and corrective
steps taken or planned to assure against a recurrence.

(b) In any case where a registrant is required pursuant to
the provisions of this section to report to the Agency
any exposure of an individual to radiation or concentra-—
tions of radioactive material, the registrant shall no
later than the making of such report to the Agency also
notify such individual of the nature and extent of
exposure. Such notice shall be in writing and shall
contain the following statement:

"This report is furnished to you under the pro-
visions of the West Virginia Department of Health
regulations entitled "Radiological Health
Regulations'". You should preserve this report
for future reference".

(c) Any report filed with the Agency pursuant to this
section shall include for each individual exposed the
name, social security number, and date of birth. The
report shall be prepared so that this information is
stated in a separate part of the report.

3.14 VACATING PREMISES

3.14.1  Each registrant shall, no less than 30 days before vacating

or relinquishing possession or control of premises in which

radioactive material which he has registered has been stored

or used, notify the Agency in writing of intent to vacate and

afford the Agency the opportunity to survey the premises

for contamination. When deemed necessary by the Agency the
e registrant shall decontaminate said premises in such a manner

as the Agency may authorize and shall not vacate or relinquish

possession or control of said premises without written consent

of the Agency.
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4.01

4.02
(1)
(2)

(3)
(4)

(5)

(6)

(7)

(8)

PART 4.0

SPECEAL REQUIREMENTS FOR
RADIATION USAGE IN THE HEALING ARTS

SCOPE

This part establishes requirements for uwse-of X-—ray-producing
devices in the healing arts by a practitioner-licensed by-law-to
‘use or direct the use of such -deviees - in-the—course—of-his
Pprofessional practice or upon a prescription or—ether order -law-
fully issued in the course of his—prefessienal-praetiece— for which
a registrant is responsible, for use of X-ray equipment by or
under the supervision of an individual authorized by and licensed
in accordance with West Virginia statutes to engage in the healing
arts or veterinary medicine. The provisions of this part are in
addition to, and not in substitution for, other applicable pro-
visions of these regulations.

DEFINITIONS As used in this part, the following definitions apply:

Added Filtration means the filter added to the inherent filtration.

Aluminum Equivalent means the thickness of aluminum (type 1100 alloy)
affording the same attenuation, under specified conditions, as the
material in question. (The nominal chemical composition of type
1100 aluminum alloy is 99.00 percent minimum aluminum, 0.12 percent

copper.)

-Attenuatien means the-deerease-in—exposure rate of radiation-eaused

by passage through materiasl.
Barrier (See Protective Barrier)

Collimator means a device or mechanism by which the X-ray beam is
restricted in size.

Dead-man Switch means a switch so constructed that a circuit—-closing
contact can be maintained only by continuous pressure on the switch
by the operator.

Diagnostic—-type Protective Tube Housing means an X-ray tube housing
so constructed that the leakage radiation at a distance of 1 meter
from the target cannot exceed 100 milliroentgens in 1 hour when the

tube is operated at -any—ef-its—opeeified-ratinpgs its maximum con-

tinuous rated current for the maximum rated tube potential.

Diaphragm means a device or mechanism by which the X~ray beam is
restricted in size.

Filter means material placed in the useful beam ef-a-radiationmechine

to absorb preferentially +the-loss—ponetrating selected radiations.
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(2

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

Half-value Layer (HVL) means the thickness of -an—sbserber  required
-to—reduce—a-beamof—radiation—teo—enc—half-ites ineident expesure
~rate~ specified material which attenuates the beam of radiation

to an extent such that the exposure rate is reduced to one-half of
its original value.

Inherent Filtration means the filtration permanently in the useful
beam due—-to—the—window—of-the X-raytube and eny—permenent—tube-

~enelogured it includes the window of the X-ray tube and any
permanent tube or source enclosure.

Interlock means a device for precluding access to an area of
radiation hazard either by preventing entry or by automatically
removing the hazard.

Kilovolts Peak (kvp) means the crest value in kilovolts of the
potential of a pulsating potential generator. When only one-half
of the wave is used, the value refers to the useful half of the wave.

Lead Equivalent means the thickness of lead affording the same
attenuation, under specified conditions, as the material in questionm.

Leakage Radiation means =3+ radiation -eeming from-within the-tube’
housing-encopt-the-useful beam emanating from the diagnostic or

therapeutic source assembly (excluding capacitor discharge machines)

except for:

(a) the useful beam; and

(b) radiation produced when the exposure switch or tlmer is not
activated.

Primary Protective Barrier (See Protective Barrier)

Protective Apron means an apron made of radiation absorbing -attenwatins—
materials used to reduce radiation exposure.

Protective Barrier means a barrier of radiation absorbing ettenvatins
materials used to reduce radiatiom exposure.

(a) Primary Protective Barrier means -e—barsier suffieient—te—attonuate-
the—useful-besmto—the-roquired-desree. the material, excluding

filters, placed in the useful beam, for_protectlon purposes, to
reduce the radiation exposure.

(b) Secondary Protective Barrier means a barrier sufficient to
attenuate the stray radiation to the required degree..

Protective Glove means a glove made of radiation absorbing -eteenuveting
materials used to reduce radiation exposure.

Qualified Expert means an individual who has demonstrated to the
satisfaction of the Agency that he possesses the knowledge and training
to measure ionizing radiation, to evaluate safety techniques, and to
advise regarding radiation protective needs.
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(20) Registrant, as used in this part, means any person who owns_or
bossesses and administratively controls an X-ray system which
is used to deliberately expose humans or amimals to the usaful
beam of the system and is required by the provisions of Parts
1.0 and 2.0 of these regulations to register with this Agency.

203 . feor—s ead £

(21) Scattered Radiation mouns radiation that, during passage through
matter, has been deviated in direction.

(22) Secondary Protective Barrier (See Protective Barrier)

(23) Source-image Distance (SID) means the distance from the source to
the center of the input surface of the image receptor,

(24) Therapeutic—type Tube Housing means: -ap-X-rey—tubehousing-go-

(a) For X-ray therapy equipment not capable of operating at

500 kVp or above, the following definition applies: An
X~ray tube housing so constructed that the leakage
radiation averaged over any 100 cm? area at a distance of
one meter from the source does not exceed one roentgen in
an hour when the tube is operated at its maximum rated
continuous current for the maximum rated tube potential.

(b) For Ters- +-- nable of operatina at
500 kVp or ab; ! ;?lLﬁ"lﬂﬂ definition appnlies: An
X-ray tube houq1ng s¢_constructed that the leakage
radiation averaged over any 100 cmé area at a distance
of one meter from the source does not exceed 0.1 percent
of the useful beam dese rate at one meter from the source
for any of its operating conditions,

(25) Useful beam means +thet—pa=t—of the radiation which passes through

the wzndows~—aperture——tﬂﬂf-af—ethef—eell&maeéﬂg-éeviee—eé—ﬁae

tube~housing tube housing port and the aperture of the beam-
limiting device when the exposure switch or timer is activated.
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4.03 USE OF X-RAY EQUIPMENT IN THE HEALING ARTS

4.03.1 General Safety Provisions

(a)

(b)

E]

Use

(1) The registrant shall assure that all X-ray
equipment under his control is operated only
by individuals adequately instructed in safe
operating procedures and competent in safe use
of the equipment.

(2) The registrant shall provide safety rules to
each individual operating X-ray equipment under
his control, including any restrictions of the
operating technique required for the safe
operation of the particular X-ray apparatus, and
require that the operator demonstrate familiarity
with these rules.

Shielding. Each installation shall be provided with
such primary barriers and/or secondary barriers as
are necessary to assure compliance with Sections 3.02,

3.02.5, and 3.03. This—requirement—shall-bo-deemad
o1 e $f 41 hial e Lt ;




~Windows—window—fromes;—deors;—and—door—frames—shaltd

Jave tho game. Joad equivalence as. that required of the

saddaeeywall

Holteg—in-proteetive—bearricrs-shall be covered so—that

(c) Prohibited Use. No registrant shall operate or permit
the operation of X-ray equipment unless the equipment
and installation meet the applicable requirements of
these regulations.

(d) New Equipment. Diagnostic X-ray systems for use on
humans, and the following components manufactured or
assembled after the effective date of the Federal
performance standard designated as Title 42, Code of
Federal Regulations Part 78 shall be subjected to the
provisions _of said standards: Tube housing assemblies, .
X-ray controls, X-ray high voltage generators, Fluoro-
scopic imaging assemblies, Tables, Cradles, Film
changers, Cassette holders, and Beam-limiting devices, .

4.03.2 Fluotroscopic Installations

(a) Equipment
(1)  The tube housing shall be of the diagnostic type.

{2) fhe tarpet-to- panel or target—to-table top dis~-

' Tioolx of the equipment shall not be less than
i lva (]2) “inches. -and—shoultd-not-belese—than
Fifreen—G35 ) S3nehes

(3) The total filtration permanently in the useful
beam, -shall-not—be less—than 2.5 millinaters-
aluminum—eguivvalent, Thig—requirement—may—be
assumed—to—have-been—met—if-the—halti-velue—layer
is—not—tess—thanr2-S5millimeters aluminum-ad-
wnormal operating weltages~ including the aluminum

equivalent of table top or panel, shall not be
dless than the appropriate value recommended in Table 4-2.

(4) The equipment shall be so constructed that the
entire cross-section of the useful beam is
attenuated by a primary barrier (usually a con-
ventional fluoroscopic screen ‘or an image
intensification mechanism). The exposure shall
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(5)
(6)

automatically terminate when the barrier is
removed from the useful beam.

(1) For equipment installed after the effective
date of this part the required lead equivalent
of the barrier shall not be less than 1.5 milli-~
meters for up to 100 kVp, 1.8 for greater than
100 and less than 125 kVp and 2.0 millimeters
for 125 kVp or greater.

(ii) Collimators shall be provided to restrict

the size of the useful beam to less than the

area of the barrier. For conventional fluoroscopes
this requirement is met if, when the adjustable
diaphragm is open to its fullest extent, an
unilluminated margin is left at all edges of the
fluorescent screen with the screen centered in the
beam at a distance of thirty-five (35) centimeters
(fourteen {14} inches) from the panel or table top.
The margin requirement does not apply to installa-
tions where image intensifiers are used, but a
shutter shall be provided at these installations so
that the lenpgth and width of the useful beam is
restricted to the diameter of the input phosphor.

(iii) The tube mounting and the -bessiesr viewing
device shall be so linked together that, under
conditions of normal use, the barrier always
intercepts the entire useful beam.

(iv) Collimators and adjustable diaphragms or
shutters to restrict the size of the useful beam
shall provide the same degree of protection as is
required of the housing.

The exposure switch shall be of the dead-man type.

A manual-reset, cumulative timing device activated
by the exposure switch shall be used which will
either indicate elapsed exposure time by an
audible signal or turn off the apparatus when the
total exposure time exceeds a predetermined limit
not exceeding 5 minutes in one or a series of
exposures.
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(7) A shielding device of at least 0.25 millimeter _
lead equivalent -shrouwld—shall be provided for o -
covering the Bucky—slot durlng fluoroscopy.

(8) Protective drapes, or hinged, ox sliding panels,
of at least 0.25 millimeters lead equivalent,
“howld- shall be provided between the patient and
fluoroscopist to intercept scattered radiation
which would otherwise reach the fluoroscopist .
imd others near the machine. Such devices shall
not substitute for wearing of a protective apron.

(9) Protective aprons of at least 0.25 millimeters
lead equivalent shall be worn in the fluoroscopy

room by each person, -whese—trunk is oxposed-to

~S—mefhe-or-more except the patient.

(10) For routine fluoroscopy, the exposure rate
measured «at—the—panel ortable—teop—shouid-be
as-low—as praeticable-and where the useful beam
enters the patient shall not exceed ten (10)

roentgens per minute.

(11) Mobile fluoroscopic equipment shell--meet—the
. , £ thi . lieab] ]
exeept—thati- 1s subject to the following :
additional requirements:

(i) 1In the absence of a table top, a cone or
spacer frame shall limit the taxget source-to-—

skin distance to not less than thirty (30)
centimeters {twelve (12) inches}.

(ii) TImage intensification shall always be
provided. Conventional fluoroscopic screens
shall not be used.

(iii) It shall be impossible to operate the
machine unless the useful beam is intercepted
by the image intensifier.

(iv) The exposure rate measured at the minimum
~target source-to-skin distance shewtd-be—as—tow
-as—praetieable—but shall not exceed ten (10)

roentgens per minute.

4.03.3 Diagnostic Radiographic Installations Other Than Dental and
Veterinary Medieine-Medical

(a) Equipment .

(1) The protective tube housing shall be of the
" diagnostic type.

-4~




. (2) -Biephrepmos—eoresor—adiustable Collimators
© capable of restricting the useful beam to the
_ area of clinical interest shall be provided
. for—eollimating-the—useful to define the beam
: and shall provide the same degree of proteection
attenuation as is required of the protective tube
housing. Collimators used with photofluorographic
‘devices shall restrict the useful beam to the
area of the photofluorographic screen..

(i) Collimators shall be calibrated in terms of
the size of the projected useful beam at specified
source—film distances.

(i1) Except for stereoradiographv, the size of

the useful beam (rectangular) shall not exceed any -
one of the dimensions of the film by more than two
(2)_dinches for a source—film distance of thirty-
seven (37) inches or greater or ome (1) inch for

a source—film distance of thirty-six (36) inches

or less. The size of the useful beam (circular)
shall not exceed any one of the dimensions of the
film by more than two (2) inches for a source-film
distance of thirty-seven (37) inches or greater

or one (1) inch for a source-film distance of
thirty-six (36) inches or less. For photofluoro-
graphic equipment, the size of the useful beam shall
be restricted to the area of the photofluorographic
screen,

(iii) Adjustable collimators installed after the

" effective date of these repulations shall incorporate
light beams to define the projected dimensions of
the useful beam.

(3) (i) The aluminum equivalent of the total filtration
(inherent plus added) in the primary beam shall not
be less than shown in Table 4-1, except when
contraindicated for a particular diagnostic procedure:

TABLE 4-1
FILTRATION REQUIRED VS. OPERATING VOLTAGE

Minimum Total Filtration

Operating Voltage (kVp) (Inherent plus added)
Below 50 kvVp 0.5 millimeter
50-70 kvp 1.5 millimeters

Above 70 kVp 2.5 millimeters
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(ii) If the filter in the machine is not
accessible for examination, -aad or the total

filtration is unknown, the—half-waluelayer

of-the nseful bean should-bo-measured,

| -Recommendation 4 .03, 5(a) {3} may-be—assumed-—to- )
| have—beea-it can be assumed that the require-

ments of 4.03.3(3)(i) are met if the half-value

layer is not less than shown in Table 4-2.
O6-—millimeters—aluminum-whon—the X-roy tube-

TABLE 4-2

Half-value Layers as a Function of Filtration
and Tube Potential for Diagnostic Units

ggiziation Peak Potential (kVp)
mm AL, 30 40 50 60 70 80 90 100 110 120
Typical Half-value lLayers in Millimeters of Aluminum N
0.5 0.36 0.47 0.58 0.67 0.76 0.84 0.92 1.00 1.08 1.16 .
1.0 0.55 0.78 0.95 1.08 1.21 1.33 1.46 1.58 1.70 1.82
1.5 0.78 1.04 1.25 - 1.42 1.59 1.75 1.90 2.08 2,25 2.42
2.0 0.92 1.22 1.49 1.70 1.90 2.10 2.28 2.48 2,70 2.90
2.5 1.02 1.38 1.69 1.95 2.16 2.37 2.58 2.82 3.06 3.30
3.0 . - 1.49 1.87 2.16 2.40 2.62 2.86 J.12 3.38 3.65
3.5 - 1.58 2.00 2 3.12 3.40 3.68 3.95

.34 2.60 2.86

(4) A device shall be provided «e which terminates
the exposure aftex at a preset time interval or
exposure. If a recyecling timer is emploved, it
shall not be possible to make a repeat exposure
without release of the exposure switch to reset
the timer,

(5) A—dead-man—typaof-axposure switeh shall-beeo
arranged thatit-cannotbe-conveniently
1 L hielded g
switehes—for—opot—Film' devicesusedin
conjunction—with—£fluorescopictables ara
exempted-from-this-shielding requirement.

(5) The exposure switch, except for those used in
cinefluoroscopy or in conjunction with "spot film"
devices in fluoroscopy, shall be so arranged that
it cannot be counveniently operated outside a
shielded area.
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(b)

(6)

(7)

(1) The control panel shall include a device,
' e.g., a milliammeter) €e which will

give positive indication of the production of

X~rays whenever the X-ray tube is energized.

(i1) The control panel shall include appropriate
devices, e.g., labeled control settings and/or
meters, indicating the physical factors (such as
kVp, mA, exposure time or whether the timing is
automatic) uséd for the exposure.

Machines equipped with beryllium window X~-ray

tubes shall contain keyed filter interlock switches
in the tube housing and suitable indication on the
control panel of the added filter in the useful
beam if the total filtration permanently in the
useful beam is less than 0.5 mm aluminum equivalent,

The total filtration permanently in the useful
beam shall bhe clearly indicated on the tube housing.

Structural Shielding

(1)

(2)

(3)

(4)

All wall, floor, and ceiling areas -exposed—to struck

by the useful beam shall have primary barriers.

Primary barriers in wallsg shall extend to a minimum

height of eighty-four(84) inches seven (7) feet

above the floor.

Secondary barriers shall be provided in all wall,
floor, and ceiling areas not having primary
barriers.

The operator's station at the control shall be

behind a protective barrier-ei%he#—ia—ahsepa;ate

b
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the-tube—while outside—the protective barrier.
sufficient to assure compliance with 3.02 and
3.02,5. Provisions shall be made for the operator

to communicate with the patient from the operator's
station.

A window of lead-equivalent glass equal to that
required by the adjacent barrier, or a mirror
system, shall be provided and it shall be large
enough and so placed that the operator can see
the patient during the exposure without having to
leave the protected area.

(¢) Operating Procedures

(1

When a patient must be held in position for
radiography, mechanical supporting or restrain-
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(2)

(3)
(4)

(5)

ing devices should be used. If the patient must
be held by an individual, that individual shall

.be protected with appropriate shielding devices

such as protective gloves and apron and he shall
be so positioned that no part of his body sexeapt
'hﬂﬁdﬁ—ﬂﬂdfa¥m6~will be struck by the useful beam.

Only individuals required for the radiographic
procedure shall be in the radiographic room

during exposure; and except for the patient,

all such persons shall be equipped with appropriate
protective devices.

The useful beam shall be restricted to the area
of clinical interest.

Personnel monitoring shall be required for all
individuals operating photofluorographic equipment.

Gonadal shielding of not less than 2.5 mm lead equivalent

shall be used for patients who have not passed the
reproductive age during radiographic procedures in
which the gonads are in the direct (useful) beam,
except for cases in which this would interfere with
the diagnostic procedure.

4.03.4 Special Requirements for Mobile Diagnostic Radiographic
Installations Bquipment

(a) Equipment

(1)

(2)

(3)

All requirements of -Beetion- 4.03.3(a) apply
except 4.03.3(a)(5).

The exposure control switch shall be of the dead-
man type and shall be so arranged that the
operator can stand at lecast six (6) feet from the
patient, the X~ray tube, and well away from the
useful beam.

Inherent provisions shall be made so that the
equipment is not operated at source-to-skin
distances of less than twelve (12) inches (30 cm).

(b) Structural Shielding

(1)

When a mobile unit is used routinely in one
location, it shall be considered a fixed installa-
tion subject to the shielding requirements of
speedided-—in 4.03.14d>(b) and 4.03.3(b).

b~
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(¢) Operating Procedures

(1) All provisions of Beetien 4.03.3(c) apply
except 4.03.3(c)(2) and 4.03.3(c)(4).

(2) Personnel monitoring shall be required for all
individuals operating mobile X-ray equipment.

4.03.5 Dental Radiographic Installations
(a) Equipment

(1) The protective tube housing shall be of the
diagnostic type.

(2) Diaphragms or cones shall be used for -eellimating
restricting the useful beam and shall provide
the same degree of protection as the housing.
The diameter of the useful beam at the end of the
cone ip- shall be not more than three (3) inches
for intraoral radiography.

(3) A cone or spacer frame shall provide a te¥get-
- source-to-skin distance of not less than seven
(7) inches with apparatus operating above fifty
(50) kvp or four (4) inches with apparatus
operating at fifty (50) kvp or below for 1ntraora1
radiography.

(4) %of—eqa&pmea£—eperat1ng-upnée—JG—kvp7—%he—Eet&}
+ileration—permenently-—in—the useful beamshall
-be—equivelent—te-at—least—15-mm-of—aluminum—Thic.
~requirerment-—may-be -ascumed -—to-have -been—met,—if—the-
4ﬁ£k£-va%uemiayer»i&~n0%—&eﬂs—fﬁﬂﬁ—&wémﬂmrﬂfkuaiﬁua-
-atRormal-operating—voliagos.e

(4) (i) The aluminum equivalent of the total filtration
(inherent plus added) in the useful beam shall not
be less than that shown in the following table:

TABLE 4-3
FILTRATION REQUIRED VS. OPERATING VOLTAGE
Operating Voltage Minimum Total Filtration (Inherent plus added)
Below 50 kVp 0.5 millimeter
50-70 kVp 1.5 millimeters
Above 70 kVp 2.5 millimeters
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(ii) If the filter in the machine is not access-
ible for examination or the total filtration is -
unknown, it can be assumed that the requirements

- of 4.03.5(a)(4)(i) are met if the half-value layer
is not less than that shown in the following table:

‘ TABLE 4-4
Half-value Layers as a Function of Filtration and Tube Potential
Total Peak Potential (kVp)
Filtration
mm Al. 45 50 70 90 100

Typical Half-value Layers in Millimeters of Aluminum

0.5 0.5 0.6 0.8 0.9 1.0
1.0 0.9 0.9 1.2 1.5 1.6
1.5 1.2 1.2 1.6 1.9 2.1
2.0 - 1.5 1.9 2.3 2.5
2.5 - 1.7 2.2 2.6 2.8

~5)—~For-equipment-operating- abeve~49~kvp~+fhe—%eea&~
- filtration—permanentiy-—inthe useful-beam—shall .
‘be-equivalent-to--at-teast2-5-mmof-atluminums
This-requirement-may be-assumed-to—have—been—met
if -the—hatf—vatue - layer—is-ﬂﬁt—}es&*ﬂﬂﬂr4kékﬂmr o
-aluminum at the—normalmoperﬂi1ng—veiﬁages1

(5) A device shall be provided to terminate the
exposure after a preset time interval or exposure.
The exposure switch shall be of the dead-man type.

(6) Each installation shall be provided with a protec-
tive barrier for the operator or shall be so
arranged that the operator can stand at least six
(6) feet from the patient and well away from the
useful beam.

(7) The tube head shall remain stationary when placed
in the exposure position.

«H—A—meechines—purehased-after—theeffeetive—date—of
‘these-regulations—shall be-equipped-with open=end-
reeléimatiag—eeaesw_

(b) Structural Shielding

(1) Dental rooms containing X-ray machines shall be

provided with such primary barriers .at—all-areas
. struel-by-the—useful-beaw. and/or secondary

barriers as are necessary to assure compliance
with 3.02.1, 3.02.4 and 3.02.5. No approval by
the Agency 1s required if it can be shown upon
request by the Agency that the limits in 3.02.5(b)
will not be exceeded.
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- NOTE: 1In many cases, structural materials of
ordinary walls suffice as a protective barrier
without addition of special shielding material.

(c) Operating Procedures

(1) (i) VNeither the dentist nor his assistant shall
-he-permitted-+te hold patients or films during
exposure, nor shall any individual be regularly
used. for this service. '

(ii) Only persons required for the radiographic
procedure shall be in the radiographic room during

exposures.

(2) During each exposure, the operator shall stand
as far as practical from the patient and outside
the path of the useful beam or behind a suitable

barrier. at-least—six—{6) feet—£from-the-patient

(3) Only the patient shall be in the useful beam.

(4) Neither the tube housing nor the -pointer cone
shall be hand-held during the exposure. -

(5) Fluoroscopy shall not be used in dental examina=-
tions.

4.03.6 Therapeutic X-ray Installations
(a) Equipment

(1) The protective tube housing shall be of the
therapeutic type.

(2) Permanent diaphragms or cones used for colli-
mating the useful beam shall afford the same
degree of protection as the tube housing.
Adjustable or removable beam defining diaphragms
or cones shall transmit not more than five (5)
percent of the useful beam asdetermined by
-measuring -the exposure -rate at the maximum

kilovoltage and with maximum treatment filter.

(3) Filters shall be secured in place to prevent
them from dropping out during treatment. The
filter slot shall be so constructed that the
radiation escaping through it does not exceed
one (1) roentgen petr hour at ome (1) meter, or,
if the radiation from the slot is accessible
to the patient, thirty (30) roentgens per hour
at five (5) centimeters from the external
opening. Each removable filter shall be marked
with its thickness and material.
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(4) A filter indication system shall be used on all
therapy machines using changeable filters. It -
shall be designed so as to permit easy recognition '
of any added filter in place. It shall indicate, _
from the control panel, the presence or absence . -
of any filter.

(5) The X-ray tube shall be so mounted that it cannot
turn or slide with respect to the housing aperture.

(6) Means shall be provided to immobilize the tube
housing during stationary portal treatment.

(7) A suitable exposure control device Lo, g, -an
automatie timer; exposure—meter oy -dogse-meter)
shall be provided to terminate the exposure after
a preset time interval or preset exposure or dose
limit. Means shall be provided for the operator
to terminate the exposure at any time.

(8) Equipment utilizing shutters to control the use-
ful beam shall have a shutter position indicator
on the control panel.

§:)) There shall-be -on-the--control -panel--an-easily
wiscernible dndicator-(usually e-milliammeter)
-whieh-will-give a-positive indiecation-as—to-
when-the X-ray-tube -is-energizad..

(9) The control panel shall include a device which will
give positive indication of the production of X-rays

whenever the X-ray tube is energized.

(b) Structural Shielding

(1) All wall, floor, and ceiling areas that can be
struck by the useful beam shall be provided with
primary protective barriers.

(2) All wall, floor, and ceiling areas that, because
of restrictions in the orientation of the useful
beam, cannot be struck by the useful beam shall
be provided with secondary protective barriers.

(3) With equipment operating at voltages above one
hundred and twenty-five (125) kVp, the required
barriers shall be an integral part of the building.

(4) With equipment operating above one hundred and
fifty (150) kVp, the control station shall be v
within a protective booth equipped with an inter-
locked door, or outside the treatment room.
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(5) Interlocks shall be provided for X-ray therapy

equipment capable of operating above 150 kvp

' so that when any door of the treatment room is

) opened either the machine will shut-off auto-
matically or the radiation level within the
room will be reduced to an average of not more
than two (2) williroentgens per hour and a
maximum of ten (10) milliroentgens per hour at
a distance of one (1) meter in any direction
from the target. AFfter such shut-off or reduc-
tion in output it shall be possible to restore

the machine to full operation only from the control
panel.

46)—Provision -shall be made . to- permit—continueus
obse;vatieameﬁnpatients~duringuiffadiationr

—(?)L_Windowsy-mirror systems, -0r—closed-cireudt tele—
nvisionmviewing~sereens~used—£or*9bse;viﬂg—the
patientshall be-so-located that—the-operator—may
-see—the-patient-and the eontrel panel—fromthe
-gama-positicn.

(6) Windows, mirror systems, or closed-~circuit tele-
vision viewing scrcens shall be provided to permit
continuous observation of the patient during
irradiation and shall be so located that the
operator may see the patient and the control
panel from the same position.

(7) 7Provision shall be made for oral communication
with the patient from the control room.

(8) Treatment rooms to which access is possible through
ore than one entrance shall be provided with
flashing warning lights in a readily observable
position near the outside of all access doors,
which will indicate when the useful beam is "on".

(c¢) Operating Procedures

(1) All new installations, and existing installations
not previously surveyed, shall have a protection
survey made by, or under the direction of, a
qualified expert. This shall also be done after
any change in the installation which might
produce a radiation hazard. The expert shall
report his findings in writing to the person in
charge of the installation, a copy of which shall
-sheuld be made available for inspection by 4o the
Agency.
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(2) The installation shall be operated in compliance

with any limitations indicated by the protection
survey,

(3) When a patient must be held in position for
radiation therapy, mechanical supporting or
restraining devices shall be used whenever
feasible. If the patient must be held by an
individual, that individual shall be adequately
protected and he shall be positioned so that ne
part of his body,-exeepe—h&&ds—eﬂé—&fm&, will
be struck by the useful beam and that his body
is as far as possible From the edge of the useful
beam. The-expesure of Any individual used for
this purpose shall be menitered. . provided with
personnel monitoring.

(4) The output of each therapeutic X-ray machine
shall be calibrated by, or under the direction
of, a qualified expert. The calibration shall
be repeated after any change in or replacement
of components of the X-ray generating equipment
which could cause effeet a change in X-ray output.
Check calibrations shall be made at least once a
year thereafter. Records of calibration shall
be maintained by the ewaeos registrant. Recalibra-
tion shall be performed at least once in every
calendar year except that recalibration is not
required when spot checks are made and a log record
made of these spot checks. Spot checks shall be
made and recorded at least monthly or after every
fifty (50) operating hours, whichever is the longer
time interval. A spot check measurement consists
of determining the exposure rate or dose rate of
a quantity related in a known manner to these
entities for ome typical set of operating conditions.

4.03.7 Special Requirements for X-ray Therapy Equipment Operated
at Potentials of Sixty (60) kVp and Below

(a) Equipment., A1l provisions of Seetion 4.03.6(a) apply
except that leakage radiation 5 cm from the surface
of the tube housing shall not exceed 0.1 roentgen per
hour.

(2) 'Tthe~ﬁhﬂ§ﬂr4H&—6ﬂ~Ehe~e6ﬂ£¥e%—pﬂﬂel—Bﬂme‘€HH¥EEF
-discerniblemdevicewCu&uﬂl&y~&-mi%%iﬂﬂm&5&¥},
-which-willwgive~positive_iﬂdieatieﬂ—wheﬂ*ehe
‘tube-is-enerpised,

(b) Operating Procedures

(1) Automatic timers shall be provided which will -
permit accurate presetting and termination of
exposures as short as one second. i
(2) 1In the therapeutic application of apparatus ;
constructed with beryllium or other low- |




. filtration windows, the registrant shall insure
that the unfiltered radiation reaches only the
part intendcd and that the useful beam is

. ' blocked at all times except when actually being
used.

(3) Machines having an output of more than 1,000
roentgens per minute at any accessible place
shall not be left unattended without the power

being shutoff at the primary main disconnect
#weans- switch in addition to the control panel
switch.

(4) If the tube #&~must be hand-held during
irradiation, the operator shall wear protective
gloves and eprens. a protective apron of no less
than 0.5 millimeter lead equivalent.

4.03.8 Veterinary Medieine Medical Radiographic Installations
(a) Equipment

(1) The protective tube housing shall be of dlagnostlc
type.

(2) Diaphragms or cones shall be provided for
collimating the useful beam to the area of
clinical interest and shall provide the same
degree of protection as is required of the
housing.

{3)—Encept—when-contraindiecated for-a—particular
radiegraphic purpose,-the total-filteration
permanently-in—the useful-beam-shall-net-be-less
{hmllriﬂﬂlkﬂﬁmeﬁ&4&%&HHHPE&EH@L&H&£&F_
-equipnent—operating up—te—f0-twvp--and-—2-0-milli—
meters—alueinun equivalent for-machines—eperated
in-execess-o0f—20-Lkvp.

(3) The total filtration permanently in the useful
beam shall not be less than 0.5 millimeters
aluminum equivalent for machines operating up
to 50 kVp, 1.5 millimeters aluminum equivalent
for machines operating between 50-70 kVp and
2.5 millimeters aluminum equivalent for machines
operating above 70 kVp.

(4) A device shall be provided to terminate the
exposure after a preset time or exposure.

(5) A dead-man type of exposure switch shall be pro-
vided, together with an electrical cord of sufficient
" length so that the operator can stand out of the use-
ful beam and at least six (6) feet from the animal
during all X-ray exposures,
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(b) Structural Shielding

(1) All wall, ceiling, and floor areas shall be
equivalent to or provided with applicable pro-
tective barriers as required in Seetien ;
4.03.3(b)(1) and 4.03.3(b)(2).

(¢) Operating Procedures

(1) The operator shall stand well away from the
useful beam twbe-housing and the animal during
radiographic exposures. Prowisions-shall--be
-made-so- that-the-operater-will-not-be—required
to—stand--in--the- useful -beam.—Hand-held-£luore-
scopic—sereens-shall not -be used,— The—tube
-housing-ehall-not-be—held- -by—the—-operator— Neo
<“individual-other-than-the-operater—shell-—be—in

-the-X—ray -room while-exposures—are-being—made-
vunless-su@h—aad;vxdual—s~assxstanee~1sh;equ*¥ed

£2)— 1 14 . ; hieh—td | e}
-assisting-individual-is—not-loeated-behind-a—pro—
-teotive-barrier,-clotbingTeonsiGEing_9£—a—p¥9-
tective-apron-having -a-lead-equivalent—of-not
ﬂless~ebanwOTénmi&iime&ef—sha}1~be-werﬁ—by—€he—
-operator--and-aay-other—individuals—in the-room
-during-exposures.,

(2) No individual other than the operator shall be
in_the X-ray room while exposures are being made
unless such individual's assistance is required.

(3) When an animal must be held in position fe¥x—an
-exposure; during radiography; mechanical supporting
or restraining devices shedl should be used.

- whenever—feasible. ' If the animal must be held by
an individuwal, that individual shall be adegquately
protected with appropriate shielding devices, such
as protective gloves and apron, and he shall be s0
positioned that no part.of his body e*eept—haads

aad~a;ms will be struck by the useful beam. end
+h

-the -useful beam. The—expesure—of Any individual

used for this purpose shall be meonitered. provided
with personnel monitoring.




PART 5.0
USE OF SEALED RADIOACTIVE SOURCES
IN THE HEALING ARTS

5.01 SCOPE

The provisions of this Part apply to all registrants who use
scaled sources in the healing arts and are in addition to, and not
in substitution for, other applicable provisions of these regulations.

5.02 SPECIAL REQUIREMENTS FOR THE USE OF SEALED RADIOACTIVE SOURCES
IN THE HEALING ARTS

5.02.1 Interstitial, Intracavitary, and Superficial Applications

(a) Accountability, Storage, and Transit

(1) Except as otherwise specifically authorized by
the Agency, each registrant shall provide
accountability of sealed sources and shall
keep a permanent record of the issue and
return of all sealed sources. A physical
inventory shall be made at least every six (6)

. months and a writteén record of the inventory
maintained. '

(2) When not in use, sealed sources and applicators
containing sealed sources shall be kept in a
protective enclosure of such material and wall
thickness as may be necessary to assure com~
pliance with the provisions of Seetiens 3.02,
3.02.5 and 3.03.

(b) Testing Sealed Sources for Leakage and Contamination
- T . tmohall def . led
for—Tent : . . .

-might—have beendomaged,—it shall be tested foxr
deakage-before further uce.

(1) All sealed sources with a half-life greater than
thirty days and in any form other than gas shall
be tested for leakage and/or contamination prior
to initial use and at intervals not to exceed
six (6) months. If there is reason to suspect

" that a sealed source might have been damaged, or
might be leaking it shall be tested for leakage
- before further use.
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(2)

(3)

Leak tests shall be capable of detecting the
presence of 0.005 microcurie of remowable con=

ductad pursuant-to-Seetion ‘;_n7'1(b) l;'lh':{"‘h
reveals the presence of 0 005 microcuria or

e 11 . . T
(14 ; iy 1 1 1od .
deaking. radiocactive material on the test
sample or, in the case of radium, the escape of
radon at the rate of 0.001 microcurie per 24
hours. Any test conducted pursuant to 5.02.1(b) (1)
which reveals the presence of 0.005 microcurie or
more of removable contamination or, in the case
of radium, the escape of radon at the rate of
0.001 microcurie or more per 24 hours shall be
considered evidence that the sealed source is
leaking. The registrant shall immediately with-
draw the leaking source from use and shall cause
it to be decontaminated and repaired or to be
disposed of in accordance with appllcable pro-
visions of Part 3.0.

Leak tests results shall be recorded in units of
microcuries and maintained for inspection by -the

Agency.

The maximum radiation level at a distance of one (1)
meter from the patient in whom brachytherapy
sources have been inserted shall be determined

by measurement or calculation and preferably

both. This radiation level shall be entered on

the patient's chart and other 51gns as required

The radiation levels in the patient's room and
surrounding areas shall be determined, recorded,
and maintained for inspection by the Agency.

Immediately after the removal of the brachytherapy
source(s), the patient shall be surveyed with an
appropriate radiation survey instrument to insure
that all sealed radioactive sources have been
removed. Results of the survey shall be recorded
in the source utilization log and maintained for
inspection by the Agency.

(c) Radiation Surveys
(1)
under 5.02(d4).
(2)
(3)
(d) Signs and Records
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(1)

(2)

In addition to the requirements of 3.06, the

bed, cubicle, or room of the hospital brachy-

therapy patient shall be marked with a sign

indicating the presence of brachytherapy sources.

This sign shall incorporate the radiation symbol
and specify the vradionuclide, the activity, date,

and the individual(s) to contact for radiation

safety instructions. The sign is not required

provided the exception in 3.06.5(b) is met.

The following information shall be included in
the patient's chart:

(i) The radionuclide administered, number of
sources, activity in millicuries and the time and

date of administration;

(ii) The maximum radiation level at 1 meter from
the patient, the time the determination was made

and by whom;

(iii) The radiation symbol; and,

(iv) The precautionary instructions necessary to
assure that the exposure of individuals does not

exceed that permitted under 3.02.

5.02.2 ° Teletherapy

(a) Equipment

(1)

(2)

(3)

The housing shall be so constructed that, at
one (1) meter from the source, the maximum
exposure rate does not exceed ten (10) milli-
roentgens per hour when the beam control
mechanism is in the "off" position. The
average exposure rate measured at a
representative number of points about the
housing, each one (1) meter from the source,
shall not exceed two (2) milliroentgens per
hour. '

For teletherapy equipment installed after the
effective date of these regulations, the leak-
age radiation measured at omne (1) meter from
the source when the beam control mechanism is
in the "on" position shall not exceed one (1)
roentgen per hour or 0.1 percent of the
exposure rate of the useful beam.

Adjustable or removable beam-defining diaphragms
shall allow transmission of not more than five
(5) percent of the exposure rate of the useful
beam.
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(4) The beam control mechanism shall be of a
positive design capable of acting in any
position of the housing. In addition to an
automatic closing device, the mechanism shall ..
be designed so that it can be manually returned
to the "off" position with a minimum risk of
exposure.

(5) The closing device shall be so designed as to
return automatically to the "off" position in
the event of any breakdown or interruption of
the activating force and shall stay in the “off"
position until activated from the control panel.

(6) When any door to the treatment room is opened,
the beam control mechanism shall automatically
and rapidly restore the unit to the "off"
position and cause it to remain there until
the unit is reactivated from the control panel.

(7) There shall be at the housing and at the control
panel a warning device that plainly indicates
whether the beam is on or off.

(8) The equipment shall be provided with a locking .
device to prevent unauthorized use.

(9) The control panel shall be provided with a ; M
timer that automatically terminates the
exposure after a preset time.

(10) Teletherapy sources shall be tested for leakage
and contamination in accordance with the pro-
cedures described in 5.02.1(b) except that the -
leak tests shall be capable of detecting 0.005
microcurie of removable contamination, and a
source shall be considered to be leaking if
the test reveals the presence of 0.005 micro-
curie or more of removable contamination. Tests
of leakage may be made by wiping accessible sur-
faces of the housing port or collimator while the
source is in the "off" position and measuring
these wipes for transferred contamination.

(b) Shielding

(1) Primary protective barriers shall be provided
for any area that the useful beam may strike
when using the largest possible diaphragm open-
ing. Such barriers should extend at least one
(1) foot beyond the useful beam for any
possible orientation.
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(2)

(3)

Secondary protective barriers shall be
provided for all occupied areas exposed to
leakage and scattered radiation.

Provision shall be made to permit continuous
observation of patients during irradiation.

(¢) Operation

(1)

No individual who is occupationally exposed to
radiation shall be in the treatment room
during irradiation unless he is the patient.
No other individual shall be there except

when it is clinically necessary.
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6.01

6.02

(1)

(2)

&)

(4)

&)

PART 6.0

RADIATION SAFETY REQUIREMENTS FOR
INDUSTRIAL RADIOGRAPHIC OPERATIONS

PURPOSE AND SCOPE

6.01.1 The regulations in this part establish radiation safety
requirements for persons using sources of radiation for
industrial radiography. The requirements of this part
are in addition to and not a substitute for other require-
ments of these regulations. Except for those sections
clearly applicable to sealed radioactive sources, both
sealed sources and radiation machines are .covered by
this part.

6.01.2 This part applies to all registrants who use sources of
radiation for industrial radiography; provided, however,
that nothing in this part shall apply to uses of
radiation sources in the healing arts.

DEFINITIONS

Cabinet Radiography means industrial radiography using radiation
machines, or equipment, which is conducted in an enclosed, interlocked
cabinet, such that the radiation machine will not operate unless all
openings are securely closed, and which cabinet is so shielded that
every location on the exterior meets all radiation level requirements
conditions for an uneemtrelled unrestricted area as specified in

3.03.

Industrial Radiography means the macroscopic examination of the o
structure of materials by nondestructive methods utilizing source
of radiation.

Radiographer means any individual who performs or who, in attendance
at the site where sources of radiation are being used, personally
supervises industrial radiographic operations and who is responsible
to the registrant for assuring compliance with the requirements of
these regulations. :

Radiographer's Assistant means any individual who, under the personal
supervision of a radiographer, uses sources of radiation, related
handling tools, or survey instruments in industrial radiography.

Radiographic Exposure Device means any instrument containing a
sealed source fastened or contained therein, in which the sealed
source of shielding thereof may be moved, or otherwise changed,
from a shielded to unshielded position for purposes of making a
radiographic exposure.
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(6)

(7N

(8)

6.03

Storage Container means a device in which sealed sources are trans-
ported or stored.

- Shiclded Room Radiography means industrial radiography which is

conducted in an enclosed room, the interior of which is not

occupied during radiographic operations, which is so shielded that
every location on the exterior meets conditions for an uneentrelled
unrestricted area as specified in 3.03, and the only access to which

is through openings which are interlocked so that the radiation
machine will not operate unless all openings are securely closed.

Field Radiography means all industrial radiography other than cabinet
radiography and shielded room radiography.

SPECIAL RADIATION SAFETY REQUIREMENTS FOR INDUSTRIAL RADIOGRAPHY
OPERATIONS

6.03.1 Limits on Radiation Levels for Radiography Exposure
Devices and Storage Containers

(a) Radiographic exposure devices measuring less than
four (4) inches from the sealed source storage
position to any exterior surface of the device
shall have no radiation level in excess of 50 milli-
roentgens per hour at six (6) inches from any
exterior surface of the device.

(b) Radiographic exposure devices measuring a minimum
of four (4) inches from the sealed source storage
position to any exterior surface of the device,

~and all storage containers for sealed sources or
outer containers for radiographic exposure devices,
shall have no radiation level in excess of 200
milliroentgens per hour at any exterior surface,
and ten (10) milliroentgens per hour at one meter
from any exterior surface. The radiation levels
specified are with the sealed source in the
shielded (i.e., "off") position.

6.03.2 Locking of sources of Radiation. Fach source of radiation
shall be provided with a lock or outer leek lockable con—
tainer designed to prevent unauthorized or accidental
production of radiation or removal or exposure of a sealed
source and shall be kept locked at all times except when
under the direct surveillance of a radiographer or
radiographer's assistant, or as may be otherwise authorized
pursuant to 6.04.4. Each storage container likewise shall
be provided with a lock and kept locked when containing
sealed sources except when the container is under the
direct surveillance of a radiographer or radiographer’s
assistant.
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6.03.3

6.03.4

6.03.5

Storage Precautions. Locked radiographic exposure devices
and storage containers shall be physically secured to

Prevent tampering or removal by unauthorized personnel.

Radiation Survey Instruments. The registrant shall main-
tain sufficient calibrated and operable radiation survey
instruments to make physical radiation surveys as required
by this part and Part 3.0 of these regulations. Each
radiation survey instrument shall be calibrated at inter-
vals not to exceed three(3) months one (1) year and after
each instrument servicing and a record maintained of the
latest date of calibration. Instrumentation required by
this section shall have a range such that two milliroentgens
per hour through one roentgen per hour can be measured.

Leak Testing, Repair, Tagging, Opening, Modification,
and Replacement of Sealed Sources

(a) The replacement of any sealed source fastened to or
contained in a radiographic exposure device and leak
testing, repair, tagging, opening, or any other
modification of any sealed source shall be performed
only by persons specifically authorized to do so by
the Agency, the U. S. Atomie Bperpgy Nuclear Regulatory
Commission, or any agreement state.

(b) Each sealed source shall be tested for leakage at
intervals not to exceed six (6) months. In the absence
of a certificate from a transferor that a test has been
made within the six-month period prior to the transfer,
the sealed source shall not be put into use until tested.

(¢) The leak test shall be capable of detecting the presence
of 0.005 microcurie of removable contamination on the
sealed sburce. An acceptable leak test for sealed
sources in the possession of a radiography registrant
would be to test at the nearest accessible point to the
sealed source storage position or other appropriate
measuring point by a procedure to be approved by the
Agency. The applicant who desires to conduct his own
leak tests shall has establish adequate procedures to
be followed in leak testing sealed sources for possible
leakage and contamination and shall submit to the Agency
a description of such procedures including:

(i) Instrumentation to be used;

(ii1) Method of performing tests, e.g., points on equip-
ment to be smeared and method of taking smear; and
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(iii) Pertineut expericnce of the person who will
perlorm the test.

Records of leak test results shall be kept in units
of microcuries and maintained for inspection by the
Agency.

(d) Any test conducted pursuant to paragraphs (b) and
(c) of this.sactionzgggg which reveals the presence
of 0.005 microcurie or more of removable radioactive
material shall be considered evidence that the
sealed source is leaking. The registrant shall
immedintely withdraw &he such defective equipment
-invelved from use and shall cause it to be decon-
taminated and repaired or to be disposed of, in
accordance with regulations of the Agency. Within
5 days after obtaining results of the test, the
registrant shall file a report with the Agency
describing the equipment involved, the test results,
and the corrective action taken.

(e) A sealed source which is not fastened to or contained
in a radiographic exposure device shall have per—
manently attached to it a durable tag at least one
(1) inch square bearing the prescribed radiation
caution symbol in conventional colors, magenta or
purple on a yellow background, and at least the
instructions: “''Danger —Radioactive Material-—Do Not
Handle —Notify Civil Authorities if Found."

6.03.6 Quarterly Inventory. Each registrant shall conduct a
quarterly physical inventory to account for all sources of
radiation received or possessed by him. The records of the
inventories shall be maintained for inspection by the
Agency  and shall include the quantities and kinds of
radioactive material, the location of all sources of
radiation, and the date of the inventory.

6.03.7 Utilization Logs. Each registrant shall maintain current
logs, which shall be kept available for inspection by the
Agency, showing for each source of radiation the
following information:

(a) A description (or make and model number) of each
source of radiation or storage container in which
the sealed source is located;

(b) The identity of the radiographer to whom assigned;

(¢) Locations where used and dates of use: and

(d) The voltage, current, and exposure time for each
radiographic exposure employing a radiation machine.
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6.04 PERSONAL RADIATION SAFETY REQUIREMENTS FOR RADIOGRAPHERS AND
RADIOGRAPHERS' ASSISTANTS

6.04.1 Limitations

(a) No registrant shall permit any person to act as a
' radiographer as defined in these regulations until
such person:

(1) 1las been instructod in the subjects outlined
in 6.06 of this part and shall have demon-
strated understanding thereof;

(2) Has received copies of and instruction in
the regulations contained in this part and
the applicable sections of Part 3.0, and the
registrant's operating and emergency procedures,
and shall have demonstrated understanding
thereof; and '

(3) Has demonstrated competence to use the source
of radiation, related handling tools, and
survey instruments which will be employed in
his assignment. '

(b) No registrant shall permit any person to act as a
radiographer's assistant as defined in this part
until such person: . : :

(1) Has received copies of and instructions in the
registrant's operating and emergency procedures,
and shall have demonstrated understanding
thereof; and

(2) Has demonstrated competence to use undetr the
personal supervision of the radiographer, the
sources of radiation, related handling tools,
and radiation survey instruments which will
be employed in his assignment.

6.04.2 Operating and Emergency Procedures. The registrant's
operating and emergency procedures shall include
instructions in at least the following:

(a) The handling and use of sources of radiation to be
employed such that no person is likely to be
exposed to radiation doses in excess of the limits
established in Part 3.0;

(b) Methods for controlling access to radiographic areas;

(¢) Methods and occasions for con&ucting radiation surveys:
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. (d) Methods and occasions for locking and securing
sources of radiation:

. (e) Personnel monitoring and the use of personnel
monitoring equipment; :

(f) Transportation to field locations, including
packing of sources of radiation in the vehicles,
posting of vehicles, and control of sources of
radiation during transportation;

(g) Minimizing exposure of persons in the event of
an accident;

(h) The procedure for notifying proper persons in the
event of an accident; and

(1) Maintenance of records.
6.04.3 Personnel Monitoring Control

(a) No registrant shall permit any person to .act as
a radiographer or as a radiographer's assistant
unless, at all times during radiographic operations,
each such person shall wear a film badge and either
a pocket dosimeter or pocket chamber. Pocket
dosimeters and pocket chambers shall be capable of
measuring exposures desas- from zero to at least
200 milliroentgens. A film badge shall he assigned
to and worn by only one person.

(b) Pocket dosimeters and pocket chambers shall be read
-and exposures deses recorded daily. A film badge
shall be immediately processed if a pocket chamber
or pocket dosimeter is discharged beyond its range.
The film badge reports received from the film badge
processor and records of pocket dosimeter and
pocket chamber readings shall be maintained for
inspection by the Agency.

6.04.4 Security. During each radiographic operation, the radio-
grapher or radiographers' assistant shall maintain a
direct surveillance of the operation to protect against
unauthorized entry into a high radiation area, as defined
in 1.04, except where the high radiation area is equipped
with a control device or an alarm system as described in
3.06.2(b) (2), or where the high radiation area is locked
to protect against unauthorized or accidental entry.

6.04.5 Posting. Notwithstanding any provisions in Section 3.06.5,
areas in which radiography is being performed shall be
conspicuously posted as required by Section 3.06.2(a) and

(b).
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6.04.6 Radiation Surveys and Survey Records

(a) No radiographic operation shall be conducted unless
calibrated and operable radiation survey instrumenta-
tion as described in 6.03.4 is available and used at
each site where radiographic exposures are made.

(b) A physical radiation survey shall be made after each
radiographic exposure utilizing radiographic exposure
devices or sealed sources of radioactive material to
determine that the sealed source has been returned
to its shielded condition.

(c) A physical radiation survey shall be made to deter-
mine that each sealed source is in its shielded
condition prior to securing.the radiographic

exposure device or storage container as specified
in 6.03.2,

(d) Records shall be kept of the surveys required by
.6.04.6(c) and maintained for inspection by the Agency.

6.05 - - SPECIAL REQUIREMENTS' FOR RADIOGRAPHY EMPLOYING RADIATION MACHINES

6.05.1 Cabinet Radiography. Cabinet radiography shall be exempt
from other requirements of Part 6.0; however, no registrant
shall permit any individual to operate a cabinet radio- - : .
graphy unit until such individual has received a copy of,
and instruction in, and demonstrated an understanding of
operating procedures for the unit, and has demonstrated
competence in its use. '

6.05.2 Shielded Room Radiography. Shielded room radiography shall
be exempt from other requirements of Part 6.0; however,

(a) No registrant shall permit any individual to operate
a radiation machine for shielded room radiography
until such individual has received a copy of, and
instruction in, and demonstrated an understanding of
operating procedures for the unit, and has demon-
strated competence in its use.

(b) Each registrant shall supply appropriate personnel
monitoring equipment to, and shall require the use
of such equipment by, every individual who operates,
who makes "set-ups", or who performs maintenance on
a radiation machine for shielded room radiography.

(c) A physical radiation survey shall be conducted to
determine that the radiation machine is "off" prior
to each entry into the shielded room. Such surveys
shall be made with a radiation measuring instrument
capable of measuring radiation of the energies and
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. at the dose rates to be encountered, which is in
' good working order, and which has been properly
calibrated within the preceding three months or

following the last instrument servicing, whichever
is later. '

6.05.3 Field Radiography. Field Radiography shall be exempt from
6.03.1, 6.03.3, 6.03.5, and 6.04.6; however,

(a) A physical radiation survey shall be conducted to
determine that the radiation machine is "off" prior
to each entry into the radiographic exposure area.
Such surveys shall be made with a radiation measuring
instrument capable of measuring radiation of the
energies and at the dose rates to be encountered,
which is in good working order, and which has been
properly calibrated within the preceding three months
or following the last instrument servicing, whichever
is later. Survey results and records of boundary
locations shall be maintained and kept available for
inspection.

(b) Mobilé or portable-radiation machines shall be

physically secured to prevent removal by unauthorized
personnel.

6.06 INSTRUCTION OF INDUSTRIAL RADIOGRAPHERS

Pursuant to 6.04, an outline of the subjects to be covered in a
minimum amount of instruction for radiographers is contained below:

6.06.1 Fundamentals of Radiation Safety

(a) Characteristics of gamma and X-radiation.
(b) Units of radiation dose (mrem) and quantity of
radioactivity (curie).
(c) Hazards of excessive exposure of.radiation.
(d) Levels of radiation from sources of radiation.
(e) Methods of controlling radiation dose.
(1) Working time.
(2) Working distances.
(3) Shielding.

6.06.2 Radiation Detection Instrumentation to he Used
(a) _Use of radiation survey instruments.
(1) Operation.
(2) cCcalibration.

(3)" Limitations.
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(b) Survey techniques.

(c) Use of personnel monitoring equipment.
(1) Film badges. )
(2) Pocket dosimeters.
(3) Pocket chambers.

6.06.3 Radiographic Equipmenf to be Used

(a) Remote handling equipment.

(b) Rgdiugraphig exposure devices and sealed sources.

tc) Storage containers._

(d) Operation and control of X;ray equipment.

- 6.06.4 The requirements of pertinent Federal and State regulations

6.06.5 The registrant's written operating and emergency procedures
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7.03

PART 7.0

RADIATION SAFETY REQUIREMENTS FOR
ANALYTICAL X-RAY EQUIPMENT

SCOPE

This part provides special requirements for analytical x-ray
equipment, The reqyiremqug_gf this part are in addition to, and
not in substitution_fgr applicable requirements in other parts of
thgﬁgﬁﬁggg}a Hons.

DEFINITIONS

Analytical x-ray eduipment means equipment used. for x-ray diffraction
or fluorescence analysis.

Analytical x-ray system means a group of components utilizing xrays
to determine the elemental composition or to examine the micro-
Structure of materials.

Fail-safe characteristics mean a design feature which causes beam
port shutters to close, or otherwise prevents emergence of the primary
beam, upon the failure of a safety or warning device.

Local components mean part of an analytical x-ray system and include
areas that are struck by xrays such as radiation source housings,
port and shutter assemblies, collimators, sample holders, cameras,
poniometers, detectors and shielding, but do not include power supplies,
transformers, amplifiers, readout devices, and control panels.

Normal operating procedures mean Step-by-step instructions necessary
to accomplish the analysis. These procedures shall include sample
insertion and manipulation, equipment alignment, routine maintenance
by the registrant, and data recording procedures which are related to
radiation safety.

Open-beam configuration means an analytical x-ray system in which an
individual could accidently place some part of his body in the primary
beam path during normal operation.

Primary beam means radiation which passes through an aperture of the
source housing by a direct path from the X-ray tube or a radioactive
source located in the radiation source housing.

EQUIPMENT REQUIREMENTS

7.03.1 Safety Device., A device which prevents the entry of any portion

of an individual's body into the primary x~ray beam path or
which causes the beam to be shut off upon entry into its path
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7.03.2

7.03.3

_shall be provided on all open-beam configurations. A

reglstrant may apply to the Apency for an exemption from -

the requirement of a safety device. Such application

shall include:

(a) A description of the various safety devices that have
been evaluated.

(b) The rcason cach of these devices cannot be used, and

(c¢) A description of the alternative methods that will be

o employed to minimize the possibility of an accidental
exposure, including procedures to assure that operators
and others in the area will be informed of the absence
of safety devices.

Warning Devices

(a) Open-beam configurations 5hall be provided with a
readily discernible indication of:

(1) X~ray tube status (ON-OFF) located near the
radiation source housing, if the primary beam
is controlled in-this manner; and/or

(2) Shutter status (OPEN-CLOSED) located near each
port on the radiation source housing, if the
primary beam is controlled in this manner. .

(b) Warning devices shall be labeled so that their purpose
is easily identified. On equipment installed after the
effective date of these regulations, warning devices
shall have fail-safe characteristics.

Ports. Unused ports on radiation source housings shall be

7.03.4

secured in the closed position in a manner which will pre-
vent casual opening.

Labeling. All analytical x-ray equipment shall be labeled

with a readily discernible sign or signs bearing the

radiation symbol and the words:

(a) "CAUTION - HIGH INTENSITY X-RAY BEAM," or words__

having a similar intent, on the x-ray source
housing; and

(b) "CAUTION RADIATION - THIS EQUIPMENT PRODUCES RADIATION

WHEN ENERGIZED," or words having a similar intent,
near any switch that energizes an x-ray tube if the
radiation source is an x-ray tube; or .
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7.04

7.03.5

(e)  "CAUTION - RADIOACTIVE MATERIAL,” or words having
a similar intent, on the source housing if_the.
radiation source is a radionuclide.

Shutters. On open-beam configurations installed after the

7.03.6

effective date of these repgulations, each port on the
radiation source housing shall be equipped with a shutter
that cannot be opened unless a collimator or_a_coupling .
has been connected to the port.

Warning Lights

7.03.7

(a) An_easily visible w warning light labeled with the words
XRAY ON™, ‘or words having a similar inteat, shall
_be 10Ldtf,d‘

(1) near any switch that cnerg1zes an x-ray tube
.and shall be illuminated only when the tube
is energized; or

(2) in the case of a radioactive source, near any
switch that opens a housing shutter, and shall
be illuminated only when the shutter is open.

(b) On equipment installed after the effective date of these
regulations, warning lights shall have fail- safe_
characteristics.

Radiation Source Housing. Each x-ray tube housing shall be

.7:03.8

S0 _constructed that, with all shutters closed, the leakage

radiation measured at a distance of 5 cm from its surface

ds_not capable of producing a dose_in excess of 2.5 mrem
in one hour at any specified tube rating.

Generator Cabinet. Each x-ray generator _shall be supplied

with a protective cabinet which limits leakage radiation
measured at a distance of 5 cm from its surface such that

it is not capable of producing a dose in excess of 0.25 mrem
in one hour.

AREA REQUIREMENTS

7.04.1

Radiation Levels. The local components of an analytical x-ray

System shall be located and arranged and shall include
sufficient shielding or access control such that no radiation
levels exist_in any area surrounding the local component group
which could result in a dose to an individual present therein
in excess of the dose limits given in 3.03 of these regula-
tions. For systems utilizing x~ray tubes, these levels shall
be met at any specified tube rating.




7.04.2

Surveys

(a) Radiation surveys, as required by 3.04.2 of these

repulations, of all analytical x-ray systems
sufficient to_show compliance with 7.04.1 shall
be performed:

(1) Upon installation of the equipment and at
least once every 12 months thereafter;

(2) Following any change in the initial arrange-
ment, number, or type of local components in
the system;

(3) TFollowing any maintcnance requiring the dis- -
assembly or removal of a local component in
the system;

(4) During the performance of maintenance and
alignment procedures if the procedures require
the presence of a primary x-ray beam when any.
local component in the system is disassembled
or removed;

(5) Any time a visual inspection of the local com-
Pponents in the system reveals an abnnrmal

condltlon2 and

(6) Whenever personnel monitoring dev1ces show a
significant increase over the previous monltorlng
period or the readings are approaching the limits
specified in 3.02 of these regulations.

~~
e

Radiation survey measurements shall not be required if
a registrant can demonstrate compliance to the satis-
faction of the Agency with 7.04.1 in some other manner.

7.04.3 Posting. Fach area or room containing analytical x-ray equip-
ment shall be conspicuously posted with a sign or signs
bearing the radiation symbol and the words "CAUTION - X~RAY
EQUTPMENT” or words having a similar intent.
7.05 OPERATING REQUIREMENTS
7.05.1 Procedures. Normal operating procedures shall be written

and available to all analytical x-ray equipment workers.
No person shall be permitted to operate analytical X-ray

equipment in any manner other than that specified in the

procedures unless such person has obtained written approval

of the radiation safety officer.
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7.05.2

Bypassing. No person shall bypass a safety device unless

such person has obtained the approval of the radiation
safety officer. Such approval shall be for a specified
period of time. When a safety device has been bypassed,
A readily discernible sign bearing the words "SAFETY
DEVICE NOT WORKING,™ or words having a similar intent,

shall be placed on the radiation source housing.

7.06 PERSONNEL REQUIREMENTS

7.06.1

1.06.2

Instruction. No person shall be permitted to operate or
maintain analytical x-ray equipment unless such_person
has received instruction in and demonstrated competence
as to:

(a) Identification of radiation hazards associated with
the use of the equipment;

b) Significance of the various radiation warning and
safety devices incorporated into the equipment, or
the reasons they have not been installed on certain
pieces of equipment and the extra Precautions
Eéﬁgizgd in such cases; : '

~
g}
~

Proper operating procedures for the equipment;

|

~
jaF
~

|

Symptoms of an acute localized exposure; and

Proper procedures for reporting an actual or sus—
pected exposure.

T~
|
~

Personnel Monitoring

{a) Finger or wrist dosimetric devices shall be provided

to and shall be used by:

(1) Analytical X~ray equipment workers dsing systems

having an open-beam confipuration and not equipped

with a safety device; and

(2) Personnel maintaining analytical x-ray equipment

if the maintenance procedures require the presence

of a primary x-ray beam when any local component

in the analytical X-Tray system is disassembled or

removed.
==loveda.

(b) Reported dose values shall not be used for the purpose

of determining compliance with 3.02 of these regulations

unless evaluated by a qualified expert.
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PART 8.0

RADIATION SAFETY REQUIREMENTS FOR PARTICLE ACCELERATORS

8.01 PURPOSE_AND SCOPE

8.01.1 This part establishes pProcedures for the registration and
use of particle accelerators.

#$.01.2  In addition to the requirements of this part, all registrants
are subject to the requirements of Parts 1.0, 2.0 and 3.0.
"Registrants engaged in industrial radiographic operations
are subject to the requirements of Part 6.0 and registrants
engaged in the healing arts are subject to the requirements
of Part 4.0 and/or Part 5.0 of these regulations.

8.02 REGISTRATION REQUIREMENTS
No person_shall receive, possess, use, transfer, own or acquire a
particle accelerator unless such is in compliance with the registra-
tion requirements in Part 2.0 of these regulations. '
8.03 GENERALWREQUIREMEN[S FOR_THE USE QF PARTICLE_AQQELERATQR§_

'ﬂzOQLl In addition to the requirements set forth in Part 2.0, a
‘registration for the use of a particle accelerator will pot
be issued unless the Agency determines that:

(a) The applicant is qualified by reason of training and
experience to use the accelerator in questions for
the purpose intended in accordance with this part and
Fart 3.0 in such a manner as to minimize danger to
public health and safety or property;

(b)__The applicants' proposed equipment, facilities, and
operating and emergency procedures are adequate to
protect health and minimize danger to public health
and safety or property;

(c) _The issuance of the registration will not be inimical
to the health and safety of the public, and the
applicant satisfies any applicable special requirement

8.04 _of these regulations;

(d) The Qpplicant has appointed a radiation safety officer:

(e) The applicant and/or his staff has substantial experience
in the use of particle accelerators for the intepded use;

7




(gl__lhg‘gleigggg_hgg_ggggplished a4 radiation safety
committee to approve, in advance, proposals for use
of particle accelerators. whenever deemed necessary
by the Agency; and

(¢) The applicant has an adequate training program for
particle accelerator Operators.

8.04 HUMAN USE OF PARTICLE ACCELERATORS

8,9931“_.lﬂ_nﬂdition_cg_ghghxgquigcmunts_5pt“f9££hﬂinwﬂa£§_ziﬂtﬂa
registration for use of a particle accelerator in the
healing arts will be issued only if:

(2) Whenever deemed necessary by the Agency, the
registrant has appointed a medical committee of at
least three members to evaluate all proposals for
research, diagnostic, and therapeutic use of a
particle accelerator. Membership of the committee
shall include physicians expert in internal medicine,
hematology, therapeutic radiology and a person
gggg;'gnged_ig“d@gghwggse_calculations_gpd protection
against radiation:

(b)._The individuals designated on the application_as the
uscrs have substantial training and experience in
deep therapy_ techniques or _in the use of particle

accelerators to _treat humans; and.

(c) The individual designated on the_application as the

user_must_be a physician.

8.05 . RADIATION SAFETY REQUIREMENTS FOR THE USE OF PARTICLE ACCELERATORS

8.05.1  General Provisions

(a) This subpart establishes radiation safety reguirements
for the use of particle accelerators wvhich are in

addigionmtg+_§nd_ngndin_gubszixuxign_iax4_gxhﬁx

applicable provisions of these regulations.

(b)_ The_registrant shall be responsible for assuring
that all requirements of thig part are metb.

8.05.2 Limitations

(a) No registrant shall permit any person to act as @
particle acceleystor operator until such person:
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(1) Has been instructed in radiation safety_and.
shall have demonstrated an_understanding thereof; .

(2) Has received copies of and instruction in this
part and the applicable requirements _of Part 3.0, oo

Igglggggggg Qggrntlng 1nd emerggncy prorvdureq _and
shall hnve_demonstrﬂLLd_unduxbtandlngithergof,“and_

(3)__tas_demonstrated competence to use the particle
acce_eratorl rclated aquigment _and Survey instru-—_

(b) _tither the radiation safety committec or the radiation
safety officer shall have the authority to terminate
the operarions at_a particle accelerator facility if
§gch_act10n is _deemed necessary_to protect health and

danger to public health and safety or propertvy.

(a)_ A gualified expert specifically accepted by the Agency
shall be consulted in the design of the particle accel—
erator installation and called upon to perform o
radiation survey when the accelerator is first capable
pf producing radiation.

(b) Fach particle accelerator installation shall_be pro-
vided with such primary and/or secondary barriers as
are necessary to assure compliance with 3.02 and 3.03.

8.05.4 _ Particle Accelerator Controls and Interlock Svstems

é££Q13¥QtQI“QontrQl_COﬂSQl@mShﬁll.hgwCl@ﬁtly_iggntlflﬁd
and easilv discernible.

(b) All entrances_into a target room or other high radiation.
area shall be provided with interiocks that shut down -
the machine under conditions of barrier penetration.

(¢)__When an interlock system has been tripped, it shall oply
be possible to resume operation of the accelerator by
manually resetting controls at the position where the
interlock has been tripped, and lastly.at the main
control console.

(d)__Each safety interlock shall be on a circuit which_shall.
Aallow its operation independently of all other safety
interlocks. .

(e)__All_safety interlocks shall be fail safe, i.e., designed
S0 that any defect or component failure in the interlock T
System prevents operation of the accelerator.
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(b)

(c)

A scram button or other emergency power cutoffl
switch shall be located and easily identifiable in
all hlgh radiation areas. Such a cutoff switch
shall include a manual reset so that the accelerator
cannot be restarted from the acoelerator'contro]

console w1thout _resetting the cutoff switch.

8.05.5 'Wa_r'ni’ng. Devices

ALl Tocations desipgnated as high radiation areas, and
cntrances to such locations shall be cguipped with
casily observable [lashing or rotating warning lights
that operate when, and only when, _pd;atgon_}guhe}gg
produced

Except in facilities d591gqed for_humen exposure, each
high radiation area shall have an audible_warning device
which shall be activated for 15 seconds prior to the
POBblblP creation of such high radiation area. Such
warning device shall be clearly dlscernlble in all

high radiation areas and all radiation areas.

Barricers, temporary or vtherwise, and pathways leading
to high rddlatlon areas shall be identified din
accordance with 3,06.

. 8.05.6  Operating Procedures

(a)

(b)

(d) I

(e)

Particle accelerators, when not in .use, shall he secured
to prevent unauthorized uqe.

Only a switch on the accelerator control console shall
be routinely USLd to turn the accelerator beam on_and
oFF The safety interlock yqtemmﬁthL_pQL_be_uegg
to_turn off the accelerator beam cxcept im an émergency.

(ALl safety and warning devices, including interlocks,

shall be LhPCned for proper operablllty at intervals
not to eyceed three ~months. Results of such tests
ehgl;"be mai talned for inspection by the Agency at the
accelerator fac1l%_xﬂ

Electrical circuit diagrams of the accelerator, and the
dSSOClated 1nterlockmsyqtems, shall be kept current and
malntalned_for inspection by the Agen_y and avallable

to the operator at each accelerator facility.

If, for any reason, it is necessary to intentionally bypass

a safety interlock or interlocks, such action shall be:
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(1) Authorized by the radiation safety committee
and/or the radiation safety officex;

(2) Recorded in a permanent log and a notice posted
at the accelerator control console; and

(3) Terminated as soon as possible.

(£) A copy of the current operating and emergency procedures
shall be maintained at the accelerator control panel.

8.05.7 Radiation Monitoring Requirements

(a) There shall be available at each particle accelerator
' facility, appropriate portable monitoring equipment
which is operablé and has been calibrated for the
appropriate radiations being produced at the facility.
Such equipment shali be tested for proper operation:
daily and calibrated at intervals not to exceed one
year, and after servicing and repair. -

(b) _A radiation protection survey shall be performed and
documented by a qualified expert specifically approved

by the Agency when changes have been made in shielding,
operation, equipment, or occupancy of adjacent areas. -

(c) Radiation levels in all high radiation areas shall be .
continuously monitored. The monitoring devices shall .
be electrically independent of the accelerator control
and interlock systems and capable of providing a remote
and local readout with visual and/or audible alarms at
both the control panel and at the entrance to high
radiation areas, and other appropriate locations so
that people entering or present become aware of the
existence of the hazard.

(d) All area monitors shall be calibrated guarterly.

(e) Whenever applicable, periodic surveys shall be made
to_determine the amount of airborne particulate
radioactivity present in areas of airborne hazards.

(f) Whenever applicable, perlodic smear surveys shall be.

made to determine the degree of contamination in
. target and other pertinent areas.

(g) All area surveys shall be made in accordance with the
written procedures established by a qualified expert
or the radiation safety officer of the particle
accelerator facility.




(h)__Records of all radiation protection surveys, calibra-

tion results, iustrumentation_ tests, and smear results
shall be kept current and on file at each accelerator
facility.

Ventilation Systems

(a)

(b)

Adequate ventilation shall be provided in areas where

airborne radioactivity may be produced.

A registrant, as required by 3.03.3, shall not vent,
release or otherwise discharge airborne radioactive
material to an unrestricted area which exceeds the
limits in Part 9.0, Appendix A, Table II, except as
authorized pursuant to 3.09.2 or 3.03.3(b). For

purposes of this paragraph, concentrations may be

averaged over a period not greater than one_year.
Every reasonable effort should be made to maintain
releases of radioactive material to unrestricted
areas as far below these limits as practicable.
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PART 9.0

* APPENDIX A~
CONCENTRAFIONS IN AIR AND WATER
- ABOVE NATURAL BACKGROUND

(Sce nofes at end of appendix)

- Table § Table NN
Element (atomie numher) 1sotaps? Column 1 |Column 2 Column 1 | Column 2
: - Air Water Air Water
(uc 'ml) (i2e/ml) (uc/ml) | (ue/ml)
Actinium (89) .| Ae 227 5 23077 [ Ax10°% | Bx10-'4 | 2x107*
I 3107 LOX1072 | 9x10717 1 3x10-4
Ac 228 S Sx10® 1 3x10? | 3x10°7 | 9x10 5
1 2xin® Ix10® 6x10-17 [ 9xi0 *
Americinim (95) Am 211 5 6510 7 Pisto 4 [ 2x100Y 4510~
I P10 PRty 4 Ax10 17 12510 "
Am 242 m S G107 HIx10 4 L 2x1o " | axin »
| Ix10 e Paxlo ot 9x10 7 [ o9x10
Am 242 S Ax10® Faxio-r | ixt0” | ix10*
I Sx10°% 14x107 | 2x10-% Ix10-4
Am 243 S 6x10'2 1 1x10-% | 2x10-1? | 4x10-%
I Ix10770 1 8x107% | 4x107'2 | 3x10-3
Am 244 S 45107 1 1x10 7 | 1x1077 | 5x10°?
I 2x107% P Ix107' | 8x1077 | 5x10-2
Antimony (51).. ... |Sh 122 8 2x10°7 1 8x10°* | 6x10-° | 3x10°%
1 Ix10°7 18x10°* | 5x10°° |3x10-%
Sb 124 S 2x10°7 [ 7x107* | 5x10°7 | 2x10-5 .
1 2x10°% 1 7x107 | 7Tx107'9 | 2x10 5
Sbh 124 S Sx1077 13x107 | 2x10 8 1 ixio
1 In10C P30T | 910 ) jxin !
Argon (18) . A 37 Sub?| 6x10° _of Ex100t
A 41 Sub | 2x10-¢ L 4x10 2 T
Arsenic (33) ... lAs T3 S 2x10°¢ [ Ix10? | 7x10°8 | 5x10-4
1 4x10°7 1 1x10°2 | 1x10°% | 5x104
As 74 s 31077} 2x10°* | 1x10-8 | 5x10°%
I IX10-7 1 2x10-Y | 4x10°* | 5x10°°
AS 76 S X107 16x104 | 4x10° | 2x10°5
I Ix107 6x10 4 Ix10 7 2x10 7
As 77 5 Sx1O /7 P 2x10°0 [ 216" 1 8x10 "
1 AT 40 Y | Ixi0® | 8xi0 ¢
Astatine (85) . . |At 211 S 74107 [ 5x10°% | 2x10-12 | 2x10-¢
1 3x10% | 2x10? | 1x107% | 7x10°°
Barium (56) ... |Ba 13} S Tl | Sx107% | 4x10-% | 2x10°4
I 431077 FAx107% | 1x10-® | 2x10-*
Ba 140 S IN107 TExtG4 | 4x10 7 | 3x10°°
1 4xi0® 1 7x10 4 | 1x10°7 | 2x1G7F
Berkelinm (97) ... [Bk 249 S 9x10-10 1251072 | 3%10"7 { 6x1G9
I Ix10°7 1 2x10°2 | 4x10-7 | 6x10-4
Bk 250 8 Ix1077 1 6x107° { 5x10°7 | 2x10-4
1 1x10% | 6x10* | 4x10°¢ | 2x10-*
Beryllium (4)_________ Be 7 S 6x10-% | 5x10°? | 2x10°7 | 2x10°?
I 1x16-* | 5x1072 | 4x10-® | 2x107?
Bismuth (83)______ |Bi 206 s 231077 1 1x107 | 6x10°? | 4x10-3
I 1x1077 1 1x1073 | 5x10- ° | dx10-3
Bi 207 5 2x107 1 2x1073 | 6x10- ? | 6x10-3
I 1x10* [2x107* | 5x10°'° | 6x10-5
Bi 210 S 6x107 | 1x1073 | 2x10°7° | 4x10°5
I 6x10-7 | 1x107? | 2x107'° | 451075
Bi 212 5 11077 | 1x10°* ! 3x10-° | 4x10~*
I 2x10°7 1x10-2 7x10-° 4x10-4
Bromine (35) . . . {bBr 82 5 Ix10°% [ 8x10°% | 4x10-° | 3x10-4
I 2107 1 Ix10% [ 6x107 [ 4x10 °
Cadmium (48) . Cd 109 5 IJ0 % [ SxI0 0 2x109 | 2x104
1 Tx10-8 5x10-3 3x10-7 2x10-4
Cd 115 m 5 dx10% 1 7x10 4 Ix107 3x10 %
I 4x10°° 1 7x10°4 1 1x107° | 3x10°%
Cd 115 S 2x10-7 1 1x10* | 8x107 | 3x10-%
. I 2x10°7 [ Ix10°* | 6x10-° | 4x10-3

See footnotes at end of table
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APPENDIX A

CONCENTRATIONS IN AIR AND WATER ’ o *
ABOVE NATURAL BACKGROUND
(See notes at end of appendix)

Table 1 Table 1}
Element {atomic number) Isotopat Column 1 |Column 2 Column 1 | Column 2
r Water Air Water
(uc/mi) C(uc/ml) (ue/mi) | (uc/mi)
Calcivm (20) ... = |{Ca 45 3x10°% | 3x10* { 1x10° | 9x10-°
Ix1077 1 5x10-2 | 4x10-° | 2x10°*
Ca 47 2x1007 P1x10r? | 6x10°7 | 5x10°%

2x10°7 [ 1x107* | 6x10°° | 3x10°°

2x107'2 1 1x107* [ 5x107'% | 4xi0°*
Ix10-'2 P 7x104 | 3x107'2 | 2x107%

Californium (98) ... lct 249

Cf 250 5x107'? | 4x10°* | 2x1072 | 1x10-3
1x107'° | 7x10-* °[ 3x10-'? | 3x10-%
Cf 251 2x107'? [ 1x107* | 6x10°'% | 4x10-*
1x1079 | 8x10-* | 3x107'2 | 3x10°% .
Cf 252 2x10°Y [ 7x107% | 7x10°%? | 2x10°5
1x10°'° | 7x1074 | 4x10-'2 | 2x10-5
Ci 253 8x1071° 1 4x10-* | 3x10°*! | 1x104
8x10719 [4x107% | 3x10-"! | 1x10°*
Cf 254 5x107'2 | 4x107¢ | 2x10-'? | 1x10-/
5x107'? | 4x10°¢ | 2x10°'? | 1x10-7
Carbon (6)........._|C 14 4x10-% 1 2x107 | 1x10°7 | 8x10-*
(CO:) ub | 5x10°% . 1x10-¢ o
Cerium (58)  ........ [Ce 141 4x10°7 | 3x107* | 2x10°%" | 9x10-3
2x1077 | 3x1072 | 5x10°7 | 9x10-5
Ce -143 3x10-7 Ix1073 ) 9x10-Y | 4x10°5
2x1077 Ix10-2 + 7x10°° | 4x10°%
Ce 144 1x10-% | 3x10-% | 3x107'° | 1x10-5
6x10"° | 3x107* | 2x107'9 | 1x10-%
Cesium (55) ... Cs 131 Ix10-% | 7x107 | 4x10-7 | 2x10°*
3Ix107% | 3x10°F | 1x10°7 | 9x10-* ’
Cs 134 m 4x107% | 2x107 1x10-* | 6x10-2 -
: 6x10-* | 3x10°2 | 2x10-7 | 1x10-3
Cs 134 4x10°% 1 3x10°% | 1x10°° | 9x10-
1x10°% | Ix1072 | 4x10-'° | 4x10°3
Cs 135 Sx10 7 [ 3x10 | 2x10° 1x10 4
Ox10 9 Txiy ! Ix1o v 2x10 4
(& 136 4x10 7 Ixl0 Ixto*# 9x10 -
2x10°7 | 2x107° | 6x10Y | 6x10°3
Cs 137 6x10 % [4x10* | 2x10°7 | 2x10-*
1x10°% 1 1x1072 | 5x10°'2 | 4x10-*
Chlorine (17)....._.... Cl 36 4x10-7 | 2x10°% | 1x10°* | 8x10-%
2x10°% | 2x107* | 8x107'° | 6x10-°
Ci 38 3x107% | 1x10°2 | Sx10°® | 4x10~4

2x107% | 1x1072 | 7x10-% | 4x10~*

1x10-% | 5x10-? | 4x10°7 |2x10-2

Chromium (24)__.... . |Cr 51
2x10-* | 5x10-2 | 8x10°%* |2x10-?

Cobalt (27) e, Co 57 3x10°% | 2x10-2 | 1x1077 | 5x10-*
2x107 | Ix107* | 6x10° | 4x10-4
Co 58 M 2x10°5 | 8x107? | 6x1077 ) 3x10-?
9x10-¢ | 6x10°? | 3x10-7 | 2x10-?
Co 358 8x10°7 1 4x10™* | 3x10°* | 1x104
5x107® | 3x107% | 2x10°° | 9x10-%
Co 60 3x10-7 1 1x107* | 1x10-® | 5x10°3
9x10~? | 1x10"* | 3x10-'° | 3x10-5
Copper (29) ...... [Cu 64 2x10° 1 Ix1072 | 7x10°® | 3x1074
1x10-* [ 6x10°% | 4x107° | 2x10-*
Curium (96) Cm 242 Ix10-'9 | 7x10-* | 4x10-'2 | 2x10-%
2x107'° [7x10* { 6x10'? | 3x10-%
Cm 243 6x10-12 1 1x107* | 2x10°'2 | 5x10-¢ .
1x107'° § 7x104 | 3x10-'2 | 2x10-3
Cm 244 9x10-'% ) 2x10™ | 3x107" | 7x10°¢
1x10719 | 8x10-* | 3x10-77 | 3x10-5
Cm 245 5x10-'2 [ 1x10-* | 2x10-'* | 4x10-%
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1x10-'9 | 8x104 [ 4x10-'2 | 3x10-3 v

See footnotes at end of table
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. APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAL BACKGROUND

(See notes at end of appendix)

Tabie } Table §t
Element (alonic pumber) {ratopel Colamn 1 {Column 2 Column 1 | Column 2
©ofr I Water Air Water
(i, inl) | Cr/ml) {ue/mt) ) {uc/ml)
Cim 246 Svio'? il 2x10 ' 1 4x10
I T2 Rt L axiootr | 3x10-t
Cm 247 S5x107'2 Dixl0o* | 2x10 %2 | 4x10-% .- et LR
[x107'2 1 6x10°* | 4x10°'2 | 2x10°°
Cm 248 6x10°"2 F1x107% | 2x10°'4 | 4x10°7
1x107!7 [4x10°% | 4x10-13 | 1x10-¢
Cm 249 Ix10-° | 6x10* | 4x10-7 | 2x10°?

Ix105 | 6x1072 | 4x10°7 | 2x1073

Ict0 4 1 Ix107? | 9x10°% | 4x10°4
2x10% | 1x10°2 | 7x107% | 4x10°
2x1077 1 Ix10°2 § 8x10°7 | 4x10°%
2x10°7 | k10§ 7x10°% | 4x10-3

8x107'° | 7x107* | 3x10°Y [ 2x10-5
6x10-19 4 7x107% | 2x10°' | 2x10°3

Dysprosium (66)  |Dy 165
Dy 166

Einsteinium (99) ... |Es 253

Es 254 m 5x100% 1 5x107* | 2x1077° | 2x10-5

6x1077 | 5x10°* | 2x107'9 | 2x10-5

Es 254 2x10°" | 4x10°% | 6x107'% | 1x10-9

11072 1 ax10°4 | 4x10°'2 | 1x10°%

Es 255 Sx107'% | 8x 104 | 2x107 | 3x10-5

4x10°7 1 Ex10-1 | Ix10°' | 3x10-5

Erbium (68) . . {Er 169 6:1077 1 3x1002 | 2x10°% | 9x10-%
Ax10°7 1 3x1072  Ix10°® {910 5

Fr 171 7x1077 1 3x10-% | 2x10°® Ix10-*

65107 1 3x107° | 2x10°° 1x10-#

Europium (63) . Eu 152 41077 1251073 | 1x107% | 6x10°°
(T/2:==9.2 hrs) Ix10°7 1 2x1073 Ix10°° | 6x10-°

Eu 152 11078 1 2x10°2 | 4x107'9 | 8x10°%

(1/2::13 yrs)) 2xH0-0 L 2x10° | 6x10779 | Bx107%

Eu 154 Ax10 7 o104 1 1x10779 | 2x10-*

Txin? 6x10 4 2x107°7 | 2x10°%

Ea 155 Gx1u-® 63103 3x10? 2x i

. Txi0® [ 6x107 | 3x10-7 | 2x10 4

Fermium (100) . |Fm 254 6x10 ¢ JAx10Y | 2x1077 | 1x10-4
Tx10°% 1Tax16°% | 2x10°° 1x107*

Fm 285 poaxt® Ligey L ey10-10 | 351073

Ixi07% 12107 | 4x107'7 | 3x10-°
po 3T 3 D10 b yxinT
1OIxI0OTT 1 3x1070 ] 6107 | yxio-T

Sx107° 1 2x1072 § 2x1077 | 8x10-4
Ix10-% | [x10™F | 9x10°% { 5x10-4

2x1077 1 6x107 | Bx107° | 2x107%
9xi0™* 16x10-* | 3x1077 | 2x10~*

Fmo 256
Fluorine (9)____._..__. ¥ 18

Gadolinium (64) .. |Gd 1353

Gd 159 5x10°7 1 2x10°% | 2x10°% | 8x10°5
431077 1 2x107 | Ix10°% | 8x10-%
Galliom (31) _______ Ga 72 2x10-/ Ix10-% | 8x10°% | 4x10-5

2x1077 | 1x107* | 6x1077 | 4x10°%

1x107% | 5x1072 | 4x10°7 | 2x10°3
6x10% | 5x1072 | 2x1077 | 2x10-?

Germanium (32) . . |Ge 71

Gold (79) .. _|Au 196 1x10°% | 5x1072 | 4x107% | 2x10-4
6x 107 Ax10-? 2x10°2 1x10-4

Au 198 IO 125107 1 1x108 | 5x10-5

22107 X103 8x10 * | 5x1Q0°%

Au 199 ExT10°¢ {55107 | 4106 ° | 2x10-4

AT T ax10 0 | 3x10°0 | 2x104

Hafnium (72) Hf 181 4010 125100 x100¥ | 7x10-3

INI0E 1 2a10 0 1 3x10°% | Tx107°

See footnotes at end of table




APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAL BACKGROUND

(See notes at end of appendix)

Table 1 Table 11
Efement (atomic numper) sotopel Column ¥ |Column 2 Column 1 | Columen 2
Air Water Air Water
(ue/mi) (uc/inl) (uc/mt) | (ue/mi)
Holmium (67) o 166 S 2x10 7 Loxio-4 | 7x10-° | 3x10°3
4 2107 J9x10 4 | 6x10 ? 3x105
Hydrogen (1) H 3 S SxI0* [ ix10 " | 2x10 7 | 3x10?
I Sx10 . Ix10" | 2x10 7 | 3x10?
Sub | 2x10-? . 4105 |
Indiom (49) . . __[{In 113 m s 8x10"% 14x10-2 | 3x10°7 | 1x10-*
1 7x107¢ | 4x10°? | 2x10~7 Ix10-2
In 114 m s 1x10°7 [ 5x10~% | 4x10~° | 2x10-%
I 2x10°% 1 5x10 4| 7x10-'° | 2x10-%
In 115 m S 2x167% [ 1x10°* | 8x10® | 4x10-*
I 2x107% | 1x102 | 6x10-® | 4x10-+
In 115 s 2x10~7  13x10- | 9x10~% | 9x10-3
1 Ix107® 13x10-% | Ix10-° | Ox10-3
Iodine (53).__.._____|1 125 S 5x10-7 | 4x10-% | &x10- | 2%x10~7
I 2x10°7 | 6x107? 6x10% | 2x10-*
I 126 S Bx10-° | 5x10-5 | ox10-" | 3x10-7
I 3Ix10°7 | 3x10°3 1x10°% | 9x10-5
| 129 s 2x107 1 Ix10 % | 2x10-" | 6x10°®
1 Tx10% | 6x10-* | 2x10-7 2x104
I 131 S Sx10-? | 6x10°% I1x10-1° | 3x10°7 : -
I 3x1077 [ 2x107 | 1x10-% | 6x10-%
I 132 s 2x1077" 1 2x107 | 3x10-* | 8x10-%
) 1 Ix10-7 [ 5x10-* | 3x10-° | 2x10+
) ¢ 133 S 3x10°% 1 2x10°* | 4x107'° | 1x10-
1 2x10-7 1x10-* | 7x107% [ 4x10-5
1 134 S 3x1077 1 4x10°® | 6x10-° | 2x10-5
X 3x107® [2x102 | 1x10-7 | 6x10-4
| 135 S 1Ix107 1 7x10°* | 1x10° | 4x10-%
b { 4x10°7 [ 2x10-* | 1x10-® 7x10-3
Iridium (77) . S| 1Ir 190 S Ix10-* | 6x10-2 | 4x10-% 2x10-*
1 4x10°7 | 5x10-2 Ix107® | 2x10-4
It 192 5 IX1077 | 1x10°* | 4x10-° | 4x10-%
1 3x10°* { 1x10-% | 9x10-'° | 4x10-*
Ir 194 S 2x10°7 [ 1x10°? | 8x10-° 3x10-5
I 2x10°7 1 9x10°* | 5x10-° | 3x10-5
Iron (26)........_.._|Fe 55 N3 9x10~7 | 2x10-? | 3x10-% | 8x10-+
I Ix107% 1 7x107? | 3x10~* | 2x10-2
Fe 59 ) 1x1077 12x10-% | 5x10~° | 6x10-5
1 5x107% 1 2x10-* | 2x10- | 5x10-%
Krypton (36) .. |Kr 85 m Sub | 6x10-¢ | Ix10°7 . .
Kr 85 Sub | Ix10- | Ix1077 |}
Kr 87 Sub | 1x10™ |__ 2x107 | ___ .
Kr 88 Sub | Ix10¢ | __ . ] 2x107
Lanthanum (57).__. [La 140 8 2x1077 ( 7x10* | 5x10° | 2x10-*
I CIx1077 ) 7x107* | 4x10~° | 2x10-%
Lead (82).... .. . Pb 203 S 3x107¢ | 1x10-2 | 9x10-0 | 4x10-¢
I 2x10~* [ 1x102 | 6x10-% | 4x10-4
Pb 210 S 1x10-'° [ 4x10-% | 4x10-'2 1x10-7
I 2x107'° | 5x10-2 | §x1012 | 2x10~+
Pb 212 S 2x10°® | 6x10~* | 6x10-'° | 2x10-5
I 2x10°° | 55104 | 7x10-19 | 2x10-5
Lutetium (71) Lu 177 S 6x10°7 [3x10-3 | 2x108 Ix10-4
I 5x10°7 [3x10°% | 2x10° - Ix10-4
Mangancse (25)...._ [Mn 52 5 2x10°7 1 1x107* | 7x10-" { 3x10-%
I 1x1077 1510~ | 5x10-" | 3x10-5
Mn 54 S 4x1077 [4x10-2 | 1x10-® | 1x10-*
I 4x107® 1 3x1073 | 1x10™° | Ix10-*
Mn ' 56 S 8x10~7 1 4x10-* | 3x10* | 1x10~4
1 Sx1077 | 3x10-* | 2x10-® | 1x10-4

See footnotes at end of table




APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAL BACKGROUND

(See notes at end of appendix)

Table 1 Table 11

H i n2

Element (atomic number) 1sotopat Culx?:n 1 Crw;?!r: 2 Col:ri:n 1 th;vtn”
(uc/ml) {uc/ml) (ug/ml) | (ue/ml)
Mercury (80) Hg 197 m Tx107 V6102 | 3x10-% | 2x10-4
&x10 7 1551072 | 3x10% | 2x10-*

Hg 197 INHO 1910 | 4x10-% | 3x10-4
Ix1o 8 IxIO? [ 9x10® | 5x104
Hg 203 Tx107% [ Sx10-* | 2x10-" | 2x10°5
Ix107 {1 3x10°? | 4x10-* IxH-*
Molybdcnum (42) Mo - 99 Txt0 7 1 5x10°2 | 3x10°% | 2x10-4
2x10 7 X107 | 7x10°% | 4x10-5

Neodymium (60) Nd 144 Bx10°1" 125102 | 3510712 | 7x10 5

107 121072 | Ix10-7t | 8x10-*

Nd 147 4x10~7 12x1077 | 1x10-* | 6x10°5
2x10° 12x107* | 8x10-7 | 6x10-5
Nd 149 2x10-* [ 8x107 | 6x10~* | 3x10~¢

Ix10* | 8x10-* | 5x10-® | 3x10-*

4x107'2 | 9x10-5 | 1x10-13 | 3x10¢
1x10719 1 9x10-% | 4x10'2 | 3x10-5

Neptunium (93)..... [Np 237

AR OD e e D e U e anl ¥ R B R RO L BV, Y

Np 239 8x1077 14x10-® [ 3x10°® | 1x104
7x10-7 4x107% | 2x10™® | 1x104
Nickel (28) ... . . Ni 59 3x1077 1 6x107 | 2x10-% | 2x10-+
8x10-7 | 6x10-2 | 3x10°% | 2x10-°
Ni 63 6x10" | 8x10°* | 2x10-° | 3x10-5
3x10°7 1 2x107% | 1x10-® | 7x10-4
Ni 65 9x10°7 | 4x107® | 3xj0-® Ix10-2
5x1077 { 3x107 | 2x10-® 1x10+
Niobium .
(Columbinm) (41) . [Nb 93 m S I1x10-7 1x10°% | 4x10-* | dAx10-4
I 2x10°7 IxH02 | 5x10° | 4x10-+
M 95 5 5x10 7 Ini0 8 2108 1x10 #
| Ix10 7 | 3x10°2 | 3x10-° Ix10-4
Nb 97 S 6x10 % | 3x10°7 | 2x10-7 | 9x10-*
| Sx10 Ix107 1 2x107 | 9x10-4
Osmium (76) . 1Os  I8S S 5x10°7 1 2x10° | 2x107° | 7x10-5
: : Sx107* | 2x10-2 | 2x10-° 7x10-*
Os 191 m 2x10°% [ 7x10°2 | 6x10-7 3x1073
9x107* | 7x107* | 3x1077 | 2x10-?
Os 191 Ix107% [ SX107? | 4x10-% | Zx10-
410~ | 5x1070 | Ix10-® | 2x10-+
Os 193 ax1077 12107 2 1x10°* | 6x10-%
Ix1077 | 2x10-% | 9x10-® 5x10-%
Palladiurm (46)__.. __[Pd 103 1x107% 1 1x10~? | 5x10° | 3x10-
. 7x1077 | 8<10~* | 3x10-® 3x10+
Pd 109 6x107 13x10-* | 2x10-2 9x%10-%

4x107 1 2x107? | 1x10-* | 7x10-5

7x10°% 4 5x10~ | 2x10° | 2x10-5
Bx10-® | 7x10-* | 3x10 | 2x10-5

Phosphorus (15)..... |p 32

HONUSRTE e~ G UG U e

Platinum (78) . . |pt 191 8x107 14x10- | 3x10-® | 1x10-+
6x10-7 | 3x10* | 2x10-2 1x10-¢

Pt 193 m 7x107¢ {3x102 | 2x10~7 | 1x10~*

5x10-¢ [3x102 | 2x1077 | 1x10-2

Pt 197 m 6x107® |3x102 | 2x10~7 | 1x10-?

5x10% | 3x10-? | 2x10-7 | 9x10-4

Pt 197 8x107 | 4x10-* | 3x10-® 1104

6x10-7 | 3x10* | 2x10-® 1x10~*

Plutonium (94) _____ Pu 238 2x107'2 + 1x107* | Tx10-'¢ | $x1p-¢
3x10°77 1 8x10°% § 1x10-'7 | 3x10-5

Pu 239 2x107'7 | Ix10-% | 6x10-'4 5x10-¢

: 4x10°"" [ 8x104 1x10°'2 | 3x10-5

Pu 240 2x10772 | 1x10-% | 6x10-'4 | 5x10-%

4x10 | 8x10-* | 1x10-'2 Ix10-3

Pu 24] 9x10-'" [ 7x10* | 3x10-? 2x10-4

4x10° | 4x10? | 1x10~ | 1x10-

See footnotes at end of table

-85~




APPENDIX A

CONCENTRATIONS IN AIR AND WATER -
ABOVE NATURAL BACKGROUND

(See notes at end of appendix) : -
Tahie ) Tahle It
Element (alomic number) Isotopel Column 1 | Column 2 Column 1 | Column 2
Air Water Air Water
(uc/ml) (uc/ml) {uc/ml) | (uc/ml)
Pu 242 S 2x00°°2 1 1x10°* | 6x10°'% | 5x10°*
I Ax10 ' FOx10 4 | Ix107'2 | 3x10°5
Pu 243 S 2x10 “ Ix102 | 6x10°% | 3x10-*
I 2x10 Ix1072 | &x10° | 3x10-*
Pu 244 S 2x10 2 1 1x10 % | 6x10°'* | 4x10-%
1 IO 3x104 1x10-'? | Ix10-3
Polonium (84) .. Po 210 ) 5x10' 1 2x10°5 | 2x10"" | 7x10-7
I 2x10°'2 | gx104 | 7x10°'2 | 3x10-%
Potassium (19). .. .. |K 42 R 2x10-% [ 9x107* | 7x10° | 3x10~*
| I 1x1077 | 6x10* | 4x10~° | 2x10°3
Praseodymium (59) |[Pr 142 S 2x1077 | 9x10-* | 7x10~° | 3x10-*
I 2x107 [ 9x10°* | 5x10-? | 3x10°5
Pr 143 s 3x10-7 | 1x107* | 1x10® | 5x10-5
1 2x1077 [ 1x10-* | 6x10°% | 5x10-5
Promethium (61)..... Pm 147 S 6x10-* | 6x107 | 2x10-° | 2x10-*
1 1x107 1 6x10~ | 3x107 | 2x10~+
Pm 149 s I3x10-7 | 1x107 | 1x10-% | 4x10°5
I 2x1077 "{ 1x107* | 8x10-? | 4x10°%
. - Protoactinium (91) . |Py 230 ‘8 2x107% | 7x107? | 6x10-"t | 2x10-*
1 Bx107'? | 7x10°% | 3x10°'% | 2x10-*
Pa 231 ) Ax10°M [ 3%10 5 | 4x10774 | 9x10-7
I Ix10°7° | 8x10°* | 4x10°'2 | 2x10°5 »
Pa 233 S 6x1077 | 4x10-2 | 2x10-8 1x104
I 2x10°7 | 3x10°% | 6x10° | 1x10°4
Radium (88)......___ |Ra 223 S 2x10°7 | 2x10°% | 6x107"" | 7x10-7
1 2x1071® 1 1x10~* | 8x10'? | 4x10-% -
Ra 224 S 5x10°7 | 7x10-% | 2x10-'® | 2x10-%
I Tx10°1 | 2x10-* | 2x10-'! | 5x10°*
Ra 226 s 3x10°' | 4x1077 | 3x107'2 | 3x10°8
] Sxi0-' [oxio 4 2x1072 [ 35140
Ra 228 S Tx10 '" | Bxt0 7 2x107'2 [ 3x10 8
1 4x10 ' | Tx10 * Ix10°'2 1 3x10
Radon (86) .|Rn 220 S 3Ix10-7 1x10 8
Rn 222 R 1x10-7 . 3x10-° 1
Rhenium (75) ... Re 183 S 3x10°% | 2x102 | 9x10™* | 6x10-*
1 2x10°7 | 8x10* | 5x10-* | 3x10™*
Re 186 S 6x10-7 | 3x10~* | 2x10-% | 9x10-5
I 2x1077 1 1x107 | 8x10°° | 5x10°5
Re 187 S 9x10-* | 7x107% | 3x1077 |[3x10™?
1 5x10%7 | 4x10°% | 2x10-°® | 2x10?
Re 188 S 4x10-7 1 2x107* | 1x10-° | 6x10-3
I 2x1077 | 9x10™* | 6x10-° | 3x10-5 .
Rhodium (45)__._..... Rh 103 m s 8x10-% |4x10" | 3x10~% | 1x10-2
I 6x10-%* |3x107! | 2x10-¢ | 1x102
Rh 105 S5 8x10°7 14x10-? | 3x10® | 1x10-*
I 5x10°7 [ 3x1073 | 2x10-% | 1x10-*
Rubidium (37)......... Rb 86 s 3x1077 | 2x10-* | 1x107® | 7x10-%
1 7x107* [ 7x10°* | 2x10~° | 2x10-%
Rb 87 s 5x1077 [ 3x107* | 2x10-® | (x10-*
1 7x107% | 5x1072 | 2x10~° | 2x10-+
Ruthenium (44) .___ {Ru 97 S 2x107% | Ix107% | 8x10°% | 4x10-4
1 2x10% 1 1x102 | 6x10°% | 3x10-*
Ru 103 S Sx107 j2x10* | 2x10% | 8x10-5 -
1 8x10-% | 2x10™ | 3x10°® | 8x10-*
Ru 105 S Ix10°7 | 3x102 | 2x10-® 1x10-4
1 5x10~7 1 3x10-% | 2x10°% | 1%10+
Ru 106 S 8x10-% [4x10-* | 3x10° | 1x10-%
, I 6x107° | 3x10°* | 2x10'° | 1x10-3 -

See footnotes at end of table
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. APPENDIX A
CONCENTRATIONS IN AIR ANI? WATER
ABOVE NATURAL BACKGROUND
(See notes at end of appendix)
Table 1 Table 11
Element (atomit number) Isotnpe? Column 1 |Column 2 Colump 1 | Column 2
Air Water ir Water
(uc/ml) {uc/mt) C(ue/mi) | (ue/mi)
Samarium (62) Sm 147 S 7x10°"" | 2x107Y | 2x10°72 | 6x10-%5
1 3x10°'% 1 2x10°3 ) 9x107'2 { 7x10-5
Sm 151 S 6x10 8 1x1072 | 2x1077 | 4x10*
i | 1x10°7 [ 1x10°? | 5x10-% | 4x10~*
Sm 153 S5 5x10°7 1 2x1070 | 2x10™> | 8x10-3
1 4x10°7 | 2x1073 ix10® | 8x1079
Scandinm (21) Sc 46 S 2107 [ 1«30 | 8x10 7 | 4x10°5
I 2x10% JIx10Y | 8x10 0 [ 4510
Sc 47 S5 6x10 7 1Ix10 Y | 2x10% [9xi0®
I 5x10.7 [3x107° | 2x10° [9x10-"
Sc 48 S 2x1077 I8x10 4 | 6x10 ? | 3x1Q°%
I Ix107 | 8x10~* | 5x10-* | 3x10°%
Selenium (34) ... |Se 75 S 1x107% {9x107? | 4x10-® | 3x10-*
1 1x1077 [ 8x10°% | 4x10™° | 3x10*
Silicon (14) ... |Si 31 S 6x10¢ {3x10°2 | 2x10-7 | 9xi0-*
1 1x10-° | 6x10-% | 3x10% | 2x104
Silver (47). . ~lAg 105 S 6x107 | 3x107* | 2x10-8 | Ix10"4
1 8x10-® | 3x10-% | 3x10-° | 1x10-*
Ag 110m S 2x10°7 [ 9x10°% | 7x10-® | 3x10°%
1 X108 1ox104 | 3x10 2 | 3x10-5
Agr 111 5 3x10-7 Ix10-3 1x10-% | 4x10°%
1 2x107 1x10°? 8x10-7 | 4x10-%
Sodium (11) .. Na 22 S 2x10°7 1 1x107 | 6x10-% | 4x10-*
1 9x10 * [ 9x10-* | 3x10°'° | 3x10-5
Na 24 5 Ix10 % [ 6x10°Y | 4x107® | 2x10-4
1 Ix10 7 | 8x10-% | 5x10°° | 3x10-%
Strontium (38) . Sr 85 m S Ax10 > [ 2xI0r ) 1xI10 % | 7x10-?
|| 3x1n 2x10? Ixi0A 7x10
Sr 85 S8 2x10 7 | 3x10°2 1 Bx10°7 | 1x10 4
1 Ixjn 7 X0 [ 4ax10 ™ | 2x10-4
Sr &Y s ixio® Ix104 3x10-1° | 3x10°%
1 4x10% | RxiO* ix10-? | 3x10°°
Sr 920 S5 Ix10-7 Ix10-% | 3x107'! | 3x160-7
1 Sx10°7 1110 | 2x10°19 1 4x10°%
Sr 91 k) 4x10°" | 2x107* | 2x10°® | 7x10°%
L1 Iv1n-T 1 Ix107 %1 9x1077 | §x10-8
Sr 92 S 4x10°7 1 2x107% | 2x10°* | 7x10°%
I 3x107 ) 2x107F | 1x10°% | 6x10-°
Sulfur (16) ________|S 35 S 3x1077 | 2x10°% [ 9x10°° | 6x10-5
o I 3x1077 | 8x167 | 9x107 | 3x10-* -
Tantalum (73)....__ {Ta 182 S 4x10-® 1 1x107% | 1x1077 | 4x10-°
: 1 2x107% | 1x107* | 7x107'° | 4x10°5
Technetium (43) ... |Tc 96 m S 8x10-% | 4x10-' | 3x10°% | 1x10-2
1 3x10-° | 3x10°' | 1x10-° | 1x10-
Te 96 S 6x10-7 | 3x10% | 2x10-* | 1x10-4
1 2x10+7 1X107* | 8x10° | 5x10°°
Te 97 m S 2x10-% | 1x10"? | 8x10°° | 4x10-%
I 2x10°7 | 5x107% | 5x10°7 | 2x10*
Te 97 S 1x10-% | 5x10°2 | 4x10~7 | 2x10°?
1 3x10-7 [ 2x107? | 1x10-% | 8x10*
Te 99 m ) 4x10-% | 2x107' | Ix10~® | 6x1073
1 1x10-5 | 8x10°* | 5x10-7 | 3x10°3
Tc 99 S 2x10°% [ 1x10°2 | 7x10°% | 3x10-*
I 6x107% | 5x10°% | 2x10° | 2x10-*
Tellurium (52) ... Te 125 m S 4x1077 | 5x10-? I1x10-® | 2x10-4
I Ix1077 1 3x10°? [ 4x10°% | ix10-4
Te 127 m N Ix10-7 | 2x10°% | 5x10°? | 6x10-°
I 4x10°% | 2x107% | 1x10°? | 5x10°%
Te 127 S 2x107% | Bx107? § 6x10"% | 3x10-4
1 9x1077 | 5x10°? | 3x10°® | 2x10-*

See footnotes at end of table
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. APPENDIX A . .
CONCENTRATIONS IN AIR AND WATER '

ABOVE NATURAL BACKGROUND -
(See notes at end of appendix)
Table t Table 11
Element (atomic number) Isatape? Colutmn 1 Column 2 | Column 1| Column 2
Air Water Air Water
(uc/ml) {uc/m}) (ue/mly | (ue/ml)
Te 129 m S T8x10% 1 1x1077 | 3x10° | 3x)0-5
1 3x10% [ 6x10°* | 1x10°° | 2x1Q-3
Te 129 S 5x10 % [ 2x10°% | 2x107 8x10°4
1 4x10 % [ 2x10°2 | 1x107 | 8x10-*
Te 131 m S 4x10°7 12x10 7 | 1x10-® | 6x10->
1 2x107 [ 1x10* | 6x109 | 4x10 5
Te 132 S 2x107 [ 90t | 7x10°°  x10 *
I 11077 [ 6x10-* | 4x10-2 | 2x10 »
Terbium (65) . _ . {Tb 160 s 1x10-7 [ 1x10* | 3x10-° | 4x10-*
I 3x10-¢ 1x10 3 1x10-7 | 4x10-%
Thallivm (81)__... T 200 8 3x10°% | 1x10°% | 9x10°® | 4x10-*
1 Ix107% | 7x10-2 |} 4x10°% | 2x10-+
T 201 S 2x10-°  19x10 | 7x10-% | 3x10-4
I 9x10~7 | 5x10-* | 3x10-% | 2x10-*
T 202 S 8x10°7 | 4x10™3 | 3x10® | 1x10-*
1 2x107 1 2x10"* | 8x10°% | 7x10~%
T 204 8 6x1077 | 3x10-* | 2x10-* | 1x10-*
. } I 3x107% [ 2x107* | 9x10-'® | 6x10-5
Thorium (90) ... |Th 228 S 9x107'2 | 2x10™4 | 3x10-"3 | 7x10-°
| 6x107'2 | 4x107* | 2x10-'3 | 1x10-5 .
Th 230 S 2x107'2 1 5x10-5 | 8x10-'+ | 2x10-¢
1 1x10°" 1 9x10-4 | 3x10-'* | 3x10-5
Th 232 S Ix10°1Y | 5x10°% | 1x10-'2 | 2x10-¢
I 3x1077" ) 1x107* | 1x107'2 | 4x10-5 -
Th natural S Ix107'' 1 3x10°° | 1x107'? | 1x10 *
1 Ix107'Y 1 3x10 4 Ix10-72 | 1x10-°
Th 234 S 6x10° | Sx104 | 2x10° | 2x10°5
1 Ixio* SxI0 4 Ix10? | 2x10°%
Tholium (69) . . Tm 170 S 4x10® [ 1x10 * | 1x10-* | s5x10 "
1 3x10°% | 1x10°% | Ix10-% | 5x10-%
Tm 171 s 1x107 [ 1x1072 | 4x10-° | 5x10~*
I 2x10-7 {Ix10°% | 8x10-7 | 5x10-+
Tin (50) ... Sn 113 S 4x1077 1 2x10-% | 1x10-% | 9x10-®
1 5x107% | 2x10°* | 2x10-% | 8x1Q-5
Sn 125 S 1x1077 | 5x10~4 | 4x10-° | 2x10-5
| 8x10-° |5x10* | 3x107 | 2x10-*
Tungsten (Wolfram) :
e |W 181 S 2x107¢ [ 1x10-? | 8x10% | 4x10-*
- 1 Ix107 | 1x10"% | 4x10~° | 3x10-*
W 185 S 8x107 | 4x107 | 3x10-® | 1x10-*
1 1x1077 [ 3x107* | 4x10° | 1x10-*
w187 S 4x1077 | 2x10™® | 2x10-* | 7x10-5
1 3x1077 [ 2x107* | 1x10-® | 6x10-5
Uranivm (92)..._____ U 230 5 3x107'° [ Ix10~* | 1x10-'' | 5x10-¢
1 1x10°1° | 1x10°4 | 4x10-'2 | $5x10-¢
U 232 5 1x10°'° | 8x10™4 | 3x10-'2 | 3x10-5
1 3x10-' [ 8x107* | 9x10-'3 { 3x10-5
U 233 S 5x1071° 1 9x10~+ | 2x10-" | 3x10-5
1 1x10-' 1 9x10-4 | 4x10-'2 | 3x10-5
U 234 S 6x10°'° | 9x10~* | 2x10-" | 3x10-5
I 1x107'° 1 9%710-4 | 4x107'2 | 3x10-%
U 235 s 5x10-'° | Bx10~4 | 2x10-v | 3x10-5
I 1x10-1° | 8x10™4 | 4x10-'2 | 3x10-5
L ]
U 236 S 6x107'° 1 1x10-* | 2x10°** | 3x10-5 :
I I1x10-'° | 1x107? | 4x10-'2 | 3x10-5
U 238 S 7x107"" | 1x107® | 3x107'2 | 4x10-%
1 110712 | 1107 | 5x10-'2? | 4x10-% .
U 240 ) 2x10-7 | 1x10-? | 8x10° | 3x10-°
1 2x1077 | 1x10*? | 6x10~° | 3x10-%

See footnotes at end of table

-88-




APPENDIX A

CONCENTRATIONS IN AIR AND WATER
ABOVE NATURAI BACKGROUND

(See notes at end of appendix)

Takle 1 Tahie 11
Element (atomic number) Isotope? Column 1  Column 2 Column 1 | Column 2
ir Water Air Water
{(ug/ml) (ue/ml) Cue/mi) | (uc/ml)
1] natural s Tx10-1t 1S5x10-4 | 3x107'2 | 2x10°%
1 6x10-11 1 5x10-* | 2x10-'2 | 2x10-%
Vanadinm (23) \' 4R S 2x10- 1 9x10-* | 6x10° | 3x10-3
I 6x10 % JRx10 4 | 2x107 | 3x107®
Xenon (54) Xe 131 m Sub | 2x10-% 4x10 7
Xe 133 m Sub Ix10 * Ix10 7
Xe 133 Sub Ixio - 3x10 7
Xe 135 Sub | 4x10-¢ . 1x10-7 ..
Yuerbium (70) Yb 175 S- 7x1077 | 3x10™ | 2x10-2 |- 1x10%
I 6x107 | 3x107* | 2x10°% | 1x10~4
Ytirium (39).... . Y 90 s 1x10-7 | 6x10°* | 4x10°% | 2x10°*°
1 1x10-7 | 6x10** | 3x10°% { 2x10°%
Y 91 m S 2x107* | Ix10°' | 8x1077 | 3x107?
I 2x10-3 1x107' | 6x10°7 | 3x107?
Y 91 S 4x10°% | 8x10~* | I1x10-? | 3x10°3
I 3x107® ! 8x10-* | 1x10°? | 3x10°%
Y 92 S 4x1077 | 2x10- | 1x10°® | 6x10-%
1 3Ix1077 . 2x10°2 1§ Ix10°% | 6x10°%
Y 93 S 2x1077 { Bx104 | 6x107% | 3x10°°
i I Ix10°7 + Rx10-* | 5x10-% | 3x10-%
Zinc (30) 7.n G5 S 1x10-7 | 3x107° | 4x10-7 Ix10 ¢
I 6x10°% 1 5x107 | 2x107 | 2x10°*
Zn 69 m S 4x1077 | 2x107* | 1x10-% | 7x107°
1 Ix10°7 | 2x1077 | Ix10°8 | 6x10°%
7n 69 S 7x107¢ | S5x10-2 | 2x10-7 | 2x10°
1 9x10 4 1 5x10-? | 3x10-7 | 2x10°3
Zirconium (40) 7r 93 5 Ix10 7 1251072 | 4x10°7 | Bx10 4
I Ik 7 2x10°2 Ixl® Hxl()*
Zr 95 5 1x10°7 2x [0 | 4x10 7 6x10 °
1 3100 | 2x10 7 | Ix10°Y | 6x10°3
Zr v7 S Ixlo7 | 5x107% [ 4x10°” | 2x10°*
1 9x10-% | 5x107% | 3x10°7 | 2x10°%
Any single radionu- Sub | 1x10-® 3x10-°
clide not listed '
above with decay
" mode other than
alpha emission or
spontaneous fission
and with radioac-
tive half-life less
than 2 hours
Any single radionu- 3x10% | 9x107% | 1x10-'9 | 3x10-¢
clide not listed - :
above with decay
mode other than
alpha emission or
spontaneous fission
and with radioac-
tive half-life greater
than 2 hours
Any single radionu- 6x107'* | 4x10°7 | 2x10-74 | 3x10-2
clide not listed
above, which decays
by alpha emission or
spontaneous fission.

See footnotes at end of table
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' Soluble (8); Insoluble (I).

? “Sub” means that values given are for submersion in a semi-spherical infinite cloud
“of airborne material.

NOTE: In any case where Lhere is a mixture in air or water of more than one
radionuclide, the limiting values for purposes of this Appendix should be determined
as follows:

1. If the identity and concentration of each radionuclide in the mixture are
known, the limiting values shonld be derived as follows; Determine, for each radio-
nuclide in the mixture, the ratio between the quaatity present in the mixture and
the limit otherwise established in’ Appendix “A” for the specific radionuclide when
rot in a mixture. The sum of such ratios for ail the radionuclides in the mixture
may not exceed “1” (i.e., “unity”).

EXAMPLE: If radionuclides a, b, and ¢ are present in concentrations C., Cy, and C.,
and if the applicable MPC's are MPC., and MPC., and MPC. respectively, then
the concentrations shall be limited so that the following relationship cxists:

C. Ch C.

TG
MPC, MPCy- MPC.

2. If cither the idenlity or the concentration of any radionuclide in the mixture
15 not known, the limiting values for purposes of Appendix “A” shall be: )

a. For purposes of Table J, Col. 1 ... ... . ... 6x10713
b. For purposes of Table 1, Col, 2 ____ .. 4x1077
¢. For purposes of Table II, Col, 1 _ . 2x10'4
d. For purposes of Table II, Col, 2 ... ... 3x10°®

3, If any of the conditions specified below are met, the corresponding values
specified below may be used in lieu of those specified in paragraph 2 above.

a. If the identity of each radionuclide in the mixture is known but the
concentration of one or more of the radionuclides in the mixture is not known, the
concentration limit for the mixture is the limit specified in Appendix “A” for the
radionuclide in the mixture having the lowest concentration limit; or,

b. If the identity of each radionuclide in the mixture js not known, but
it is known that certain radionuclides specified in Appendix “A” are not present in
the mixture, the concentration limit for the mixture is the lowest concentration
limit specified in Appendix “A” for any radionuclide which is not known 1o be
absent from the mixture; or,

Table § Table I}

c. Element (atomic

. Column 1 {Column 2 Column 1 | Column 2
number, and isotope

r Water Air Watsr
(uc/ml) (ut/ml) (ue/mi) | (uc/mt)

If it is known that Sr 90, T 125, 1
126, 1T 129, T 131, (I 133, Table
11 only), Pb 210, Po 210, at 211,
Ra 223, Ra 224, Ra 226, Ac 227,
Ra 228, Th 230, Pa 231, Th 232,
Th-nat, Cm 248, Cf 254, and Fm )
256 are not present .. 9x10°% | L. 3x10-¢

If it is known that Sr 90, T 125, I
126, T 129, d 131, T 133, Table
Il only), Pb 210, Po 210, Ra 223,
Ra 226, Ra 228, Pa 231, Th-nat,
Cm 248, Cf 254, and Fm 256 are

not present ... . | ____ 6x10-3 | ____ 2x10¢

If it is known that Sr 90, I 129, (1
125, T 126, 1 131, Table II only),
Pb 210, Ra 226, Ra 228, Cm 248,
and Cf 254 are not present .. 2x10-%

If it is known that (I 129, Table II
only), Ra 226, and Ra 228 are not
present ..o 3x108 | . 1x10°7

________ 6x10°7

¥ it is known that alpha-emitters and
Sr 90, 1 129, Pb 210, Ac 227, Ra
228, Pa 230, Pu 241, and Bk 249
arec not present . Ix10” L 1x10'°

I it is known that alpha-cmilters and
Pb 210, Ac 227, Ra 228, and Pu
241 are not present . . ... . ... ..

3xjo-'ey L Ix10°7% | .
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Table | Table 1

Element (i\tnfmc Columa 1 | Column 2 Column 1 | Column 2
number and isotope Air Water Air Water
(uc/ml) (uc/m1) (ue/ml) | (uc/mil)

If it is known that alpha-emitters and
Ac 227 are not present ... 3107 ) L iIx10-'2 )

If it is known that Ac 227, Th 230,
Pa 231, Pu 238, Pu 239, Pu 240,
Pu 242, Pu 244, Cm 248, Cf 249,
and Cf 251 are not present . Ix10-'2 | . 1x10°'2

4. If the mixture of radionuclides consists of uranium and its daughter pro-
ducts in ore dust prior to chemical processing of the uranium ore, the values speci-
ficd below may be used in licu of those determined in accordance with paragraph
1 above or those specificd in paragraphs 2 and 3 above.

a. For purposes of Table I, Column 1, 1x107'° uc/ml gross alpha activity;
or 25x10°" we/ml natural wranium; or 75 micrograms per cubic meter of air
natural wranium,

b. For purposes of Table I, Column I, 3%107'? uc/ml gross alpha activity:
or 8x10°'* uc/ml natural uranjum; or 3 micrograms per cubic meter of air natural
uranium.

5. For purposes of this note, a radionuclide may be considered as not present
in a mixture if (a) the ratio of the concentration of that radionuclide in the mixture
(C.) to the concentration limit for that radionuclide specified in Table 11 of

C. 1

=

) and (b) th_e

Appendix “A” (MPC,) does not exceed 1/10, (i.e.,
: MPC, 10

sum of such'ratios for all radionuclides considered as not present in the mixture does’

C. Ch
not exceed ¥4, (ic, -+ + ... = 14).

MPC. MPC.

-91-




PART 9.0
APPENDIX B

Material Microcuries
Americium—241 (Am) 0.01
Antimony-122 (Sh) 100
Antimony-124 (Sb) 10
Antimony-125 (Sb) 10
Arsenic-73 (As) 100
Arsenic—74 (As) 10
Arsenic—~76 (As) 10
Arsenic-77 (As) 100
Bariuw-131 (Ba) 10
Barium-133 (Ba) 10
Barium-140 (Ba) 10
Bismuth-210 (Bi) 1
Bromine-82 (Br) 10
Cadmium—109 (Cd) 10
Cadmium—115m (Cd) 10
Cadmium-115 (Cd) 100
Calcium—45 (Ca) 10
Calcium~47 (Ca) 10
Carbon-14 (C) 100
Coerium—141 (Ce) 100
Cerium—1473 (Ce) 100
Corium=144 (Ce) 1
Cosium—131 (Cs) 1,000
Cesium—134m (Cs) 100
Cesium=134 (Cs) S
Cesium-135 (Cs) 10
Cesium—136 (Cs) 10
Cesium-137 (Cs) 10
Chlorine-36 (C1) 10
Chilorine-38 (Cl) 10
Chromium=~51 (Cr) 1,000
Cobalt-58m (Co) 10
Cobalt 58 (Co) 10
Cobalt~60 (Co) 1
Copper-64 (Cu) 100
Dysprosium-165 (Dy) 10
Dysprosium-166 (Dy) 100
Erbium-169 (Ex) 100
Exrbium-171 (Er) 100
Buropium-152 (9.2 h) (Eu) 100
Europium=152 (13 yr) (Eu) 1
Europium-154 (Eu) 1
Europium-155 (Eu) 10
Fluorine-18 (F) 1,000
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APPENDIX B

(CONT'D.)

Material Microcuries
Gadolinium—153 (Gd) 10
Cadolinima—159 (Gd) 100
Galliun—72 (Ga) 10
Coermmium=71 (Go) 100
Cold=-198 (Au) 100
Gold-199 (Au) 100
Hafnium-181 (Hf) 10
Holmium-166 (Ho) 160
Hydrogen-3 (h) 1,000
Indium-113m (In) 100
Indium-114m (In) 10
Indium-115m (In) 100
Indium-115 (In) 10
Iodine-125 (1) 1
Iodine-~126 (I) 1
Iodine-129 (1) 0.1
Todine-131 (I) 1
Iodine-132 (I) 10
Iodine-133 (1) 1
Iodine-134 (1) 10
Iodine-135 (1) 10
Tridium-192 (Ir) 10
Iridium-194 (Ir) 100
Lron=-55 (TFe) 100
lLron-59 (Fe) 10
Krypton-85 (Kr) 100
Krypton—-87 (Kr) 10
Lanthanum-140 (La) 10
Lutetium~177 (Lu) 100
Manganese-52 (Mn) 10
Manganese~54 (Mn) 10
Manganese-56 (Mn) 10
Mercury-197m (Hg) 100
Mercury-197 (Hg) 100
Mercury-203 (Hg) 10
Molybdenum~-99 (Mo) 100
Neodymium-147 (Nd) 100
Neodymium—149 (Nd) 100
Nickel-59 (Ni) 100
Nickel-63 (Ni) 10
Nickel-65 (Ni) 100
Niobium-93m (Nb) 10
Niobium—95 (Nb) 10
Niobium-97 (Nb) 10
Osmium—-185 (0s) 10




APPENDIX B (CONT'D.)

Material Microcuries
Osmium-191m (0s) 100
Osmium-191 (0s) 100
Osmium~193 (0s) 100
Paliadium~107 (Pd) 100
Palladiun=109 (Pd) 100
Phosphorus-32 (P) 10
Platinum-191 (Pt) 100
Platinum-193m (Pt) 100
Platinum-193 (Pt) : 100
Platinum-197m (Pt) ' 100
Platinum-197 (Pt) 100
Plutonium-239 (Pu) 0.01
Polonium-210 (Po) 0.1
Potassium-42 (K) 10
Praseodymium~142 (Pr) 100
Praseodymium-143 (Pr) : - 100
Promethium-147 (Pm) . 10 -
Promethium-149 (Pm) 10
Radium—-226 (Ra) 0.01
Rhenium-186 (Re) 100
Rhenium-188 (Re) _ . 100
Rhodium-103m (Rh) 100
Rhodium-105 (Rh) - 100
Rubidium-86 (Rb) 10
Rubidium-87 (Rb) 10
Ruthenium-97 (Ru) 100
Ruthenium-103 (Ru) 10
Ruthenium=105 (Ru) _ _ 10 .
Ruthenium-106 (Ru) 1
Samarium-151 (Sm) 10
Samarium~153 (Sm) 100
Scandium-46 (Sc) ' 10
Scandium-47 (Sc) : : 100
Scandium-48 (Sc) ' 10
Selenium-75 (Se) 10
Silicon~31 (5i) 100
Silver-105 (Ap) 10
Silver-110m (Ag) i
Silver-111 (Ag) 100
Sodium-24 (Na) 10
Strontium-85 (Sr) 10
Strontium—89 (Sr) 1
Strontium-90 (Sr) 0.1
Strontium-91 (Sr) 10
Strontium-92 (Sr) 10
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APPENDIX B (CONT'D.)

Material Microcuries
Sulphur-35 (8) 100
Tantalum=182 (Ta) 10
Technetium=96 (‘1'c) 10
Technetium-97m (Te) 100
Technetium-97 (Te) 100
Technetium=-99m (Tc) 100
Technetium-99 (Tc) 10
Tellurium=125m (Te) 10
Tellurium=127m (Te) 10
Tellurium-127 (Te) 100
Tellurium-129m (Te) 10
Tellurium-129 (Te) 100
Tellurium-131m (Te) - 10
Tellurium—-132 (Te) 10
Terbium-160 (Tb) 10
Thallium-200 (T1) 100
Thallium-201 (T1) 100
Thaltium=-202 (T1) 100
Thallium—204 (T1) 10
Thorium (natural) (Th)1 100
Thulium-170 (Tm) 10
Thulium-171 (Tm) 10
Tin-113 (Sn) 10
Tin-125 (Sn) 10
Tungsten—-181 (W) 10
Tunpsten-185 (W) . 10
Tungsten-187 (W) “ 100
Uranium (natural) (U)2 100
Uranium-233 (U) 0.01
Uranium—234 (U)

Uranium-235 (U) 0.01
Vanadium-48 (V) 10
Xenon-131m (Xe) 1,000
Xenon-133 (Xe) 100
Xenon~135 (Xe) 100
Ytterbium-175 (Yb) 100
Yttrium—-90 (Y) 10
Yettrium-91 (Y) 10
Yetrium-92 (Y) 100
Yttrium—93 (Y) 100
Zinc-65 (Zn) 10
Zinc—69m (Zn) 100
Zinc~69 (Zn) 1,000
Zirconium—-93 (Zr) 10




APPENDIX B (CONT'D.)

Material Microcuries -
Zirconium-95 (Zr) ' 10
Ziveonium=97 (Zr) 10 -

Any alpha emitting

radionuc!ide not listed

above or mixtures of

alpha emitters of

unknown composition 0.01

Any radionuclide other

than alpha emitting

radionuclides, not

listed above or

mixtures of beta

emitters of unknown'

composition 0.1

NOTE: For purposes of 3.06, 3.09.3 and 3.09.4, where there is involved a
combination of isotopes in known amounts, the limit for the combinatien
should be derived as follows: Determine, for each isotope in the
combination, the ratio between the quantity present in the combination
and the limit otherwise established for the specific isotope when not in
combination. The sum ol such ratios for all the isotopes in the
combination may not exceed "1" (i.e., "unity"). Example: For purposes
of 3.09.4, if a particular batch contains 20,000 pCi of Au-198 and 50,000
nCi of C-14, it may also include not more than 300 uCi of I-131. This
limit was determined as follows:

20,000 uCi Au-198/100,000 uCi + 50,000 nCi C-14/100,000 ucCi
+ 300 uCi I-131/1,000 pCi =1

The denominator in each of the above ratios was obtained by multiplying
the figure in the table by 1,000 as provided in 3.09.4.

lpased on alpha disintegration rate of Th-232, Th-230 and their *
daughter products

Based on alpha disintegration rate of U-238, U-234, and U-235.




. _ PART 9.0
. “ APPENDIX ¢
Column I Column II

, Not as a - As a

Radioactive Material Sealed Source Sealed Source
(microcuries) (microcuries)

Antimony (Sb 124) ———mwme 1 10
Arscnic 76 (As 76) ———— 10 10
Arscnic 77 (As 77) —————mmmm e 10 10
Barium 140—Lanthanum 140 (BalLa 140) ——- 1 10
Beryllium (Be 7) ————- —_— 50 50
Cadmium 109-Silver 109 (CdAg 109) -w—w- 10 10
Calcium 45 (Ca 45) ——————m— 10 10
Carbon 14 (C 14) -~ -— 50 50
Cerium 144—Praseodymium (CePr 144) ————- 1 10
Cesium—Barium 137 (CsBa 137) ———cmwe—r 1 10
Chlorine 36 (Cl 36) --——————m———————mm 1 _ 10
Chromium 51 (Cr 51) ——=——— 50 - 50
Cobalt 60 (Co 60) ——~——m—mmmmmm 1 10
Copper 64 (Cu 64) ——v—mmmmmm e 50 50
Europium 154 (Eu 154) ———~—vommmmmo—— 1 10
Fluorine 18 (F 18) —- —_— ~ 50 50
Gallium 72 (Ga 72) ————— - 10 - 10
Germanium 71 (Ge 71) —- ——— 50 : 50
Gold 198 (Au 198) ~————m e 10 10
Gold 199 (Au 199) = e 10 10
Hydrogen 3 (Tricium) (H 3) —~—e—mvmme— 250 250
Tndiam 114 (In 114) ————m—m—m e 1 10
Todine 131 (1 131) ————= e 10 10
Iridium 192 (Ir 192) —————rmm—mmmm—— 10 10
Iron 55 (Fe 55) ——=———me—mmmmmm 50 50
Iron 5% (Fe 59) ~———m—mmmm 1 10
Lanthanum 140 (La 140) —————-——mm—m—meams ‘ 10 10
Manganese 52 (Mn 52) ~~———————————meem 1 : 10
Manganese 56 (Mn 56) ——————————m—mwmma 50 50
Molybdenum 99 (Mo 99) —=—m——mmmmmeme 10 10
Nickel 59 (Ni 59) ——mm—mmmmem e 1 10
Nickel 63 (Ni 63) ———— e 1 10
Niobium 95 (Nb 95) e 10 10
Palladium 109 (Pd 109) ———— -~ 10 10
Palladium 103—Rhodium 103 (PdRh 103) -- 50 50
Phosphorus 32 (P 32) —-——— 10 10
Polonium 210 (Pe 210) —————mm—ormo——— -— 0.1 1
Potassium 42 (K 42) ————mmmmmi 10 10
Praseodymium 143 (Pr 143) —————m—mmmen 10 10
Promethium 147 (Pm 147) ———————m o 10 10
Rhenium 186 (Re 186) —~--—- _— 10 10
Radium 226 (Ra 226) ——~~—emrm e 0.1 1
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APPENDIX C
Column I Column 11 .
Not as a As a
Radioactive Material Sealed Source Sealed Source
(microcuries) (microcuries)
Rhodium 105 (Rh 105) ——— o 10 10
Rubidium 86 (Rb 86) == 10 10
Ruthenium 106—Rhodium 106 (RuRh 106)—— 1 10
Samarium 153 (Sm 153) — e 10 10
Scandium 46 (Sc 46) ——————— e _ 1 10
Silver 105 (Ag 105) —- 1 10
Silver 111 (Ag 111) —-—- —_— 10 10
Sodium 22 (Na 22) ——- —_——— 10 10
Sodium 24 (Na 24) ——-- 10 10
Strontium 89 (8t 89) —————— 1 10
Strontium 90~—Yttrium 90 (SrY) -————-= e 0.1 : 1
Sulfur 35 (8 35) —-——— - —_ 50 ' 50
Tantalum 182 (Ta 182) - 10 10
Technetium 96 (Tc 96) ———- 1 . 10
Technetium 99 (Te 99) - —_ - 1 ' 10
Tellurium 127 (Te 127) ———— 10 10 .
Tellurium 129 (Te 129) - - 1 10
Thallium 204 (T1 204) ————— 50 50 -
Tin 113 (Sn 113) —-— - 10 10 -
Tungsten 185 (W 185) —— e 10 10
Vanadium 48 (V 48) ——— e 1 10
Yetriam 90 (Y 90) == 1 10
Yetrium 91 (Y 91) —— e 1 10
Zine 65 (Zn 65) ———— - 10 - 10
Beta and/or Gamma emitting
radioactive material not
listed above -~ - —_—— 1 10

-98-




PART 9.0
APPENDIX D
EXPOSURE FORM INFORMATION

Form RH-14 Occupational External Radiation Exposure History and Instructions

Form RH-15 Current Occupational External Radiation Exposure and Instructions
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NIA DEPARTMENT OF HEALTH

RH-14 VST VLRGI
OCCUPATIONAY, EXTERNAL RADIATION EXPOSURE HISTORY
Se2 Instiucrions on following page :
IDENTIFICATION
1. NAME (Print-Last, First and Middie) 2. SOCIAL SECURITY NO- e
3 DATE OF BIRFTH {(Month, Day, Year: 4. AGE IN FULL YEARS(N) -

~UCCUPATIONAL

XPOSURE-PREVIOUS HISTORY

PREVIOUS DQSE_HISTORY

5 PREVIOUS EMPLOYMENTS INVOLVING 6. DATES OF | 7. PERIODS OF | 8. WHOLE BODY 9. RECORD CR
RADIATION EXPOSURE~-LIST NAME EMPLOYMENT EXPOSURE (REM) CALCULATED
AND ADDRESS OF EMPLOYER (From—tc) {INSERT ONE,

10. REMARKS 1. ACCUMULATED OCCUPATIONAL -
DOSE~-TOTAL
13. CALCULATIONS—PERMIS3IBLE DOSE 12, CERTIFICATION: I CERTIFY THAT THE
EXPOSURE HISTORY LISTED IN COLUMNS 5,
WHOLE BODY: 6, AND 7 IS CORRECT AND COMPLETE TO
(A) PERMISSIBLE ACCUMULATED DOSE _ THE BEST OF MY KNOWLEDGE AND BELIEF.
5(N-18) = " REM
(B) TOTAL EXPOSURE TO DATE (FROM
ITEM 11) = _ REM
_ EMPLOYEE'S SIGNATURE DATE
(C) UNUSED PART OF = _ . REM
PERMISSIBLE
ACCUMULATED
DOSE (A~B)

14. NAME OF LICENSEE




INSTRUCTIONS FOR PREPARATION OF FORM RH~14

- This form or a clear and legible record containing all the information required
on this form must be prepared by each lieeasee or registrant of the West Virginia
Department of Health who, pursuant to Seetien 3.02.1 and 3.02.2, proposes to expose
an individual to a radiation dose in excess of the amounts specified in -Seetion-
3.02.1 of the regulations in Part 3.0'Radiarion Protection Standards". The require-
ment for completion of this form is contained in-Section 3.02.3 of that regulation.
The information contained in this form is used for estiwmating the external
accunulated occupational dose of the individual for whom the form is completed. A
separate Form RH-14 shall be completed for each individual to be exposed to a
radistion dose in excess of the limits specitied in Sectien 3.02.1 of Part 3.0 of the
West Virginia Department of Health regulations.

Listed below by item are instructions and additional information directly
pertinent to completing this form:

Identification:

Item 1. Self-explanatory

Item 2, Self-explanatory except that, if individual has no social security
number, the word '"none'" shall be inserted.

Item 3. Seli-explanatory

Item 4. Enter the age in full years. This is called "N" when used in
calculating the Permissible Dose. N is equal to the number of
years of age of the individual on his last birthday.

Occupational Exposure

Item 5. List the name and address of each previous employer and the address
of employment. Start with the most recent employer and work back.

Include only those periods of employment since the eighteenth
birthday involving occupational exposure to radiation. For periods
of self-employment, insert the word "self-employed'.
Item 6. Give the dates of employment.
Item 7. List periods during which occupational exposure to radiation occurred.
Item 8. List the dose recorded for each period of exposure from records of
previous occupational exposure of the individual as calculated
under Seetitem 3.02.3. Dose is to be given in rem.

"Dose to the whole body" shall be deemed to include any dose to the
whole body, gonads, active blood-forming organs, head and trunk,
or lens of eye.

Item 9. After each entry in Item 8 indicate in Item 9 whether dose is
obtained from records or calculated in accordance with Seetien
3.02.3.

Item 10. Self-explanatory.

Total Accumulated Occupational Dose (Whole Body)

Item 11. The total for the whole body is obtained by summation of all values
in Item 8. '
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INSTRUCTIONS FOR PREPARATION OF FORM RH-14
(continued)

Certitlivatlien

Item 12. Upon completrion of the report, the employee must certify than rhe
intormation in Columns 5, 6, and 7 is accurate and complete s
the best >r his knowiedge. The date is the date of his signatur:

Calzularions

Item i3 be liferime accumulated occupational dose for each indi/idusl nd
the permissible dose under Seetiem 3.02.2 are obtained by carcyiry
out the following steps: The value for N should be taken rcom
ltem 4 Subtraze 18 from N and multiply the difference by 5 rem.
(For example, John Smith, age 32; N=32, PAD=5(32-18)=70 tem. )
Lnter total exposure t3 date from Item 11. Subtract (b) from (ay
and enter the difference under (). The vaiue in (v) represencs
the unused part of the permissible accumulated dose. This value
for permissible dose is to be carried forward to Form RH-15,
"Current Occupational External Radiation Exposure (Whole Body)".

Item 14, Self-explanatory.
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WEST VIRGINIA LEGISLATURE
Legislative Rule-Making Review Commitiee

5 COCHAIRMEN T, i STAFE

. RDBERT M, STEPTOE X LEGISLATIVE SERVICES
STATS SENATE . ; : E-132 gTATE CAPITOL
128 EAST BURXE STREET CHARLESTOM 23308
MARTINSBURG 25401 PHONE (3204) 343.2040

WILLIAM E, SHINGLETON
pa HousE oF DELEGATES
R Box 13548
FAIRMONT 26554

January 12, 1979

Sy,

Hon. A. James Manchin

Secretary of State

W-151 State Capitol

Charleston, West Virginia 25305

Dear Mr. Manchin:

This is notification of approval of rules and regulations
in accordance with Section 11, Article 3, Chapter 29A of the
West Virginia Code.

On January 11, 1979, the Legislative Rule-Making Review
Committee approved regulations submitted by the Department of
Health concerning radiclogical health and the Department of
Natural Resources concerning supplemental pay in lieu of over-
time for conservation officers.

A copy of the approved requlations is attached.
Very truly yours,

Collest 2r, Stnte

Robert M. Steptoe

i .y /A
) (08 vy, F fuéa%l/’m

William E. Shingleton

Enclosure
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4 RH-15 CURRENT OCCUPATIONAL EXTERNAL RADIATION EXPOSURE

. See Instructions on following page
N IDENTIFICATION
1. NAME (Print-Last, first and middle) 2. SOCIAL SECURITY NO.
3. DATE OF BIRTH (Month, day, year) ' 4. NAME OF LICENSEE/REGTSTRANT

_____ OCCUPATTONAL EXPOSURE
5. Dose Recorded for (Specify 6. Whole Body Dose 7. Method of Monitoring (e.g.,

Whole body; skin of whole Status (rem) Film Badge-FB; Pocket Chamber-
body; or hands and fore- PC; Calculations-Calc.)
arms, feet and ankles.)
X or Gamma Beta
Neutrons
8., Period of Exposure 13. Running total for
(From—-to) DOSE FOR THE PERIOD (rem) Calendar Quarter (rem) °
9. X or Gamma | 10. Beta 11. Neutron 12. Total

LIFETIME ACCUMULATED DOSE

14. Previous 15. Total 16. Total Accumu- [17. Perm. Acc. 18. Unused Part
Total (rem) Quarterly lated Dose Dose 5 (N-18) of Permissi-
Dose . (rem) {rem) ble Accumu-
lated Dose
Date Rem (rem)
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INSTRUCTIONS FOR PREPARATION OF 'FORM RH-15

ration and safekeeping of;phis form or a clear and legible rECor¢,¢oqr;-
the information required.on this form is required pursuant to Seetgon 3.12
a Protection Standards," as a current record of occuga;;onalxexternal
posures. Such-a record must be maintained -for eachfgﬁﬁividual for whom
nitoring is required under Seetden 3.05. Ngﬁggﬁgpt a separate Form RH-15
d for recording external ggpQSure to (1) thafhole body; (2) skin of whole
nds and forearms; or (4) feet and ankles, as provided by Item 5 below.

low by item are igspructigg’. ‘% additional information directly pertinent
p this form: e T
1‘

on

Item 1.
Item 2

Sek
““§elf-explanatory except that, if individual has ne social security

i : '-
—explanatory.

number, the word 'none" shall be inserted.
Self-explanatory.
Self-explanatory.

"Dose to the whole body'" shall be deemed to include any dose to the whole
body, gonads, active blood-forming organs, head and trunk, or lens of

eye Unless the lenses of the eyes are protected with eye shields, dose
recorded as whole body douse should include the dose delivered through a
tissue equivalent absorber having a thickness of 300 mg/cm“ or less.

When the lenses of the eyes are protected with eye shields having a
tissue equivalent thickness of at least 700 mg/cmz, dose recorded as
whole body dose should include the dose delivered through a tissue equiv-
alent absorber having a thickness of 1,000 mg/cm2 or less.

Dose recorded as dose to the skin of the whole body, hands and forearms,
or teer and ankles should include the dose delivered through a tissue
equivalent absorber having a thickness of 7 mg/cm2 or less. The dcse to
the skin of the whole body, hands and forearms, or feet and ankles should
be recorded on separate forms unless the dose to those parts of the body
has been included as dose to the whole body on a form maintained for
recording whole body exposure.

This item need be completed only when the sheet is used to record whole
body exposures and the licensee or registrant is exposing the individual
under the provisions of Seetien 3.02.2 which allows up to 3 rems per
quarter to the whole body. Enter in this item the unused part of per-
missible accumulated dose taken from previous records of exposure, i.e.,
Item 18 of the preceding Form RH-15 or Item 13 of. Form RH-14 if the
jndividual's exposure during employment with the licensee or registrant
begins with this record.

Indicate the method used for monitoring the individual's exposure to
each type of radiation to which he is exposed in the course of his
duries. Abbreviations may be used.

Item 3

Item &,
Occupational Exposure

Item 5.

Item 6.

Item 7.

Item 8.

Doses received over a period of less than a calendar quarter need not be
separately entered on the form provided that the licensee or registrant
maintains a current record of the doses raceived by the individual which
have not as yet been entered on the form. The period of exposure should
specify the day the measurement of that exposure was initiated and the
day on which it was terminated. For example, if only. quarterly doses
are entered, the period of exposure for the first calendar quarter of
1962 might be taken as running from Monday, January 1, 1962, through
Friday, March 30, 1962, and would be indicated in this item as

s




B

INSTRUCTTIONS FOR PREPARATION OF FORM RH-15
{Continued) . :

Jan 1, 1962-Mar. 30, 1962. If weekly doses are entered, a film badge
1ssued Monday morning, January 1, 1962, and picked up Friday, January 5,
1962, would be indicated as Jan 1, 1962-Jan. 5, 1962.

Items 9, Self-explanatory. The values are to be given in rem. All measurements

10 and are to be interpreted in the best method known and in accordance with

11. Section 1.04(32). Where calculations are made to determine dose, a copy
of such calculations is to be maintained in conjunction with this
record. In any case where the dose for a calendar quarter 1is less than
10% of the value specified in Seetion 3.02.1, the phrase 'less than
LO%" may be entered in lieu of a numerical value.

Item 12. Add the values under Items 9, 10 and 11 for each period of exposure and
record the total. In calculating the "lotal" any entry "less than 10Z"
may be disregarded.

Item 13. The running total is to be maintained on the basis of calendar quarters.
Seetion 1.04(5) defines calendar quarter. No entry need be made in
this item if only calendar quarter radiation doses are recorded in
ltems 9, 10, 11 and 12.

‘Liferime Accumulated Dose (Wheole Body)

Note: If the licensee or registrant chooses to keep the individual's exposure
below that permitted in Seetien 3.02.1, Items 14 through 18 need not be compleced.
However, in that case the total whole body dose for each calendar quarter recorded
in Item 13 (or in Item 12 1f quarterly doses are entered in Item 12) should not
exceed 1 1/4 rem.

If an individual is exposed under the provisions of feetien 3.02.2, complete
Items 14 through 18 ar the end of each calendar quarter and when the sheet 1s
filled. Values in ltem 13, when in the middle of a calendar quarter, and values
in Item 18, nust be brought forward to next sheet for each individual.

Item 14. Enter rhe previous total accumulated dose from previous dose records
tor the individual (e.g., from ILtem 16 of Form RH-15 or Item 11l of
Form RH-14). The total occupational radiation dose received by the
individual must be entered in this item, including any occupational
dose received from sources of radiation not licensed or registered by
the West Virginia Department of Health. If the individual was
exposed to sources of radiation not licensed or registered by the
West Virginia Department of Health during any calendar quarter after
completing Form RH-14 and personnel monitoring equipment was not worn
by the individual, it should be assumed that the individual received
a dose of 1 1/4 rems during each such calendar quarter.

Item 15. Enter the total calendar quarter dose from Item 13 (or from Item 12
if quarterly doses are entered in Item 12) and the date designating the
end of the calendar quarter in which the dose was received (e.g.,

. March 30, 1962). _

Item 16. Add Item 14 and Item 15 and enter that sum.

Item 17. Obtain the Permissible Accumulated Dose (PAD) in rem for the WHOLE BODY.
"N" is equal to the number of years of age of the individual on his last
birthday. Subtract 18 from N and multiply the difference by 5 rem (e.g.,
John Smith, age 32; N=32, PAD=5(32-18)=70 rem).

Item 18. Determine the unused part of the PAD by subtracting Item 16 from 17.
The unused part of the PAD is that portion of the Lifetime Accumulated

Dose for the individual remaining at the end of the period covered by
this sheet.
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