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(Place substance of rules and other info here. Statutory authority must be given for each rule change. For
information on formatting rules go to http://tn.gov/sos/rules/1360/1360.htm)

Repeal

Chapter 1200-02-05 Standards for Protection Against Radiation is repealed.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

New Rules

Chapter 0400-20-05
Standards for Protection Against Radiation

Table of Contents

0400-20-05-.01
through
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0400-20-05-.31
0400-20-05-.32
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0400-20-05-.36

through
0400-20-05-.39
0400-20-05-.40
0400-20-05-.41

through
0400-20-05-.49
0400-20-05-.50
0400-20-05-.51
0400-20-05-.52
0400-20-05-.53
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through
0400-20-05-.69
0400-20-05-.70
0400-20-05-.71
0400-20-05-.72

through
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0400-20-05-.82
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0400-20-05-.91
0400-20-05-.92
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Reserved
Purpose
Scope
Definitions
Units of Radiation Dose
Units of Radioactivity
Communications

Reserved
Radiation Protection Programs

Reserved
Occupational Dose Limits for Adults
Compliance with Requirements for Summation of External and Internal Doses
Determination of External Dose from Airborne Radioactive Material
Determination of Internal Exposure
Planned Special Exposures
Occupational Dose Limits for Minors
Dose to an Embryo/Fetus
Reserved
Reserved
Order Requiring Furnishing of Bioassay Services
Dose Limits for Individual Members of the Public
Compliance with Dose Limits for Individual Members of the Public

Reserved
General Survey and Monitoring Requirements
Conditions Requiring Individual Monitoring of External and Internal Occupational Dose

Reserved
Control of Access to Very High Radiation Area Requirements
Control of Access to Very High Radiation Areas
Control of Access to Very High Radiation Areas-Irradiators

Reserved
Use of Process or Other Engineering Controls
Use of Other Controls
Use of Individual Respiratory Protection EqUipment
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0400-20-05-.94
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0400-20-05-.131
0400-20-05-.132
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Further Restrictions on the Use of Respiratory Protection Equipment
Application for Use of Higher Assigned Protection Factors

Reserved
Security of Stored Material
Control of Material Not in Storage

Reserved
Caution Signs
Posting Requirements
Reserved
Labeling Containers
Exemptions to Labeling Requirements
Procedures for Receiving and Opening Packages

Reserved
General Disposal Requirements
Method for Granting Approval of Alternative Disposal Procedures
Disposal by Release into Sanitary Sewerage
Treatment or Disposal by Incineration
Disposal of Specific Wastes
Transfer for Disposal and Manifests
Compliance with Environmental and Health Protection Regulations
Disposal of Certain Byproduct Material
Reserved
Reserved
General Records Provisions
Records of Radiation Protection Programs
Records of Surveys
Determination of Prior Occupational Dose
Records of Planned Special Exposures
Records of Individual Monitoring Results
Records of Dose to Individual Members of the Public
Records of Waste Disposal
Records of Testing Entry Control Devices for Very High Radiation Areas
Form of Records
Reports of Theft or Loss of Licensed Material
Notification of Incidents
Reports to Individuals of Exposure to Radiation
Reports of Exposures, Radiation Levels, and Concentrations of Radioactive Material
Exceeding the Limits
Reports of Planned Special Exposures
Notifications, Records and Reports of Misadministration
Reports to Individuals of Exceeding Dose Limits

Reserved
Applications for Exemptions
Additional Requirements
Vacating Premises

Reserved
Violations
Schedules
Type X Quantities and Transport Groups
Reports of Transactions involving Nationally Tracked Sources
Nationally Tracked Source Thresholds
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0400-20-05-.165 Report, Notification, and Records of a Dose to an Embryo/Fetus or a Nursing Child

0400-20-05-.01 through 0400-20-05-.29 Reserved

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.30 Purpose.

(1) . The regulations in Rules 0400-20-05-.30 through 0400-20-05-.165 establish standards for protection
against ionizing radiation. These standards are issued under Tennessee Code Annotated (T.CA) 4-5­
201 et seq. and 68-202-203 and 206, as amended. These standards are also issued to meet the Nuclear
Regulatory Commission's requirements for compatibility as set out in 42 United States Code Annotated
(USCA) Section 2021(d)(2) and 10 CFR 20. It is the intent of the Division of Radiological Health of the
Tennessee Department of Environment and Conservation that these ruies enable the State of Tennessee
to maintain its compatibility as an Agreement State. This principle should be considered, when relevant,
in any interpretation of these rules. To that end, judicial or administrative interpretation of corresponding
rules in other jurisdictions should be given persuasive authority.

(2) The purpose of these standards is to controi the receipt, possession, use, transfer and disposal of
sources of radiation by any person. This is done so that the total dose to an individual from all sources of'
radiation other than background radiation does not exceed these standards. However, nothing in these
standards shall be construed as limiting a licensee's or registrant's actions that may be necessary to
protect health and safety during an emergency.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.31 Scope.

These standards apply to all persons who receive, possess, use, transfer, or dispose of sources of radiation
within the jurisdiction of the State of Tennessee. The limits in these standards do not apply to doses due to
background radiation or to exposure of patients to radiation for medical diagnosis or therapy.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.32 Definitions.

(1) "Absorbed dose" means the energy imparted by ionizing radiation per unit mass of irradiated material.
The units of absorbed dose are the rad and the gray (Gy).

(2) "Act" means the Tennessee Code Annotated, Title 68, Chapter 202, as amended.

(3) "Activity" is the rate of disintegration (transformation) or decay of radioactive material. The units of activity
are the curie (Ci) and the becquerel (Bq).

(4) "Adult" means an individual 18 or more years of age.

(5) "Airborne radioactive material" means radioactive material dispersed in the air in the form of dusts, fumes,
particulates, mists, vapors or gases.

(6) "Airborne radioactivity area" means a room, enclosure, or area in which airborne radioactive materials,
composed wholly or partly of licensed material, exist in concentrations:

(a) In excess of the derived air concentrations (DACs) specified in Schedule RHS 8-30; or

(b) To such a degree that an individual present in the area without respiratory protective equipment
could exceed, during the hours an individual is present in a week, an intake of 0.6 percent of the
annual limit on intake (ALI) or 12 DAC-hours.

(7) "Air-purifying respirator" means a respirator with an air-purifying filter, cartridge or canister that removes
specific air contaminants by passing ambient air through the air-purifying element.

88-7039 (July 2010)
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(8) "ALARA" (acronym for "as low as is reasonably achievable") means making every reasonable effort to
maintain exposures to radiation as far below the dose limits in these standards as is practical consistent
with the purpose for which the activity is undertaken and taking into account:

(a) The state of technology;

(b) The economics of improvements in relation to:

1. The state of technology;

2. Benefits to public health and safety, and other societal and socioeconomic
considerations; and

3. Utiiization of radiation and radioactive materials in the public interest.

(9) "Annual limit on intake" (ALI) means the derived limit for the amount of radioactive material taken into the
body of an adult worker by inhalation or ingestion in a year. ALI is the smaller value of intake of a given
radionucllde in a year by the reference man that would result in a committed effective dose equivalent of
5 rems (0.05 Sv) or a committed dose equivalent of 50 rems (0.5 Sv) to any individual organ or tissue.
ALI values for intake by ingestion and by inhalation of selected radionuclldes are given in Schedule RHS
8-30.

(10) "Assigned protection factor" (APF) means the expected workplace level of respiratory protection that
would be provided by a properly functioning respirator or a class of respirators to properly fitted and
trained users. Operationally, the inhaled concentration can be estimated by dividing the ambient airborne
concentration by the APF.

(11) "Atmosphere-supplying respirator" means a respirator that supplies the respirator user with breathing air
from a source independent of the ambient atmosphere, and includes supplied-air respirators (SARs) and
self-contained breathing apparatus (SCBA) units.

(12) "Background radiation" means radiation from cosmic sources; naturally occurring radioactive material,
including radon (except as a decay product of source or special nuclear material), and global fallout as it
exists in the' environment from the testing of nuclear explosive devices or from past nuclear accidents
such as Chernobyl that contribute to background radiation and are not under the control of the licensee.
"Background radiation" does not include radiation from sources of radiation subject to licensing or
registering by the Division.

(13) "Bioassay" ("radiobioassay") means the determination of kinds, quantities or concentrations, and, in some
cases, the locations of radioactive material in the human body, whether by direct measurement (in vivo
counting) or by analysis and evaluation of materials excreted or removed from the human body.

(14) "Byproduct material" means:

(a) Any radioactive material (except special nuclear material) yielded in or made radioactive by
exposure to the radiation incident to the process of producing or utiiizing special nuclear material;

(b) The tailings or wastes produced by the extraction or concentration of uranium or thorium from ore
processed primarily for its source material content, including discrete surface wastes resulting
from uranium solution extraction processes. Underground ore bodies depleted by these solution
extraction operations do not constitute "byproduct material" within this definition;

(c) 1. Any discrete source of radium-226 that is produced, extracted, or converted after
extraction for use for a commercial, medical, or research activity; or

2. Any material that-

(i) Has been made radioactive by use of a particle accelerator; and
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medical, or research activity; and

(d) Any discrete source of naturally occurring radioactive material, other than source material, that-

1. The Commission, in consultation with the Administrator of the Environmental Protection
Agency, the Secretary of Energy, the Secretary of Homeland Security, and the head of
any other appropriate Federal agency, determines would pose a threat similar to the
threat posed by a discrete source of radium-226 to the public health and safety or the
common defense and security; and

2. Is extracted or converted after extraction for use in a commercial, medical, or research
activity.

(15) "Class" (or "lung class" or "inhalation class") means a classification scheme for inhaled material according
to its rate of clearance from the pulmonary region of the lung. Materials are classified as D, W, or Y,
which appiies to a range of clearance half-times: for Class D (Days) of less than 10 days, for Class W
(Weeks) from 10 to 100 days, and for Class Y (Years) of greater than 100 days.

(16) "Collective dose" is the sum of the individual doses received in a given period of time by a specific
population from exposure to a specific source of radiation.

(17) "Committed dose equivalent" (CDE) (Hr,so) is the dose equivalent to organs or tissues of reference (T)
that will be received from an intake of radioactive material by an individual during the 50 year period
following the intake.

(18) "Committed effective dose equivalent" (CEDE) (HE,so) is the sum of the products of the weighting factors
applicable to each of the body organs or tissues that are irradiated and the committed dose equivalent to
these organs or tissues (HE,so=(EWTHr,so).

(19) "Constraint" (or "dose constraint") means a value above which specified licensee actions are required.

(20) "Declared pregnant woman" means a woman who has voluntarily informed her employer, in writing, of her
pregnancy and the estimated date of conception, The declaration remains in effect until the declared
pregnant woman withdraws the declaration in writing or is no longer pregnant.

(21) "Deep-dose equivalent" (DDE) (Hd), which apr-lies to external whole-body exposure, is the dose
equivalent at a tissue depth of 1 cm (1000 mglcm ). .'.

(22) "Demand respirator" means an atmosphere-supplying respirator that admits breathing air to the facepiece
only when a negative pressure is created inside the facepiece by inhalation,

(23) "Department"Tefers to the Tennessee Department of Environment and Conservation,

(24) "Derived air concentration" (DAC) means the concentration of a given radionuclide in air which, if
breathed by the reference man for a working year of 2,000 hours under conditions of light work (inhalation
rate 1,2 cubic meters of air per hour), results in an intake of one ALI, DAC values are given in Schedule
RHS 8-30,

(25) "Derived air concentration-hour" (DAC-hour) is the product of the concentration of radioactive material in
air (expressed as a fraction or multiple of the derived air concentration for each radionuclide) and the time
of exposure to that radionuclide, in hours, A licensee !)lay take 2,000 DAC-hours to represent one ALI,
equivalent to a committed effective dose equivalent of 5 rems (0,05 Sv),

(26) "Disposable respirator" means a respirator for which maintenance is not intended and that is designed to
be discarded after excessive breathing resistance, sorbent exhaustion, physical damage, or end-of­
service-life renders it unsuitable for use, Examples of this type of respirator are a disposable half-mask
respirator or a disposable escape-only self-contained breathing apparatus (SCBA),

(27) "Division" means the Division of Radiological Health of the Tennessee Department of Environment and
Conservation.
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(28) "Dose or radiation dose" is a generic term that means absorbed dose, dose equivalent, effective dose
equivalent, committed dose equivalent, committed effective dose equivalent, or total effective dose
equivalent, as defined in other paragraphs of this rule.

(29) "Dose equivalent" (Hr) means the product of the absorbed dose in tissue, the quality factor, and all other
necessary modifying factors at the location of interest. The units of dose equivalent are the rem and
sievert (Sv).

(30) "Dosimetry processor" means an individual or an organization that processes and evaluates individuai
monitoring equipment in order to determine the radiation dose delivered to the equipment
(EHE,50=(WrHr,50).

(31) "Effective dose equivalent" (EDE) (HE) is the sum of the products of the dose equivalent to the organ or
tissue (Hr) and the weighting factors (Wr) applicable to each of the body organs or tissues that are
irradiated (HE=(EWrHr).

(32) "Embryo/fetus"-means the deveioping human organism from conception until the time of birth.

(33) "Entrance or access point" means any location through which an individual could gain access to radiation
areas or to sources of radiation. This includes entry or exit portals of sufficient size to permit human
entry, irrespective of their intended use.

(34) "Exposure" means being exposed to ionizing r.adiation or to radioactive material.

(35) "External dose" means that portion of the dose equivalent received from sources of radiation outside the
body.

(36) "Extremity" means hand, elbow, arm below the elbow, foot, knee, or leg below the knee.

(37) "Filtering facepiece" ('dust mask') means a negative pressure particulate respirator with a filter as an
integral part of the facepiece or with the entire facepiece composed of the filtering medium, not equipped
with elastomeric sealing surfaces and adjustable straps.

(38) "Fit factor" means a quantitative estimate of the fit of a particular respirator to a specific individual, and
typically estimates the ratio of the concentration of a substance in ambient air to its concentration inside
the respirator when worn.

(39) "Fit test" means the use of a protocol to evaluate qualitatively or quantitatively the fit of a respirator on an
individual.

(40) "Generally applicable environmental radiation standards" means standards issued by the Environmental
Protection Agency (EPA) under the authority of the Atomic Energy Act of 1954, as amended, that impose
limits on radiation exposures or levels, or concentrations or quantities of radioactive material, in the
general environment outside the boundaries of iocations under the control of persons possessing or using
sources of radiation.

(41) "Government agency" means any executive department, commission, independent establishm€3nt,
corporation wholly or partly owned by the United States of America, which is an instrumentality of the
United States, or any board, bureau, division, service, office, officer, authority, administration, or other
establishment in the executive branch of the Government.

(42) "Gray" (See subparagraph (1)(a) of Rule 0400-20-05-.33).

(43) "Helmet" means a rigid respiratory inlet covering that also provides head protection against impact and
penetration.

(44) "High radiation area" means an area, accessible to individuals, in which radiation levels from radiation
sources external to the body could result in an individual receiving a dose equivalent in excess of 0.1 rem
(1 mSv) in 1 hour at 30 centimeters from the source of radiation or from any surface that the radiation
penetrates.
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(45) . "Hood" means a respiratory inlet covering that completely covers the head and neck and may also cover
portions of the shoulders and torso.

(46) "Individual" means any human being.

(47) "Individual monitoring" means:

(a) The assessment of dose equivalent by the use of devices designed to be worn by an individual;

(b) The assessment of committed effective dose equivalent by bioassay (see Bioassay) or by
determination of the time-weighted air concentrations to which an individual has been exposed,
I.e., DAC-hours; or

(c) The assessment of dose equivalent by the use of survey data.

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59) .

(60)

(61)

"Individual monitoring devices" ("individual monitoring equipment") means devices designed to be worn by
a single individual for the assessment of dose equivalent, such as film badges, thermoluminescence
dosimeters (TLDs), pocket ionization chambers, and personal ("lapel") air sampling devices.

"Internal dose" means that portion of the dose equivalent received from radioactive material taken into the
body.

"Lens dose equivalent" applies to the external exposure of the lens of the eye and is taken as the dose
equivalent at a tissue depth of 0.3 centimeter (300 mg/cm\

"License" means a license issued under the regulations in Chapter 0400-20-10.

"Licensed material" means radioactive material received, possessed, used, transferred or disposed of
under a general or specific license issued by the Division.

"Licensee" means the holder of a license.

"Limits" ("dose limits") means the permissible upper bounds of radiation doses.

"Loose-fitting facepiece" means a respiratory inlet covering that is designed to form a partial seal with the
face.

"Lost" or "missing radioactive material" means radioactive material whose location is unknown. It includes
material that has been shipped but has not reached its destination and whose location cannot be readily
traced in the transportation system.

"Member of the public" means any individual except when that individual is receiving an occupational
dose.

"Minor" means an individual less than 18 years of age.

"Misadministration" means an event that meets the criteria in Rule 0400-20-05-.145.

"Monitoring" ("radiation monitoring", "radiation protection monitoring") means the measurement of
radiation levels, concentrations, surface area concentrations or quantities of radioactive material and the
use of the results of these measurements to evaluate potential exposures and doses.

"Nationally tracked sources" means a sealed source containing a quantity equal to or greater than
Category 1 or Category 2 levels of any radioactive material listed in Rule 0400-20-05-.164. In this context
a sealed source is defined as radioactive material that is sealed in a capsule or closely bonded, in a solid
form and which is not exempt from regulatory control. It does not mean material encapsulated solely for
disposal or nuclear material contained in any fuel assembly, subassembly, fuel rod, or fuel pellet.
Category 1 nationally tracked sources are those containing radioactive material at a quantity equal to or
greater than the Category 1 threshold. Category 2 nationally tracked sources are those containing
radioactive material at a quantity equal to or greater than the Category 2 threshold but less than the
Category 1 threshold.
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(62) "Negative pressure respirator" ("tight fitting") means a respirator in which the air pressure inside the
facepiece is negative during inhaiation with respect to the ambient air pressure outside the respirator.

(63) "Nonstochastic effect" means health effects, the severity of which varies with the dose and for which a
threshold is believed to exist. Radiation-induced cataract formation is an example of a nonstochastic
effect (also called a deterministic effect).

(64) "NRC" means the Nuclear Regulatory Commission or its dUly authorized representatives.

(65) "Occupational dose" means the dose received by an individual in the course of employment In which the
individual's assigned duties involve exposure to radiation or to radioactive material from registered,
unregistered, licensed and unlicensed sources of radiation, whether in the possession of the licensee,
registrant or other person. Occupational dose does not include dose received from background radiation,
from any medical administration the individual has received, from exposure to individuals administered
radioactive material and released in accordance with Rule 0400-20-07-.35, from voluntary participation in
medical research programs, or as a member of the pUblic.

(66) "Person" means an individual, trust, firm, joint stock company, corporation (including a government
corporation), partnership, association, state, municipality, commission, political subdivision of a state, any
interstate body, any governmental agency of this state and any department, agency or instrumentality of
the federal government.

(67) "Planned special exposure" (PSE) means an infrequent exposure to radiation, separate from and in
addition to the annual dose limits.

(68) "Positive pressure respirator" means a respirator in which the pressure inside the respiratory inlet
covering exceeds the ambient air pressure outside the respirator.

(69) "Powered air-purifying respirator" (PAPR) means an air-purifying respirator that uses a blower to force the
ambient air through air-purifying elements to the inlet covering.

(70) "Pressure demand respirator" means a positive pressure atmosphere-supplying respirator that admits
breathing air to the facepiece when the positive pressure is reduced inside the facepiece by inhalation.

(71) "Public dose" means the dose received by a member of the public from exposure to radiation or to
radioactive material released by a licensee, or to any other source of radiation under the control of a
licensee or registrant. Public Dose does not include occupational dose or doses received from
background radiation, from any medical administration the individual has received, from exposure to
individuals administered radioactive material and released in accordance with Rule 0400-20-07-.35, or
from voluntary participation in medical research programs.

(72) "Qualitative fit test" (QLFT) means a pass/fail fit test to assess the adequacy of respirator fit that relies on
the individual's response to the test agent.

(73) "Quality factor" (Q) means the modifying factor (see Tables RHS 5-1 and RHS 5-2) that is used to derive
dose equivalent from absorbed dose.

(74) "Quantitative fit test" (QNFT) means an assessment of the adequacy of respirator fit by numerically
measuring the amount of leakage into the respirator.

(75) "Quarter" means a period of time equal to one-fourth of the year observed by the licensee or registrant
(approximately 13 consecutive weeks), providing that the beginning of the first quarter in a year coincides
with the starting date of the year and that no day is omitted or duplicated in consecutive quarters.

(76) ''Rad'' (See Rule 0400-20-05-.33(1)(b)).

(77) "Radiation" includes all ionizing electromagnetic waves and corpuscular emissions such as, but not
necessarily limited to, gamma rays and x-rays, alpha and beta particles, electrons, neutrons, and protons,
and other nuclear particles, but not radio waves or visible, infrared, or ultraviolet light.
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(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

(86)

(87)

(88)

"Radiation area" means an area, accessible to individuals, in which radiation levels could result in an
individual receiving a dose equivalent in excess of 0.005 rem (0.05 mSv) in 1 hour at 30 centimeters froril
the source of radiation or from any surface that the radiation penetrates.

"Reference man" means a hypothetical aggregation of human physical and physiological characteristics
arrived at by the Division after considering among others data and information published by the
International Commission on Radiation Protection and the National Council on Radiation Protection and
Measurements.

"Rem" (See Rule 0400-20-05-.33(1)(c».

"Respiratory protective device" means an apparatus, such as a respirator, used to reduce the individual's
intake of airborne radioactive materials.

"Restricted area" means an area, access to which is limited by the licensee or registrant for the purpose
of protecting individuals against undue risks from exposure to radiation and radioactive materials.
Restricted area does not include areas used as residential quarters, but separate rooms in a residential
building may be set apart as a restricted area.

"Sanitary sewerage" means a system of public sewers for carrying off waste water and refuse, but
excluding sewage treatment facilities, septic tanks, and leach fields owned or operated by the licensee.

"Self-contained breathing apparatus" (SCBA) means an atmosphere-supplying respirator. for which the
breathing air source is designed to be carried by the user.

"Shallow-dose equivalent (Hs)", which applies to the external exposure of the skin of the whole body or
the skin of an extremity, is taken as the dose equivalent at a tissue depth of 0.007 centimeter (7 mg/cm\

"Sievert" (See Rule 0400-20-05-.33(1 ltd)).

"Site boundary" means that line beyond which the land or property is not owned, leased or otherwise
controlled by the licensee or registrant.

"Source material" refers to:

(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%) or more of: uranium, thorium
or any combinations thereof. Source material does not inciude special nuclear material.

(89) "Stochastic effects" means health effects that occur randomly and for which the probability of the effect
occurring, rather than its severity, is assumed to be a linear function of dose without threshold.
Hereditary effects and cancer incidence are examples of stochastic effects.

(90) "Supplied-air respirator" (SAR) or "airline respirator" means an atmosphere-supplying respirator for which
the source of breathing air is not designed to be carried by the user.

(91) "Survey" means an evaluation of the radiological conditions and potential hazards incident to the
production, use, transfer, release, disposal, or presence of radioactive material or other sources of
radiation. When appropriate, such an evaluation includes a physical survey of the location of a source of
radiation and measurements or calculations of levels of radiation or concentrations or quantities of
radioactive material present.

(92) "Tight-fitting facepiece" means a respiratory inlet covering that forms a complete seal with the face.

(93) "Total effective dose equivalent" (TEDE) means the sum of the effective dose equivalent (for external
exposures) and the committed effective dose equivalent (for internal exposures).

(94) "Unrestricted area" means an area, access to which is neither limited nor controlled by the licensee or
registrant.
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(95) "User .seal check" ("fit check") means an action conducted by the respirator user to determine if the
respirator is properly seated to the face. Examples include negative pressure check, positive pressure
check, irritant smoke check or isoamyl acetate check.

(96). "Very high radiation area" means an area accessible to individuals in which radiation levels from radiation
sources external to the body could result in an individual receiving an absorbed dose in excess of 500
rads (5 grays) in 1 hour at 1 meter from a source of radiation or 1 meter from any surface that the
radiation penetrates.

(Note: At very high doses received at high dose rates,. units of absorbed dose (e.g., rads and grays) are
appropriate; rather than units of dose equivalent (e.g., rems and sieverts)).

(97) "Week" means 7 consecutive days starting on Sunday.

(98) "Weighting factor (Wr), for an organ or tissue (T)" is the proportion of the risk of stochastic effects
resulting from irradiation of the organ or tissue to the total risk of stochastic effects when the whole body
is irradiated uniformly. For calculating the effective dose equivalent, the values ofWT are:

ORGAN DOSE WEIGHTING FACTORS

Organ or Tissue

Gonads
Breasts
Red Bone Marrow
Lung
Thyroid
Bone Surfaces
Remainder
Whole Body

0.25
0.15
0.12
0.12
0.03
0.03
'0.30
21.00

1 0.30 results from 0.06 for each of 5 "remainder" organs (excluding the skin and the lens of the eye) that
receive the highest doses.

2 For the purpose of weighting the external whole body dose (for adding it to the internal dose), a single
weighting factor, Wr=1.0, has been specified. The use of other weighting factors for external exposure
will be approved on a case-by-case basis until such time as specific guidance is issued.

(99) "Whole body" means, for purposes of external exposure, head, trunk (including male gonads), arms
above the elbow, or legs above the knee.

(100) "Working level" (WL) is any combination of short-lived radon daughters (for radon-222: polonium-218,
lead-214, bismuth-214, and polonium-214; and for radon-220: polonium-216, lead-212, bismuth-212, and
polonium-212) in 1 liter of air that will result in the ultimate emission of 1.3 x 105 MeV of potential alpha
particle energy.

(101) "Working level month" (WLM) means an exposure to 1 working level for 170 hours (2,000 working hours
per year/12 months per year = approximately 170 hours per month).

(102) "Year" means the period of time beginning in January used to determine compliance with the provisions
of these standards. The licensee or registrant may change the starting date of the year used to
determine compliance by the licensee or registrant provided that the change is made at the beginning of
the year and that no day is omitted or duplicated In consecutive years.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.33 Units of Radiation Dose.

(1) Definitions. As used in these standards the units of radiation dose are:

(a) Gray (Gy) is the Sl unit of absorbed dose. One gray is equal to an absorbed dose of 1
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joule/kilogram (100 rads).

(b) . Rad is the special unit of absorbed dose. One rad is equal to an absorbed dose of 100 ergs/gram
or 0.01 joule/kilogram (0.01 gray).

(c) Rem Is the special unit of any of the quantities expressed as dose equivalent. The dose
equivalent in rems is equal to the absorbed dose in rads multiplied by the quality factor (1 rem =
0.01 sievert).

(d) Sievert is the SI unit of any of the quantities expressed as dose equivalent. The dose equivalent
In sleverts Is equal to the absorbed dose in grays multiplied by the quality factor (1 Sv = 100
rems).

(2) As used in these standards the quality factors for converting absorbed dose to dose equivalent are shown
in Table RHS 5-1.

TABLE RHS 5-1 QUALITY FACTORS AND ABSORBED DOSE
EQUIVALENCIES

Type of Radiation Quality Factor (Q)

X-, gamma, or beta radiation 1

Absorbed dose
equal to a unit dose
equivalent'
1

Alpha particles, multiple charged 20
particles, fission fragments and
heavy particles of unknown
charge

0.05

Neutrons of unknown energy 10 0.1

High-energy protons 10 . 0.1
, Absorbed dose in rad equal to 1 rem or the absorbed dose in gray equal to 1 sievert.

If measuring the neutron fluence rate is more convenient than determining the neutron dose equivalent rate as
provided in this paragraph, 1 rem (0.01 Sv) of neutron radiation of unknown energies may be assumed to result
from a total fluence of 25 million neutrons per square centimeter incident upon the body. If sufficient information
exists to estimate the approximate energy distribution of the neutrons, the licensee or registrant may use the
fluence rate per unit dose equivalent or the appropriate Q value from Table RHS 5-2 to convert a measured tissue
dose in rads to dose equivalent in rems. .

TABLE RHS 5-2 MEAN QUALITY FACTORS, Q, AND FLUENCE PER UNIT DOSE
EQUIVALENT FOR MONOENERGETIC NEUTRONS

Neutron Quality Fluence per unit
Energy Factor" dose equivalent b

(MeV) (Q) (neutrons cm·2 rem")
(Thermal). 2.5x10·a 2 980x10·

1 x 10.7 2 980x10·
1 x 10" 2 81 Ox1 O'
1 x 10.5 2 810x10' .
1 x 10'4 2 840x10'
1 x 10.3 2 980x10'
1 x 10'2 2.5 1010x10"
1 x 10" 7.5 170x10'
5 x 10" 11 39x10'
1 11 27x10"
2.5 9 29x10"
5 8 23x10'
7 7 24x10'
10 6.5 24x10'
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14 7.5 17x10"
W 8 1~1if

40 7 14x10"
60 5.5 16x10"
1 x 102 4 20x10"
2 x 102 3.5 19x10"
3 x 102 3.5 16x106

4 X 102 3.5 14x10"
a Value of quality factor (0) at the point where the dose equivalent is maximum in a 30-cm diameter cylinder
tissue-equivalent phantom.
b Monoenergetic neutrons incident normally on a 30-cm diameter cylinder tissue-equivalent phantom.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.34 Units of Radioactivity.

(1) For the purposes of these standards, activity is expressed in the special unit of curies (Ci) or in the SI unit
of becquerels (Bq), or their multiples, or disintegrations (transformations) per unit of time.

(a) One becquerel = 1 disintegration per second (s").

(b) One curie = 3.7 x 10'0 disintegrations per second = 3.7 x 10'0 becquerels = 2.22 x 1012

disintegrations per minute.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.35 Communications.

Unless otherwise specified, communications or reports concerning the regulations should be addressed to the
Director, Division of Radiological Health: and mailed to the address given in Rule 0400-20-04-.07.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.36 Through 0400-20-05-.39 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.40 Radiation Protection Programs.

(1) Each licensee and registrant shall develop, document and implement a radiation protection program for a
licensee's or registrant's activities that ensures compliance with these standards. See Rule 0400-20-05­
.131 for recordkeeping requirements relating to these programs.

(2) The licensee's or registrant's procedures and engineering controls shall be based on sound radiation
protection principles and shall achieve occupational doses and doses to members of the public that are
ALARA.

(3) The licensee or registrant shall periodically (at least annually) review radiation protection program content
and implementation.

(4) To implement the ALARA reqUirements of paragraph (2) of this rule and notwithstanding the requirements
in Rule 0400-20-05-.70, licensees shall establish a constraint on air emissions of radioactive material to
the environment, excluding radon-222 and its daughters. The constraint shall ensure that the individual
member of the public likely to receive the highest dose shall not be expected to receive a total effective
dose equivalent in excess of 10 millirems (0.1 millisievert) per year from these emissions. If a licensee
exceeds this dose constraint, the licensee shall report the occurrence as provided in Rule 0400-20-05­
.143 and take prompt, appropriate corrective action to ensure against recurrence.

17

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.41 through 0400-20-05-.49 Reserved.
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Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.50 Occupational Dose Limits for Adults.

(1) Except for planned special exposures under Rule 0400-20-05-.54, the licensee or registrant shall limit the
occupational dose to individual adults to the following annual dose limits:

(a) An annual limit that is the lesser of:

1. A total effective dose equivalent of 5 rems (0.05 Sv) or

2. The sum of the deep-dose equivalent and the committed dose equivalent to any
individual organ or tissue other than the lens of the eye equal to 50 rems (0.5 Sv).

(b) The annual limits to the lens of the eye, to the skin of the whole body and to the skin of the
extremities:

1. A lens-dose equivalent to 15 rems (0.15 Sv), and

2. A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin of the whole body or to the
skin of any extremity.

(2) The amount by which occupational dose from all sources exceeds an individual's annual limits shall be
subtracted from the individual's limits for planned special exposures for the current year and for lifetime
exposure. See parts (1)(1)1 and 2 of Rule 0400-20-05-.54.

(3) When external exposure is determined by measurement with an external personal monitoring device, the
deep-dose equivalent must be used in place of the effective dose equivalent, unless the effective dose
equivalent is determined by a dosimetry method approved by the Division or by the Nuclear Regulatory
Commission. The assigned deep-dose equivalent shall be for the part of the body receiving the highest
exposure. The assigned shallow-dose equivalent shall be the dose averaged over the contiguous 10 cm2

of skin receiving the highest exposure. Deep-dose, lens-dose and shallow-dose equivalents may be
assessed from surveys or other radiation measurements to demonstrate compliance with occupational
dose limits. However, this may be done only if the individual monitoring device was not subject to the
highest potential exposure, or the individual monitoring results are unavailable.

(4) Derived air concentration (DAC) and annual limit on intake (ALI) values are presented in Schedule RHS
8-30 and may be used to determine the individual's dose and demonstrate compliance with the
occupational dose limits.

(5) In addition to the annual dose limits, the licensee shall limit the soluble uranium intake by an individual to
10 milligrams in a week in consideration of chemical toxicity (see footnote 3 of Schedule RHS 8-30).

(6) The licensee shall reduce the dose that an individual may be allowed to receive in the current year by the
amount of occupational dose received while employed by any other person.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.51 Compliance with Requirements for Summation of External and Internal Doses.

(1) If the licensee is required to monitor under subparagraphs (1)(a) and (b) of Rule 0400-20-05-.71, the
licensee shall demonstrate compliance with the dose limits by summing external and internal doses. If
the licensee or registrant is reqUired to monitor only under subparagraph (1)(a) of Rule 0400-20-05-.71 or
only under subparagraph (1)(b) of Rule 0400-20-05-.71 then summation is not required to demonstrate
compliance with the dose limits. The licensee may demonstrate compliance with the requirements for
summation of external and internal doses by meeting one of the conditions specified in paragraph (2) of
this rule and the conditions in paragraphs (3) and (4) of this rule.

(Note: The dose equivalents for the lens of the eye, the skin, and the extremities are not included in the
summation, but are sUbject to separate limits.)
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(2) Intake by inhalation. If the only intake of radionuclides is by inhalation, the total effective dose equivalent
limit is not exceeded if the sum of the deep-dose equivalent divided by the total effective dose equivalent
limit, and one of the following, does not exceed unity:

(a)

(b)

The sum of the fractions of the inhalation ALI for each radionuclide; or

The total number of derived air concentration-hours (DAC-hours) for all radionuclides divided by
2,000; or

(c) The sum of the calculated committed effective dose equivalents to all significantly irradiated
organs or tissues (T)1 where the organ dose is expressed as a fraction of the annual limit. This
sum shall be calculated from bioassay data using appropriate biological models.

(3) Intake by oral ingestion. The licensee shall account for oral ingestion of radionuclides and include it in
demonstrating compliance with the limits when:

(a) The occupationally exposed individual intakes radionuclides by ingestion; and

(b) The oral ingestion exceeds 10 percent of the applicable oral ALI.

(4) Intake through wounds or absorption through skin. The licensee shall evaluate and, to the extent
practical, account for intakes through wounds or skin absorption.

(Note: The intake through intact skin has been included in the calculation of DAC for hydrogen-3 and
does not need to be further evaluated.)

0400-20-05-.52 Determination of External Dose from Airborne Radioactive Material.

In determining the dose from airborne radioactive material, the licensee shall include the contribution to the deep­
dose equivalent, lens-dose equivalent, and shallow-dose equivalent from external exposure to the radioactive
cloud (see Schedule RHS 8-30 footnotes 1 and 2).

(Note: Airborne radioactivity measurements and DAC values should not be used as the primary means to assess
the deep-dose equivalent when the airborne radioactive material includes radionuclides other than noble gases or
if the cloud of airborne radioactive material is not relatively uniform. The determination of the deep-dose
equivalent to an individual should be based upon measurements using instruments or individual monitoring
devices.)

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.53 Determination of Internal Exposure.

(1) To assess the dose used to determine compliance with occupational dose equivalent limits, and when
required by Rule 0400-20-05-.71, the licensee shall take suitable and timely measurements of:

(a) Concentrations of radioactive materials in air in work areas; or

(b) Quantities of radionuclides in the body; or

(c) Quantities of radionuclides excreted from the body; or

(d) Combinations of these measurements.

(2) The licensee shall assume that the concentration of airborne radioactive material inhaled by an individual
is equal to the concentration in the individual's ambient air unless:

(a) Respiratory protective equipment is used, as provided in Rule 0400-20-05-.92; or
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(b) The assessment of intake is based on bioassays.

(3) When .specific information is known about the physical and biochemical properties of the radionuclides
taken into the body or the behavior of the material in an individual. the licensee may:

(a) Use that information to calculate the committed effective dose equivalent. and if used. the
licensee shall document that information in the individual's record; and

(b) Upon prior approval of the Division adjust the DAC or ALI values to reflect the actual physical and
chemical characteristics of airborne radioactive material (e.g .• aerosol size distribution or density);
and

(c) Separately.assess the contribution of fractional intakes of Class D, W or Y compounds of a given
radionuclide (see Schedule RHS 8-30) to the committed effective dose equivalent.

(4) If the licensee uses the measurements in subparagraph (1)(b) or (c) of this rule to assess intakes of Class
Y material. the licensee may delay recording and reporting the assessments for up to 7 months. This
delay is allowed only if:

(a) It is necessary to make additional measurements basic to the assessments;

(b) Recording and reporting are not otherwise required by Rule 0400-20-05-.141 or 0400-20-05-.143.

(5) If the identity and concentration of each radionuclide in a mixture are known, the fraction of the DAC
applicable to the mixture for use in calculating DAC-hours must be either:

(a) The sum of the ratios of the concentration to the appropriate DAC value (e.g.• D. W, Y) from
Schedule RHS 8-30 for each radionuclide in the mixture; or

(b) The ratio of the total concentration for all radionuclides in the mixture to the most restrictive DAC
value for any radionuclide in the mixture.

(6) 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 DAC for the mixture must be the most restrictive DAC of
any radionuclide in the mixture.

(7) When a mixture of radionuclides in air exists. licensees may disregard certain radionuclides in the mixture
if:

(a) The licensee uses the total actiVity of the mixture in demonstrating compliance with the dose
limits in Rule 0400-20-05-.50 and in complying with the monitoring requirements in sUbparagraph
(1)(b) of Rule 0400-20-05-.71;

(b) The concentration of any radionuclide disregarded is less than 10 percent of its DAC; and

(c) The sum of the percentages for all disregarded radionuclides does not exceed 30 percent.

(8) To calculate the committed effective dose equivalent, the licensee may assume that the inhalation of one
ALI. or an exposure of 2,000 DAC-hours. results in a committed effective dose equivalent of 5 rems (0.05
Sv). This assumption may only be made for radionuclides that have their ALis or DACs based on the
committed effective dose equivalent.

(9) When the ALI (and the associated DAC) is ,determined by the nonstochastic organ dose limit of 50 rems
(0.5 Sv). the intake of radionuclides that would result in a committed effective dose equivalent of 5 rems
(0.05 Sv) (the stochastic ALI) is listed in parentheses in Table 1 of Schedule RHS 8-30. In this case. the
licensee may. as a simplifying assumption, use the stochastic ALis to determine committed effective dose
equivalent. However, if the licensee uses the stochastic ALls, the licensee must also demonstrate that
the limit in subparagraph (1)(a) of Rule 0400-20-05-.50 is met.

Authority: T.CA §§ 68-202-201 et seq.. and 4-5-201 et seq.
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0400-20-05-.54 Planned Special Exposures.

(1).. . A licensee or registrant may authorize an adult worker to receive doses in addition to the doses received
under the limits specified in Rule 0400-20-05-.50. Additional doses are allowed only if the following
conditions are satisfied:

(a) The additional doses are accounted for separately from the doses received under the limits In
Rule 0400-20-05-.50.

(b) The licensee or registrant authorizes a planned special exposure only in an exceptional situation
when alternatives that might avoid the dose estimated to result from the planned special
exposure are unavailable or Impractical.

(c) The licensee or registrant (and employer if different from the licensee or registrant) gives specific
written authorization before the planned special exposure occurs.

(d) Before a planned special exposure, the licensee or registrant ensures that the Individuals
involved are:

1. Informed of the purpose of the planned operation;

2. Informed of the estimated doses and associated potential risks and specific radiation
levels or other conditions that might be involved in performing the task; and

3. Instructed in the measures to be taken to keep the dose ALARA considering other risks
that may be present.

(e) Prior to permitting an individual to participate in a planned special exposure, the licensee or
registrant ascertains prior doses during the lifetime of the individual for each individual involved,
as required by paragraph (2) of Rule 0400-20-05-.133.

(I) Subject to paragraph (2) of Rule 0400-20-05-.50 the licensee or registrant does not authorize a
planned special exposure that would cause an individual to receive a dose from all planned
special exposures and all doses in excess of the limits to exceed:

1. The numerical values of any of the dose limits In paragraph (1) of Rule 0400-20-05-.50 in
any year; and

2. Five times the annual dose limits In paragraph (1) of Rule 0400-20-05-.50 during the
individual's lifetime.

(g) The licensee or registrant maintains records of the conduct of a planned special exposure In
accordance with Rule 0400-20-05-.134 and submits a written report in accordance with Rule
0400-20-05-.144.

(h) The licensee or registrant records In the individual's record the best estimate of the dose resulting
from the planned special exposure. The dose from planned special exposures Is not to be
considered In controlling future occupational dose of the individual under paragraph (1) of Rule
0400-20-05-.50 but is to be included In evaluations required by sUbparagraphs (1)(e) and (I) of
this rule.

(I) The licensee or registrant gives the individual written notice of the estimated dose within 30 days
after the date of the planned special exposure.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.55 Occupational Dose Limits for Minors.

The annual occupational dose limits for minors are 10 percent of the annual dose limits specified for adult workers
In Rule 0400-20-05-.50.
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Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.56 Dose to an Embryo/Fetus.

(1 )

(2)

(3)

The licensee or registrant shall ensure that the dose equivalent to an embryo/fetus during the entire
pregnancy; due to occupational exposure of a declared pregnant woman, does not exceed 0.5 rem (5
mSv). (For recordkeeping requirements see Rule 0400-20-05-.135).

Using ALARA the licensee or registrant shall make efforts to avoid substantial variation above a uniform
monthly exposure rate to a declared pregnant woman.

The dose equivalent to an embryo/fetus shall be taken as the sum of:

(a) The deep-dose equivalent to the declared pregnant woman; and

(b) The dose equivalent to the embryo/fetus from radionuclides in the embryo/fetus and radionuclides
in the declared pregnant woman.

(4) If when a woman declares her pregnancy to the licensee or registrant the dose equivalent to the
embryo/fetus is found to be 0.45 rem (4.5 mSv) or greater, the embryo/fetus is permitted an additional
dose equivalent not exceeding 0.05 rem (0.5 mSv) during the remainder of the pregnancy.

Authority: T.GA §§ 68-202-201 et seq" and 4-5-201 et seq.

0400-20-05-.57 through 0400-20-05-.58 Reserved.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.59 Order Requiring Furnishing of Bioassay Services.

Where necessary to ascertain the extent of an individual's exposure to concentrations of radioactive material, the
Division may require a licensee to make available to the individual bioassay services and to furnish a copy of the
reports of such services to the Division.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.60 Dose Limits for Individual Members of the Public.

(1) Each licensee and registrant shall conduct operations so that:

(a) The total effective dose equivalent received by any individual member of the public from the
licensed or registered operation does not exceed 0.1 rem (1 mSv) in a year. This limit is
exclusive of the dose contribution from background radiation, from any medical administration the
individual has received, from exposure to individuals administered radioactive material and
released in accordance with Rule 0400-20-07-.35, from voluntary participation in medical
research programs, and from the licensee's disposal of radioactive material into sanitary
sewerage in accordance with Rule 0400-20-05-.122; and

(b) The dose in any unrestricted area from external sources, exciusive of the dose contributions from
patients administered radioactive material and released in accordance with Rule 0400-20-07-.35,
does not exceed 0.002 rem (0.02 mSv) in anyone hour.

(2) If a licensee or registrant permits members of the public to have access to controlled areas, the limit for
members of the public continues to apply to those individuals.

(3) Notwithstanding paragraph (1 )(a) of this rule, a licensee or registrant may permit visitors to an individual
who cannot be released, under Rule 0400-20-07-.35, to receive a radiation dose greater than 0.1 rem
(1mSv) if:
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(a) The radiation dose received does not exceed 0.5 rem (5 mSv); and
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(b) The authorized user, as defined in Rule 0400-20-07-.05, has determined before the visit that it is
appropriate.

(4) A licensee, registrant or applicant may appiy for prior authorization to operate up to an annual dose limit
for an individual member of the public of 0.5 rem (5 mSv). This application by the licensee, registrant or
applicant shall include the following:

(a) Demonstration of the need for and the expected duration of operations in excess of the limit in
paragraph (1) of this rule;

(b) The licensee's or registrant's program to assess and control dose within the 0.5 rem (5 mSv)
annual limit; and

(c) The procedures to be followed to maintain the dose as low as is reasonably achievable (ALARA).

(5) In addition to the requirements of this chapter, a licensee or registrant subject to the provisions of EPA's
generally applicable environmental radiation standards in 40 CFR Part 190 shall comply with those
standards.

(6) The Division may impose additional restrictions on radiation levels in unrestricted areas and on the total
quantity of radionuclides that a licensee or registrant may release in effluents in order to restrict the
collective dose.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.61 Compliance with Dose Limits for Individual Members of the Public.

(1) The licensee or registrant shall demonstrate compliance with the dose limits in Rule 0400-20-05-.60 by
making or causing to be made surveys of:

(a) Radiation levels in unrestricted and restricted areas; and

(b) Radiation levels and radioactive materials in effluents released to unrestricted areas.

(2)' A licensee or registrant shall show compliance with the annual dose limit in Rule 0400-20-05-.60 by:

(ar Demonstrating by measurement or calculation that the individual likely to receive the highest dose
from the licensee's or registrant's operation does not receive a total effective dose eqUivalent
exceeding the annual dose limit; or

(b) Demonstrating that:

1. The annual average concentrations of radioactive material released in gaseous and liquid
effluents at the boundary of the unrestricted area do not exceed the values specified in
Table 2 of Schedule RHS 8-30; and

2. If an individual were continually present in an unrestricted area, the dose from external
sources would not exceed 0.002 rem (0.02 mSv) in an hour and 0.05 rem (0.5 mSv) in a
year.

(3) Upon approval from the Division, the licensee may adjust the effluent concentration values in Schedule
RHS 8-30, Table 2, for members of the public, to take into account the actual physical and chemical
characteristics of the effluents (e.g., aerosol size distribution, solubility, density, radioactive decay
equilibrium, chemical form).
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Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.62 through 0400-20-05-.69 Reserved.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.
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0400-20-05-.70 General Survey and Monitoring Requirements.

(1) Each licensee and registrant shall make or cause to be made, surveys that:

(a) May be necessary for the licensee or registrant to comply with the standards in this chapter; and

(b) Are reasonable under the circumstances to evaluate:

1. The magnitude and extent of radiation levels;

2. Concentrations or quantities of radioactive material; and

3. The potential radiological hazards.

(2) The licensee or registrant shall ensure that instruments and equipment used for quantitative radiation
measurements (e.g., dose rate and effluent monitoring) are calibrated periodically for the radiation
measured.

(3) Except for direct and indirect reading pocket ionization chambers and those dosimeters used to measure
the dose to the extremities, all personnel dosimeters for determining the dose and used to comply With
these standards or with conditions specified in a license or registration shall be processed and evaluated
by a dosimetry processor:

(a) Holding current personnel dosimetry accreditation from the National Voluntary Laboratory
Accreditation Program (NVLAP) of the National Institute of Standards and Technology; and

(b) Approved for processing and evaluating dosimeters exposed to the type of radiation(s) included
in the NVLAP program that most closely approximates the type of radiation(s) being monitored by
the dosimeter.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.71 Conditions Requiring Individual Monitoring of External and Internal Occupational Dose.

(1) Each licensee and registrant shall monitor exposures to radiation and radioactive material at levels
sufficient to demonstrate compliance with the occupational dose limits of this chapter:

(a) Each licensee and registrant shall monitor occupational exposure to radiation from licensed or
unlicensed and registered or unregistered radiation sources under the control of the licensee and
registrant and shall supply and require the use of individual monitoring devices by:

1. Adults likely to receive, in 1 year from sources external to the body, a dose in excess of
10 percent of the limits in Rule 0400-20-05-.50;

2. Minors likely to receive, in 1 year from radiation sources external to the body, a deep
dose equivalent in excess of 0.1 rem (1 mSv), a lens dose equivalent in excess of 0.15
rem (1.5 mSv), or a shallow dose equivalent to the skin or to the extremities in excess of
0.5 rem (5 mSv); .

3. Declared pregnant women likely to receive during the entire pregnancy, from radiation
sources external to the body, a deep dose equivalent in excess of 0.1 rem (1 mSv) 2; and

4, Individuals entering a high or very high radiation area.

(2) Each licensee shall monitor (see Rule 0400-20-05-.53) the occupational intake of radioactive material by,
and assess the committed effective dose equivalent to:
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(a) Adults likely to receive, in 1 year, an intake in excess of ten percent of the applicable ALI(s) in
Table 1, Columns 1 and 2, of Schedule RHS 8-30;

(b) Minors likely to receive, in 1 year, a committed effective dose equivalent in excess of 0.1 rem (1
mSv); and

(c) Declared pregnant women likely to receive, during the entire pregnancy, a committed effective
dose equivalent in excess of 0.1 rem (1 mSv).

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.72 through 0400-20-05-.79 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.80 Control of Access to High Radiation Area Requirements.

(1) The licensee or registrant shall ensure that each access to a high radiation area has one or more of the
following control features:

(a) A device that, upon an attempt at entry and before any opening into the area occurs, reduces the
level of radiation. Before an opening occurs the level of radiation shall be below that at which an
individual could receive a deep-dose equivalent of 0.1 rem (1 mSv) in 1 hour at 30 centimeters
from the source of radiation or any surface that the radiation penetrates;

(b) A device that emits a conspicuously visible or audible alarm so the individual entering the high
radiation area and the supervisor of the activity are made aware of the entry; or

(c) Locked entryways, except when access to the area is required, with positive control over each
individual entry.

(2) In the case of a high radiation area established for a period of 30 days or less, the licensee or registrant
may substitute continuous direct or electronic surveillance to prevent unauthorized entry for the controls
required in paragraph (1) of this rule.

(3) A licensee or registrant may apply to the Division for approval of alternative methods for controlling
access to high radiation areas.

(4) No control required by paragraphs (1) through (3) of this rule shall prevent individuals from leaving a high
radiation area.

(5) Control is not required for each entrance or access point to a room or other area that is a high radiation
area solely because of the presence of radioactive materials prepared for transport and packaged and
labeled in accordance with the regulations of the U.S. Department of Transportation provided that:

(a) The packages do not remain in the area longer than 3 days; and

(b) . The dose rate at 1 meter from the external surface of any package does not exceed 0.01 rem (0.1
mSv) per hour.

(6) Control of areas in hospitals is not required solely because of the presence of patients containing
radioactive material, provided:

(a) There are personnel in attendance who will take necessary precautions to prevent exposure of
individuals to radiation or radioactive material in excess of the limits in these standards; and

(b) The licensee operates within the ALARA provisions of its radiation protection program.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.
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0400-20-05-.81 Control of Access to Very High Radiation Areas.
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In addition to the requirements in Rule 0400-20-05-.80, the licensee or registrant shall institute additional
me'asures to ensure that an individual is not able to gain unauthorized or inadvertent access to areas in which
radiation levels could be encountered at 500 rads (5 grays) or more in 1 hour at 1 meter from a source of radiation
or any surface through which the radiation penetrates.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.82 Control of Access to Very High Radiation Areas - Irradiators.

(1 ) Each area in which there may exist radiation levels in excess of 500 rads (5 grays) in 1 hour at 1 meter
from a radiation source3 that is used to irradiate materials shall meet the following requirements:

(a) At least one authorized person who is familiar with the activity of the facility and is prepared to
render or summon assistance shall be physically present when radiation is produced.

(b) Each installation shall have primary barriers and/or secondary barriers sufficient to assure
compliance with Rules 0400-20-05-.50, 0400-20-05-.55, 0400-20-05-.56 and 0400-20-05-.60 of
these standards.

(c) Each irradiation area shall be constructed so that persons within the area shall at all times be
able to leave. Access control devices required by parts (h)2 through 4 of this paragraph shall not
prevent an individual from leaving the area.

(d) Devices and administrative procedures shall control each area to ensure that the area is clear of
individuals prior to irradiation.

(e) After any use of the radiation source and prior to the first individual's entry into the area, the area
shall be surveyed to ensure that the radiation level in the area from the radiation source is below
that at which an individual could receive a deep-dose equivalent in excess of 0.1 rem (1 mSv) in 1
hour.

(f) Control Panel:

1. Only the operator at the control panel shall be able to activate an irradiator to create a
radiation field in any area.

2. The irradiator control panel shall be provided with a locking device to prevent
unauthorized use. The locking device shall, when locked, make the irradiator incapable
of creating a radiation field.

3. The control panel and each entrance to an irradiation area shall have a device that gives
a continuous indication of the radiation levels present in the area(s).

4. All meters and controls on the irradiator control panel shall be Identified and discernible.

5. The operator shall have at the control panel a copy of operating and emergency
procedures specific for that facility.

(g) Warning Devices:

1. Each area shall have devices that automatically generate conspicuously visible and
audible alarm signals for at least five (5) seconds before irradiation begins. Following
activation of these warning devices, there shall be a delay of not less than thirty (30)
seconds before the irradiation may begin. The alarm signals shall be discernible in all
irradiation areas. The alarm signals shall be sufficient to alert personnel in the area and
to allow any individual in the area to reach and to operate the clearly identified
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emergency shut-off switches required in part (h)1 of this paragraph.

2. Each area shall have visible flashing or rotating warning lights that operate when, and
only when, radiation is being produced. Each entrance shall have a visible warning
device that need not be flashing or rotating, but which operates when, and only when,
radiation is being produced.

(h) Control Devices:

1. Each area shall contain accessible emergency shut-off switches. Operation of an
emergency shut-off switch shall prevent irradiation from occurring. These switches and
their mode of operation shall be identified by a conspicuously posted sign adjacent to
each switch. Shut-off switches shall include a manual reset at each switch that must be
reset at the switch before the irradiator may be reactivated by the operator at the control
panel.

2. Each entrance or access point shall be equipped with interlocks. When any interlock is
interrupted, broken, or tripped and before any opening into the area occurs, either:

(i) The irradiator shall shut off automatically; or

(Ii) The radiation level within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour.

After shut-off or reduction in output, restoring the irradiator to full operation shall be
possible only from the control panel.

3. Additional control devices shall be proVided so that, upon failure of the interlocks to
function as required by part 2 of this subparagraph:

(i) The radiation levei within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour; and

(Ii) Conspicuously visible and audible alarm signals shall be generated that make
the following persons aware of the hazard and of the failure of the interlocks:

(I) Any individual attempting to enter the area; and

(II) The individual required to be present in SUbparagraph (a) of this
paragraph.

4. Interlocks shall not be used to shut off the Irradiator except in an emergency or during
testing.

5. Interlocks shall be bypassed only to test, adjust, maintain, and/or rearrange equipment.
A conspicuous indication of the bypassed condition shall be made at the control panel.
This SUbparagraph does not authorize the operation of an irradiator with warning devices,
interlocks, emergency shut-off switches or other control devices that are incapable of
proper operation.

6. Activities in which interlocks are bypassed as permitted under part 5 of this SUbparagraph
shall be:

(i) Authorized only by the radiation safety officer;

(Ii) Performed only for a specified time;

(iii) Recorded, showing:
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(I) Date,

(II) Length of time bypassed,

(III) Reason for bypassing, and

(IV) Signature of the individual installing and removing the bypass.

These records shall be maintained for inspection by the Division; and

(Iv) Performed at low power and current, if possible.

7. No individual shall be permitted to enter an area, the access of which is controlled by
interlocks, while such interlocks are bypassed as permitted in part 5 of this SUbparagraph,
unless such individual is utilizing personnel monitoring equipment that shall give an
audible indication when a dose rate of 0.015 rem (0.15 mSv) per hour is exceeded. The
personnel monitoring equipment referred to in this part is in addition to that required
elsewhere in these standards. Calibration requirements in paragraph (2) of Rule 0400­
20-05-.70 shall also apply to such personnel monitoring equipment.

8. The licensee or registrant shall provide control devices so that, upon failure or removal of
physical radiation barriers other than a sealed source's shielded storage container:

(i) The radiation level within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour; and

(ii) Conspicuously visible and audible alarm signals shall be generated that make
the following persons aware of the hazard and of the failure or removal of the
physical barrier:

(I) Any individual attempting to enter the area; and

(II) The individual required to be present in SUbparagraph (a) of this
paragraph.

9. When the shield for the stored sealed source(s) is a liquid, the licensee shall provide
means to monitor the integrity of the shield and to signal, automatically, loss of adequate
shielding.

10. Physical radiation barriers that comprise permanent structural components, such as
walls, which have no credible probability of failure or removal in ordinary circumstances
need not meet the requirements of part 8 of this subparagraph.

(i) There shall be available at each facility portable radiation monitoring equipment that is operable
and has been calibrated for the radiations being produced by the facility. Such equipment shall
be tested for operation and calibrated at intervals not to exceed 3 months and after each
instrument servicing or repair. A note shall be attached to each instrument showing the latest
calibration date. Records of calibration shall be maintained for inspection by the Division.

OJ The interlock and emergency shut-off systems required in subparagraph (h) of this paragraph
shall be separate electrical circuits and/or mechanical systems.

(k) Electrical circuit diagrams of the irradiator and the associated interlock and emergency shut-off
systems shall be kept current and on file at each irradiator facility.

(I) The access control and warning devices required in subparagraphs (g) and (h) of this paragraph
shall have been tested for proper functioning (see Rule 0400-20-05-.138 for recordkeeping
requirements).

1. Unless irradiation was continued uninterrupted from the previous day, testing shall be
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conducted prior to daily initiation of irradiation;

2. After any unintended interruption, testing shall be conducted prior to resumption of
irradiation; and

3. The licensee or registrant shall submit and adhere to a schedule for periodic tests of the
access control and warning systems.

(m) The licensee or registrant shall not conduct operations, other than those necessary to place the
radiation source in safe condition or to effect repairs on controls, unless control and warning
devices are functioning properly.

(n) Portals used in transporting only materials to and from the irradiation area shall be controlled by
devices and administrative procedures that warn and physically protect individuals from
inadvertent entry. Exit portals shall be equipped to:

1. Detect and signal the presence of any loose radiation sources being carried toward such
an exit; and

2. Automatically prevent loose radiation sources from being carried out of the area.

(0) Licensees, registrants or applicants may apply to the Division for approval of alternative safety
measures for irradiators, provided:

1. The irradiator is within the purview of this rule;

2. The irradiator will be used in a variety of positions or locations (such as open fields or
forests) that make it impractical to comply with certain requirements of sUbparagraph (h)
of this paragraph (such as automatic control of radiation levels);

3. Any alternative safety measures shall provide a degree of personnel protection at least
equivalent to those specified in this rule;

. 4. At least one of the alternative measures shall include an access-preventing interlock
control based on a measurement of the radiation. This interlock control shall ensure that
no individual can gain access to the area in which an individual could receive a deep­
dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour at 30 centimeters from the
radiation source or any surface that the radiation penetrates.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.83 through 0400-20-05-.89 Reserved.

0400-20-05-.90 Use of Process or Other Engineering Controls.

The licensee shall use, to the extent practicable, process or other engineering controls (e.g., containment,
decontamination or ventilation) to control the concentrations of radioactive material in air.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.91 Use of Other Controls.

(1) The licensee shall maintain the total effective dose equivalent ALARA by limiting intakes and increased
monitoring if process or other engineering controls are not practical to control airborne radioactive
materials concentration below those contained in the definition of airborne radioactivity area in Rule 0400­
20-05-.32. The limitation of intakes and increased monitoring shall be by one or more of the following
means:

(a) Control of access;

(b) Limitation of exposure times;
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(cl Use of respiratory protection equipment; or

(d) Other mechanisms specifically approved by the Division.

(2) If the licensee performs an ALARA analysis to determine whether respirators should be used, the
licensee may consider safety factors other than radiological factors. The licensee should also consider
the impact of respirator use on workers' industrial health and safety.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.92 Use of Individual Respiratory Protection Equipment.

(1) If the licensee assigns or permits the use of respiratory protection equipment to limit intakes pursuant to
Rule 0400-20-05-.91:

(a) The licensee shall use only respiratory protection equipment that is tested and certified or had
certification extended by the National Institute for Occupational Safety and Health/Mine Safety
and Health Administration (NIOSH/MSHA), except as otherwise noted in this chapter.

(b) A licensee desiring to use equipment that has not been tested or certified by NIOSH, or for which
there is no schedule for testing or certification, shall apply for authorization except as provided in
this chapter. The application shall demonstrate by licensee testing or on the basis of reliable test
information, that the equipment's material and performance characteristics provide protection
equivalent to that of the equipment in subparagraph (a) of this paragraph under anticipated
conditions of use. .

(cl The licensee shall implement and maintain a respiratory protection program that includes:

1. Air sampling sufficient to identify the potential hazard, permit proper equipment selection
and estimate doses;

2. Surveys and bioassays, as appropriate, to evaluate actual intakes;

3. Testing of respirators for operability (user seal check for face sealing devices and
functional check for other) immediately before each use;

4. Written procedures regarding:

(i) The routine, non-routine and emergency use of respirators,

(ii) Respirator selection,

(iii) Fit testing,

(iv) Limitations on periods of respirator use and relief from respirator use,

(v) Storage, issuance, maintenance, repair, testing and quality assurance of
respiratory protection equipment, including testing for operability immediately
before each use;

(vi) Supervision and training of respirator users;

(vii) Monitoring, including air sampling and bioassays;

(viii) Breathing air quality;

(ix) Inventory and control;

(x) Record keeping; and

88-7039 (July 2010)
30

RDA 1693



(xi) The use of process or other engineering controls, instead of respirators;

5. Determination by a physician that the individual user is medically fit to use the respiratory
protection equipment before:

(I) The initial fitling of a face-sealing respirator;

(ii) The first field use of non-face-sealing respirators; and

(iii) Either every 12 months thereafter or periodically at a frequency determined by a
physician;

6. Fit testing, with fit factor" 10 times the APF for negative pressure devices, and a fit factor
" 500 for any positive pressure, continuous flow, and pressure-demand devices, before
the first field use of tight fitting, face-sealing respirators and periodically thereafter at a
frequency not to exceed 1 year. Fit testing must be performed with the facepiece
operating in the negative pressure mode.

(d) The licensee shall advise each respirator user that the user may leave the area at any time for
relief from respirator use in the event of equipment malfunction, physical or psychological
distress, procedural or communication failure, significant deterioration of operating conditions or
any other conditions that might require such relief.

(e) The licensee's use of the equipment shall not exceed the equipment's specifications. The
licensee shall provide proper visual, communication and other special capabilities (such as
adequate skin protection) when needed.

(I) The licensee shall also consider limitations appropriate to the type and mode of use. When
selecting respiratory devices the licensee shall provide for vision correction, adequate
communication, low temperature work environments and. the concurrent use of other safety or
radiological protection equipment. The licensee shall use equipment in such a way as not to
interfere with the proper operation of the respirator.

(g) Standby rescue persons are required whenever one-piece atmosphere-supplying suits, or any
combination of supplied air respiratory protection device and personnel protective equipment are
used from which an unaided individual would have difficulty extricating himself or herself. The
standby persons shall be equipped with respiratory protection devices or other apparatus
appropriate for the potential hazards. The standby rescue persons shall observe or otherwise
maintain continuous communication with the workers (visual, voice, signal line, telephone, radio,
or other suitable means), and be immediately available to assist them in case of a failure of the
air supply or for any other reason that requires relief from distress. A sufficient number of
standby rescue persons shall be immediately available to assist all users of this type of
equipment and to provide effective emergency rescue if needed.

(h) Atmosphere-supplying respirators shall be supplied with respirable air of grade D quality or better
as defined by the Compressed Gas Association in publication G-7.1, "Commodity Specification
for Air," 1997 and included in the regulations of the Occupational Safety and Health
Administration (29 CFR 1910.134(i)(1)(ii)(A) through (E). Grade D quality air criteria include:

1. Oxygen content (v/v) of 19.5-23.5%;

2. Hydrocarbon (condensed) content of 5 milligrams per cubic meter of air or less;

3. Carbon monoxide (CO) content of 10 ppm or less;

4. Carbon dioxide content of 1,000 ppm or less; and

5. Lack of noticeable odor.

(i) The licensee shall ensure that no objects, materials or substances, such as facial hair, or any
conditions that interfere with the face -- facepiece seal or valve function, and that are under the

88-7039 (July 2010)
31

RDA 1693



control of the respirator wearer, are present between the skin of the wearer's face and the sealing
surface of a tight-fitling respirator facepiece.

OJ In estimating the dose to individuals from intake of airborne radioactive materials, the
concentration of radioactive material in the air that is inhaled when respirators are worn is initially

.assumed to be the ambient concentration in air without respiratory protection, divided by the
assigned protection factor. If the dose is later found to be greater than the estimated dose, the
corrected value shall be used. If the dose is later found to be less than the estimated dose, the
corrected value may be used.

(2) In estimating an individual's exposure to airborne radioactive materials, the licensee may make allowance
for respiratory protection equipment used to limit intakes pursuant to Rule 0400-20-05-.91. To make such
an allowance the following conditions, in addition to those in paragraph (1) of this rule shall be satisfied:

(a) The licensee selects respiratory protection equipment that provides a protection factor (see
Schedule RHS 8-32) greater than the multiple by which peak concentrations of airborne
radioactive materials in the working area are expected to exceed the values specified in Schedule
RHS 8-30, Table 1, Column 3. if the selection of a respiratory protection device with a protection
factor greater than the peak concentrations is inconsistent with the goal specified in Rule 0400­
20-05-.91 of keeping the total effective dose equivalent ALARA, the licensee may select
respiratory protection equipment with a lower protection factor only if such a selection would
result in keeping the total effective dose equivalent ALARA. The concentration of radioactive
material inhaled when respirators are used may be initially estimated by dividing the average
concentration in air, during each period of uninterrupted respirator use, by the protection factor. If
the exposure is later found to exceed the estimate, the corrected value shall be used; if the
exposure is later found to be less than the estimate, the corrected value may be used.

(b) The license~ shall obtain authorization from the Division before assigning respiratory protection
factors in excess of those specified in Schedule RHS 8-32. The Division may authorize a
licensee to use higher protection factors on receipt of an application that:

1. Describes the situation for which a need exists for higher protection factors; and

2. Demonstrates that the respiratory protection equipment provides these higher protection
factors under the proposed conditions of use.

(c) The licensee shall use as emergency devices only respiratory protection equipment that has been
specifically certified or had certification extended for emergency use by NIOSH/MSHA.

(d) The licensee shall notify, in writing, the Division at least 30 days before ·the date that respiratory
protection equipment is first used under the provisions of either paragraph (1) or (2) of this rule.

Authority: T.CA §§ 68-202-201 et seq" and 4-5-201 et seq.

0400-20-05-.93 Further Restrictions on the Use of Respiratory Protection Equipment.

(1) The Division may impose restrictions in addition to those in Rules 0400-20-05-.91 and 0400-20-05-.92
and in Schedule RHS 8-32 to:

(a) Ensure that the respiratory protection program of the licensee is adequate to limit doses of
individuals from intakes of airborne radioactive materials consistent with maintaining total
effective dose equivalent ALARA; and

(b) Limit the extent to which a licensee may use respiratory protection equipment instead of process
or other engineering controls.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.94 Application for Use of Higher Assigned Protection Factors.

(1) The licensee shall obtain authorization from the Division before using assigned respiratory protection
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factors in excess of those specified in Schedule RHS 8-32. The Division may authorize a licensee to use
higher protection factors on receipt of an application that:

(a) Describes the situation for which a need exists for higher protection factors; and

(b) Demonstrates that the respiratory protection equipment provides these higher protection factors
under the proposed conditions of use.

(2) Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.95 through 0400-20-05-.99 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.100 Security of Stored Material.

The licensee or registrant shall secure stored radiation sources against unauthorized access or removal.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.101 Control of Material Not in Storage.

The licensee shall control and maintain constant surveillance of radioactive material that is not in storage.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.102 through 0400-20-05-.109 Reserved.

0400-20-05-.110 Caution Signs.

(1) Unless otherwise authorized by the Division, the standard radiation symbol prescribed by this Chapter
shall use the colors magenta, or purple, or black on yellow background. The symbol prescribed by this
chapter is the three-bladed design:

RADIATION SYMBOL

(a) Cross-hatched area is to be magenta, or purple, or black; and

(b) The background is to be yellow.
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(2) The color requirements of paragraph (1) of this rule do not apply to licensees and registrants who use
conspicuously etched or stamped radiation symbols to label sources, source holders or device
components containing sources of radiation that are subjected to high temperatures.
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(3) On or near the required signs and labels, the licensee or registrant may provide additional information to
make individuals aware of potential radiation exposures and to minimize the exposures.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.111 Posting Requirements.

(1) The licensee or registrant shall post each radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, RADIATION AREA."

(2) The licensee or registrant shall post each high radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, HIGH RADIATION AREA" or "DANGER, HIGH RADIATION
AREA."

(3) The licensee or registrant shall post each very high radiation area with a conspicuous sign or signs
bearing the radiation symbol and words "GRAVE DANGER, VERY HIGH RADIATION AREA."

(4) The licensee shall post each airborne radioactivity area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, AIRBORNE RADIOACTIVITY AREA" or "DANGER,
AIRBORNE RADIOACTIVITY AREA."

(5) Each area where radioactive material is used or stored in amounts exceeding 10 times that specified in
Schedule RHS 8-31 shall be posted by the licensee with conspicuous sign(s) bearing the radiation
symbol and the words "CAUTION, RADIOACTIVE MATERIAL(S)" or "DANGER, RADIOACTIVE
MATERIAL(S)."

(6) A licensee is not required to post caution signs in areas or rooms containing radioactive materials for
periods of less than 8 hours, if each of the following conditions is met:

(a) The materials are constantly attended during these periods by an individual who takes the
precautions necessary to prevent the exposure of individuals to radiation or radioactive materials
in excess of the limits established in this chapter; and

(b) The area or room is subject to the licensee's control.

(7) Rooms or other areas in hospitals that are occupied by patients are not required to be posted with caution
signs pursuant to this rule proVided that:

(a) The patient is being treated with sealed sources or has been treated with unsealed radioactive
material in quantities less than 30 millicuries (110 MBq) or the measured dose rate at 1 meter
from the patient is less than 0.005 rem (0.05 mSv) per hour; and

(b) There are personnel in attendance who will take the necessary precautions to:

1. Prevent the exposure of individuals to radiation and radioactive material in excess of
these Basic Standards; and

2. Operate within the ALARA provisions of the licensee's radiation protection program.

(8) 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 at 30 centimeters from the surface of the source container or housing
does not exceed 0.005 rem (0.05 mSv) per hour.

(9) A room containing medical or dental diagnostic x-ray equipment, restricted to use within the room, need
not be posted as noted in paragraphs (1) and (2) of this rule provided: .

(a) The registrant exercises control to ensure the patient will be the only person exposed to radiation
levels exceeding the limits in these standards; and
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(b) Each room entrance is identified as an "X-ray Room".
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(10) Provided a room or area is not otherwise required to be posted under paragraphs (1) or (2) of this rule, a
room or·area will not have to be so posted because mobile or portable medical or dental diagnostic x-ray
equipment is intermittently used between rooms and/or areas.

(11) All radiation machines shall be clearly labeled at the control panel near the switch that energizes the
apparatus, and at any remote switch that energize the apparatus, with the words "CAUTION
RADIATION - THIS EQUIPMENT PRODUCES RADIATION WHEN ENERGIZED" or "DANGER ­
RADIATION - THIS EQUIPMENT PRODUCES RADIATION WHEN ENERGIZED"

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.112 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.113 Labeling Containers.

(1)· The licensee shall ensure that each container of radioactive material bears a durable, clearly visible label
bearing the radiation symbol and the words "CAUTION, RADIOACTiVE MATERIAL" or "DANGER,
RADIOACTIVE MATERIAL." The label shall also provide sufficient information to permit individuals
handling, using or in the vicinity of the containers to take precautions to avoid or minimize exposures.
Such information may need to include, without limitation, the radionuclide(s) present, an estimate of the
quantity of radioactivity, the date for which the activity is estimated, radiation levels, the kinds of material
and the mass enrichment.

(2) Prior to removal or disposal of empty uncontaminated containers to unrestricted areas, the licensee shall:

(a) Remove or deface the radioactive material label; or

(b) Otherwise clearly indicate that the container no longer contains radioactive materials.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.114 Exemptions To Labeling Requirements.

(1) A licensee is not required to label:

(a) Containers holding radioactive material in quantities less than the quantities listed in Schedule
RHS 8-31;

(b) Containers holding radioactive material in concentrations less than those specified in Table 2 of
Schedule RHS 8-30;

(c) Containers attended by an individual who takes the precautions necessary to prevent the
exposure of individuals in excess of the limits established by this chapter;

(d) Containers when they are in transport and packaged and labeled in accordance with the
regulations of the U.S. Department of Transportation4

;

(e) Containers that are accessible only to individuals authorized to handle, use or be In the vicinity of
the containers, if the contents are identified to these individuals by a readily available written
record. Examples of containers of this type are containers in locations such as water-filled
canals, storage vaults or hot cells. The record shall be retained as long as the containers are in
use for the purpose indicated on the record; or

(f) Installed manufacturing or process equipment, such as reactor components, piping, and tanks.
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Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.115 Procedures for Receiving and Opening Packages.

(1) Each licenseewho expects to receive a package containing quantities of radioactive material in excess of
. a Type A quantity, as defined in Rule 0400-20-04-.04, shall arrange to receive:

(a) The package when the carrier offers it for delivery; or

(b) Notification of the arrival of the package at the carrier's terminal and to take possession of the
package expeditiously.

(2) Each licensee shall:

(a) Monitor the external surfaces of a labeled5 package for radioactive contamination unless the
package contains only radioactive material in the form of a gas or in special form as defined in
Rule 0400-20-04-.04;

(b) Monitor the external surfaces of a labeled package for radiation levels unless the package
contains quantities of radioactive material that are less than or equal to the Type A quantity, as
defined in Rule 0400-20-04-.04 and Rule 0400-20-10-.37, Schedule.RHS 10--Q; and

(c) Monitor all packages known to contain radioactive material for radioactive contamination and
radiation levels if there is evidence of degradation of package integrity, such as packages that are
crushed, wet or damaged.

(3) The licensee shall monitor as soon as practical after receipt of the package. A package received at the
licensee's facility during the licensee's normal working hours or showing evidence of package degradation
shall be monitored within 3 hours. A package not received during the licensee's normal working hours
and not showing evidence of package degradation shall be monitored no later than 3 hours after the
beginning of the next working day.

(4) The licensee shall immediately notify the final delivery carrier and the Division by telephone, telegram,
mailgram or facsimile when either removable radioactive surface contamination or external radiation
levels exceed the following:

(a) Removable radioactive surface contamination limits:

1. The level of removable (non-fixed) radioactive contamination on the external surfaces of
each package offered for transport shall be kept ALARA. The level of removable
radioactive contamination may be determined by wiping an area of 300 square
centimeters of the surface concerned with an absorbent material, using moderate
pressure, and measuring the activity on the wiping material. Sufficient measurements
shall be taken in the most appropriate locations to yield a representative assessment of
the removable contamination levels. Except as provided in part 2 of this subparagraph,
the amount of radioactivity measured on any single wiping material, when averaged over
the surface wiped, shall not exceed the limits set forth in Table RHS 5-3 at any time
during transport. Other methods of assessment of equal or greater efficiency may be
used. When other methods are used, the detection efficiency of the method used shall
be taken into account and in no case shall the removable contamination on the external
surfaces of the package exceed 10 times the limits set forth in Table RHS 5-3.

Table RHS 5-3 REMOVABLE EXTERNAL RADIOACTIVE CONTAMINATION WIPE LIMITS

Maximum Permissible Limits
Contaminant Bq/cm 2 flCi/cm 2 dpm/cm

2

RDA 1693
36

5 Labeled means labeled with a Radioactive White I, Yellow II or Yellow III label as specified in U.S. Department of Transportation (DOT)
regulations in 49 CFR §§172.403 and 172.436-440, as published October 1,1993.
88-7039 (July 2010)



Contaminant
Maximum Permissible Limits
Bq/cm 2 fjCilcm 2 dpm/cm

2

Beta and gamma emitters and low 0.37
toxicity alpha emitters; all
radionuclides with half-lives less than
10 days; natural uranium; natural
thorium; uranium-235; uranium-238;
thorium-232; thorium-228; and
thorium-230 when contained in ores
or physical concentrates
All other alpha emitting radionuclides 0.037

1 (E-5)

1 (E-6)

22

2.2

2. For packages transported as exclusive use shipments by rail or highway only, the
removable contamination at any time during transport shall not exceed 10 times the
levels prescribed in Table RHS 5-1. The levels at the beginning of transport shall not
exceed the levels prescribed in Table RHS 5-1.

(b) External radiation limits:

1. The external radiation levels around the package and around the vehicle, if applicable,
shall not exceed 200 millirems (2 millisieverts) per hour at any point on the external
surface of the package at any time during transportation. The transport index shall not
exceed 10.

2. A package that exceeds the radiation level limits specified in part 1 of this subparagraph
shall be transported as exclusive use by rail, highway, or water, and the radiation levels
external to the package shall not exceed the following during transportation:

(i) 200 millirems (2 millisleverts) per hour on the accessible external surface of the
package, unless the following conditions are met, in which case the limit is 1,000
millirems (10 millisieverts) per hour:

(I) The shipment Is made in a closed transport vehicle;

(II) The package is secured within the vehicle so that its position remains
fixed during transportation; and

(III) There are no loading or unloading operations between the beginning and
end of the transportation;

(i1) 200 millirems (2 millisieverts) per hour at any point on the outer surface of the
vehicle, including the top and underside of the vehicle, or in the case of a flat­
bed style vehicle, at any point on the vertical planes projected from the outer
edges of the vehicle, on the upper surface of the load, or enclosure, If used, and
on the lower external surface of the vehicle; and

(iii) 10 millirems (0.1 millislevert) per hour at any point 2 meters (6.6 feet) from the
outer lateral. surfaces of the vehicle (excluding the top and underside of the
vehicle); or In the case of a flat-bed style vehicle, at any point 2 meters from the
vertical planes projected from the outer edges of the vehicle (excluding the top
and underside of the vehicle); and

(iv) 2 millirems (0.02 millisievert) per hour in any normally-occupied space of the
vehicle, except that this provision does not apply to private motor carriers if
persons occupying these spaces wear radiation monitoring devices in
accordance with Rule 0400-20-05-.71.

(5) Each licensee shall:

(a) Establish, maintain and retain written procedures for safely opening packages in which
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radioactive material is received; and

(b) Ensure that the procedures are followed and that due consideration is given to special
instructions for the type of package being opened.

(6) Licensees transferring special form sources to or from a work site in licensee owned or operated vehicles
are exempt from the contamination monitoring requirements of paragraph (2) of this rule. Licensees are
not exempt from the requirement in paragraph (2) of this rule for surveying radiation levels to ensure that
the source is still properly secured in its shield.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

. 0400-20-05-.116 through 0400-20-05-.119 Reserved.

Authority: T.CA §§ 68-202-201et seq., and 4-5-201 et seq.

0400-20-05-.120 General Disposai Requirements.

(1) A licensee shall dispose of radioactive material only:

(a) By transfer to an authorized recipient as provided in other chapters of these regulations;

(b) By decay in storage;

(c) By release in effluents within the limits in Rule 0400-20-05-.60; or

(d) As authorized under Rule 0400-20-05-.121, 0400-20-05-.122, 0400-20-05-.123, 0400-20-05-.124
or 0400-20-05-.127.

(2) A person shall be specifically licensed to receive waste containing licensed material from other persons
for:

(a) Treatment prior to disposai;

(b) Treatment or disposal by incineration;

(c) Decay in storage; or

(d) Disposal at a land disposal facility licensed under Chapter 0400-20-11.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.121 Method for Granting Approval of Alternative Disposal Procedures.

(1) A licensee or applicant for a license may apply to the Division for approval of alternative procedures for
disposal of radioactive material generated in the licensee's activities. Each application shall include:

(a) A description of the waste that contains the radioactive material to be disposed, including the
physical and chemical properties important to risk evaluation;

(b) The proposed manner and conditions of waste disposal;

(c) An analysis and evaluation of pertinent information about the environment of the disposal site;

(d) The nature and location of other potentially affected licensed and unlicensed facilities; and

(e) Analyses and procedures to ensure that doses are maintained ALARA and within the dose limits
in this chapter.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.
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0400-20-05-.122 Disposal by Release into Sanitary Sewerage.

(1) A licensee may release radioactive material into sanitary sewerage if each of the following conditions is
satisfied:

(a) The material is readily soluble in water or is a readily dispersible biological material; and

(b) The quantity of radioactive material the licensee releases into the sewer in anyone month divided
by the average monthly volume of water released into the sewer by the licensee does not exceed
the concentration listed in Table III of Schedule RHS 8-30; and

(c) If more than one radionuclide is released, the following conditions shall also be satisfied:

1. The license shall determine the fraction of the limit in Table III of Schedule RHS 8-30
represented by its releases into sanitary sewerage. This shall be done by dividing the
actual monthly average concentration of each radionuclide released by the licensee into
the sewer by the concentration of that radionuclide listed in Table III of Schedule RHS 8­
30; and

2. The sum of the fractions for each radionuclide required by part 1 of this subparagraph
does not exceed unity; and

(d) The total quantity of licensed and other radioactive material that the licensee releases into the
sanitary sewerage system in a year does not exceed:

1. 5 curies (185 GBq) of hydrogen-3;

2. 1 curie (37 GBq) of carbon-14; and

3. 1 curie (37 GBq) of all other radioactive materials combined.

(2) Excreta from individuals undergoing medical diagnosis or therapy with radioactive material are not subject
to the limitations contained in paragraph (1) of this rule.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.123 Treatment or Disposal by Incineration.

A licensee may treat or dispose of radioactive material by incineration only in the amounts and forms specified in
Rule 0400-20-05-.124 or as specifically approved by the Division pursuant to Rule 0400-20-05-.121.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.124 Disposal of Specific Wastes.

(1) A licensee may dispose of the following radioactive material as if it were not radioactive:

. (a)' 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per gram of medium used for
liquid scintillation counting; and

(b) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per gram of animal tissue,
averaged over the weight of the entire animal.

(2) A licensee may not dispose of tissue under subparagraph (1)(b) of this rule in a manner that would permit
its use either as food for humans or as animal feed.

(3) The licensee shall maintain records in accordance with RUle 0400-20-05-.137.
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Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.125 Transfer for Disposal and Manifests.
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(1) This rule and Schedule RHS 8-33 concern low level radioactive waste and are to:

(a) Control transfers of low-level radioactive waste by any waste generator, waste collector or waste
processor licensee, as defined in Schedule RHS 8-33 of Rule 0400-20-05-.161, who ships low­
level waste either directly, or indirectly through a waste collector or waste processor, to a licensed
low-level waste land disposal facility as defined in Chapter 0400-20-11.

(b) Establish a manifest tracking system; and

(c) Supplement existing requirements concerning transfers and recordkeeping for those wastes.

(2) . Any licensee shipping radioactive waste intended for ultimate disposal at a licensed land disposal facility
shall document the information required on U.S. NRC Uniform Low-Level Radioactive Waste Manifest
and transfer this recorded manifest information to the intended consignee as specified in Section I of
Schedule RHS 8-33.

(3) Each shipment manifest shall include a certification by the waste generator as specified in Section II of
Schedule RHS 8-33.

(4) The waste generator, collector, processor, disposal facility operator, and each person involved in the
transfer and disposal shall comply with the requirements specified in Section III of Schedule RHS 8-33.

(5) Any licensee shipping byproduct material as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 0400-20-05-.32 intended for ultimate disposal at a land disposal
facility licensed under Chapter 0400-20-11 shall document the information required on the NRC's Uniform
Low-Level Radioactive Waste Manifest and transfer this recorded manifest information to the intended
consignee as specified in Schedule RHS 8-33.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.126 Compliance with Environmental and Health Protection Regulations.

Nothing in these standards relieves the licensee from complying with other federal, state, and local regUlations
governing toxic or hazardous properties of waste materials.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.127 Disposal of Certain Byproduct Material

(1) Licensed material as defined in sUbparagraphs (c) and (d) of the definition of Byproduct material set forth
in Rule 0400-20-05-.32 may be disposed of in accordance with Chapter 0400-20-05, even though it is not
defined as low-level radioactive waste. Therefore, any licensed byproduct material being disposed of at a
facility, or transferred for ultimate disposal at a facility licensed under Chapter 0400-20-11, must meet the
requirements of Rule 0400-20-05-.125.

(2) A licensee may dispose of byproduct material, as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 0400-20-05-.32, at a disposal facility authorized to dispose of such
material in accordance with any Federal or State solid or hazardous waste law, including the Solid Waste
Disposal Act, as authorized under the Energy Policy Act of 2005.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.128 through 0400-20-05-.129 Reserved.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.130 General Records Provisions.

(1) Each licensee and registrant shall use the units: curie, rad, rem, including multiples and subdivisions, and
shall clearly indicate the units of all quantities on records required by these standards.
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(2) . In the records required by this chapter, the licensee may record quantities in Sl units in parentheses
following each of the units specified in paragraph (1) of this rule. However, all quantities must be
recorded as stated in paragraph (1) of this rule.

(3) Notwithstanding the requirements in paragraph (1) of this rule, when recording information on shipment
manifests, as required in paragraph (2) of Rule 1200-02-05-.125, information shall be recorded in the
International System of Units (SI) or in SI and units as specified in paragraph (1) of this rule.

(4) The licensee or registrant shall make a clear distinction among the quantities entered on the records
required by this chapter (e.g., total effective dose equivalent, shallow-dose equivalent, lens dose
equivalent, deep-dose equivalent, committed effective dose equivalent).

Authority: TGA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.131 Records of Radiation Protection Programs.

(1) Each licensee and registrant shall maintain records of the radiation protection program, including:

(a) The provisions of the program; and

. (b) Audits and other reviews of program content and implementation.

(2) The licensee or registrant shall retain the records required by subparagraph (1 )(a) of this rule until the
Division terminates each pertinent license or registration requiring the record. The licensee or registrant
shall retain the records required by subparagraph (1)(b) of this rule for 3 years after the record is made.

Authority: TGA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.132 Records of Surveys.

'(1) Each licensee and registrant shall maintain records showing the results of surveys and calibrations
required by Rule 0400-20-05-.70 and paragraph (2) of Rule 0400-20-05-.115. The licensee or registrant
shall'retain these records for 3 years after the record is made.

(2) The licensee or registrant shall retain each of the following records until the Division terminates each
pertinent license or registration requiring the record:

(a) Survey results used to determine the dose from external sources and to assess individual dose
equivalents with or without individual monitoring data;

(b) Results of measurements and calculations used to:

1. Determine individual intakes of radioactive material;

2. Assess internal intakes of radioactive material; and

3. Assess internal dose;

(c) Results of air sampling, surveys and bioassays required pursuant to parts (1)(c)1 and 2 of Rule
0400-20-05-.92; and

(d) Results of measurements and calculations used to evaluate the release of radioactive effluents to
the environment.

Authority: TGA §§ 68-202-201 et seq., and 4-5-201 et seq.

.0400-20-05-.133 Determination of Prior Occupational Dose.

(1) For each individual who is likely to receive, in a year, an occupational dose requiring monitoring pursuant
to Rule 0400-20-05-.71, the licensee or registrant shall:
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(a) Determine the occupational radiation dose received during the current year; and

(b) Attempt to obtain the records of lifetime cumulative occupational radiation dose.

(2) Prior to permitting an individual to participate in a planned special exposure, the licensee or registrant
shall determine:

(a) The internal and external doses from all previous planned special exposures; and

(b) All doses in excess of the limits (including doses received during accidents and emergencies)
received during the lifetime of the individual.

(3) In complying with the requirements of paragraph (1) of this rule, a licensee or registrant may:

(a) Accept, as a record of the individual's occupational dose for the current year, a written statement
disclosing the nature and the amount of any occupational dose the individual may have received
during the current year. Such statement shall be signed by the individual or the individual's most
recent employer for work involving radiation exposure.

(b) Accept, as the record of lifetime cumulative radiation dose, an up-to-date Form RHS 8-1H, or
equivalent. Such form shall be signed by the individual and countersigned by an appropriate
official of the most recent employer for work involving radiation exposure. If the individual is
employed by a person other than the licensee or registrant, the countersignature shall be from the
current employer.

(c) From the most recent employer obtain reports of the individual's dose equivalent(s) for work
involving radiation exposure. If the individual is employed by a person other than the licensee or
registrant the report shall be from the individual's current employer. Reports may be obtained by
telephone, telegram, electronic media or letter. The licensee or registrant shall request a written
verification of the dose data if the authenticity of the transmitted report cannot be established.

(4) The licensee or registrant shall record the exposure history together with all information required by
paragraph (1) of this rule on Form RHS 8_1H6

, or other clear and legible record. The form or record shall
show each period in which the individual received occupational exposure and be signed by the individual
receiving the exposure.

For each period for which the licensee or registrant obtains reports, the licensee or registrant shall use
the dose shown in the report in preparing Form RHS 8-1H. For any period in which the licensee or
registrant does not obtain a report, the licensee or registrant shall place a notation on Form RHS 8-1 H
indicating the periods of time for which data are not available.

(5) If the licensee or registrant is unable to obtain a complete record of an individual's current and previously
accumulated occupational dose, the licensee or registrant shall:

(a) In establishing administrative controls under paragraph (6) of Rule 0400-20-05-.50 for the current
year, reduce the individual's allowable dose limit by 1.25 rems (12.5 mSv) for each quarter for
which records were unavailable and the individual could have received occupational exposure;
and

(b) Not allow the individual to be available for planned special exposures.

(6) The licensee or registrant shall retain the records on Form RHS 8-1H or equivalent until the Division
terminates each pertinent license or registration requiring this record. The licensee or registrant shall
retain records used in preparing Form RHS 8-1 H for three (3) years after the record is made.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.
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0400-20-05-.134 Records of Planned Special Exposures.

(1) For each use of the provisions of Rule 0400-20-05-.54 for planned special exposures, the licensee or
registrant shall maintain records that describe:

. (a) The exceptional circumstances requiring the use of a planned special exposure;

(b) The name ofthe management official who authorized the planned special exposure and a copy of
the signed authorization;

(c) What actions were necessary;

(d) Why the actions were necessary;

(e) How doses were maintained ALARA; and

(f) What individual and collective doses were expected to result, and the doses actually received in
the planned special exposure.

(2) The licensee or registrant shall retain the records until the Division terminates each pertinent license or
registration requiring these records.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.135 Records of Individual Monitoring Results.

(1) Each licensee and registrant shall maintain records .of doses received:

(a) By all individuals for whom monitoring was required pursuant to Rule 0400-20-05-.71 and

(b) . During the planned special exposures, accidents and emergency conditions.

(2) These records shall include,7 when applicable:

(a) The deep-dose equivalent to the whole body, lens-dose equivalent, shallow-dose equivalent to
the skin and shallow-dose equivalent to the extremities;

(b)

(c)

(d)

The estimated intake of radionuclides (see Rule 0400-20-05-.51);

The committed effective dose equivalent assigned to the intake of radionuclides;

The specific information used to assess the committed effective dose equivalent pursuant to
paragraph (3) of Rule 0400-20-05-.53 and when required by Rule 0400-20-05-.71;

(e)

(f)

The total effective dose equivalent when required by Rule 0400-20-05-.51; and

The total of the deep-dose eqUivalent and the committed dose to the organ receiving the highest
total dose. .

(3) The licensee or registrant shall make entries of the records specified in paragraph (1) of this rule at least
annually.

(4) The licensee or registrant shall maintain the records:

(a) On Form RHS 8-2C and in accordance with its instructions, or

(b) In clear and legible form containing all information required by Form RHS 8-2C.
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(5) The records required under this rule should be protected from pUblic disclosure because of their personal
privacy nature. These records are protected when transferred to the Division under the regulations in
Rule 0400-20-04-.10.

(6) The licensee or registrant shall maintain the records of dose to an embryo/fetus with the records of dose
to the declared pregnant woman. The declaration of pregnancy shall also be kept on file, but may be
maintained separately from the dose records.

(7) The licensee or registrant shall retain each required form or record until the Division terminates each
pertinent license or registration requiring the record.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.136 Records of Dose to Individual Members of the Public.

(1) Each licensee and registrant shall maintain records sufficient to demonstrate compliance with the dose
limit for individual members of the public (see Rule 0400-20-05-.60).

(2) The licensee or registrant shall retain the records required by paragraph (1) of this rule until the Division
terminates each pertinent license or registration requiring the record.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.137 Records of Waste Disposal.

(1) Each licensee shall maintain records of the disposal of radioactive materials made under Rules 0400-20­
05-.121, 0400-20-05-.122, 0400-20-05-.123, and 0400-20-05-.124, Chapter 0400-20-11 and disposal by
burial in soil, including burials authorized before May 12,19868

.

(2) The licensee shall retain the records required by paragraph (1) of this rule until the Division terminates
each pertinent license requiring the record. Requirements for disposition of these records, prior to license
termination, are located in Rule 0400-20-10-.26 for activities licensed under these rules.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.138 Records otTesting Entry Control Devices for Very High Radiation Areas.

(1) Each licensee and registrant shall maintain records of tests made under parts (1)(1)1, 2, and 3 of Rule
0400-20-05-.82 on entry control devices for very high radiation areas. These records shall include the
date, time, and results of each such test of function.

(2) The licensee or registrant shall retain the records required by paragraph (1) of this rule for 3 years after
the record is made.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.139 Form of Records.

Each record required by this chapter shall remain legible throughout the retention period. The record may be the
original or a reproduced copy or a microform provided that the copy or microform is authenticated by authorized
personnel. The microform shall be capable of producing a clear copy throughout the retention period. The record
may also be stored in electronic media capable of producing legible, accurate, and complete records during the
retention period. Records such as letters, drawings, and specifications shall include all pertinent information,
such as stamps, initials, and signatures. The licensee or registrant shall maintain adequate safeguards against
tampering with and loss of records.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.
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0400-20-05-.140 Reports of Theft or Loss of Licensed Material.

(1) Telephone reports.

(a) Each licensee shall report:

1. Immediately after learning of any lost, stolen or missing radioactive material:

(i) In an aggregate quantity equal to or greater than 1,000 times the quantity
specified in Schedule RHS 8-31; and

(ii) Under such circumstances that it appears to the licensee that an exposure could
result to persons in unrestricted areas; or

2. Within 30 days after learning of any lost, stolen or missing radioactive material:

(i) In a quantity greater than 10 times the quantity specified in Schedule RHS 8-31;
and

(ii) That is still missing at this time.

(b) Reports shall be made to the Division, telephone (615) 532-0364, during the hours of 7:00 a.m.
Central Time to 4:30 p.m. Central Time except weekends and holidays. At all other times, reports
can be made through the Tennessee Emergency Management Agency (615) 741-0001.

(2) Written reports

(a) Each licensee required to make a report under paragraph (1) of this rule shall, within 30 days
after making the telephone report, make a written report selling forth the following information:

1. A description of the radioactive material involved, including kind, quantity and chemical
and physical form;

2. A description of the circumstances under which the loss, theft or misplacement occurred;

3. A statement of disposition, or probable disposition, of the radioactive material involved;

4. Exposures of individuals to radiation and the circumstances under which the exposures
occurred;

5. The possible total effective dose equivalent to persons in unrestricted areas;

6. Actions that have been taken, or will be taken, to recover the material; and

7. Procedures or measures that have been, or will be, adopted to ensure against a
recurrence of the loss, theft or misplacement of radioactive material.

(b) Reports shall be made to the Division of Radiological Health at the address given in Rule 0400­
20-04-.07.

(3) If after filing the written report, the licensee learns of additional substantive information the licensee shall
report such additional information within 30 days.

(4) Each report filed with the Division shall list for each individual exposed: the name, Social Security
account number, and date of birth. The report shall be prepared so that this information is stated in a
separate and detachable part.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.141 Notification of Incidents.
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(1) Immediate notification. Notwithstanding other requirements for notification the requirements of this rule
are controlling. Licensees and registrants shall notify the Division as soon as possible but not later than 4
hours after discovery that a source of radiation possessed by the licensee or registrant has caused, may
have caused or threatens to cause any of the following:

(a) An individuai to receive:

1. A totai effective dose equivalent of 25 rems (0.25 Sv) or more;

2. A lens-dose equivalent of 75 rems (0.75 Sv) or more; or

3. A shallow-dose equivaient to the skin or extremities of 250 rads (2.5 Gy) or more;

(b) The release of radioactive material that couid cause an individual present for 24 hours to receive
5 times or more the annual occupational limit on intake. This does not apply to locations where
personnel are not normally stationed during routine operations, such as hot-cells or specific
process enclosures; or

(c) Prevention of immediate protective actions necessary to avoid exposure to radiation or releases
that could exceed regulatory limits (events may include fires, explosions, toxic gas releases, etc.).

(2) Twenty-four hour notification. Licensees and registrants shall notify the Division within 24 hours after
discovery that a source of radiation possessed by the licensee or registrant may have caused or
threatens to cause any of the following:

(a) An individual to receive, in a period of 24 hours:

1. A total effective dose equivalent exceeding 5 rems (0.05 Sv),

2. A lens-dose equivalent exceeding 15 rems (0.15 Sv), or

3. A shallow-dose equivalent to the skin or extremities exceeding 50 rems (0.5 Sv);

(b) The release of radioactive material that could cause an individual present for 24 hours to receive
an intake exceeding one annual occupational limit on intake. This does not apply to locations
where personnel are not normally stationed during routine operations, such as hot-cells or
specific process enclosures; or

(c) Any of the following events involving licensable material:

1. An unplanned contamination event that:

(i) Requires restricted access to the contaminated area for more than 24 hours.
Restriction may be by imposing additional radiological controls or by prohibiting
entry into the area;

(i1) Involves a quantity of material greater than five times the lowest annual limit on
intake specified for the material in Schedule RHS 8-30 of Ruie 0400-20-05-.161;
and

(iii) Restricts access to the area for a reason other than to allow isotopes with a half­
life of less than 24 hours to decay prior to decontamination.

2. An event in which equipment is disabled or fails to function as designed when:

(i) The equipment is required by regulation or license condition to:

(I) Prevent releases exceeding regulatory limits,

(II) Prevent exposures to radiation exceeding regulatory limits, or
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(III) Mitigate the consequences of an accident;

(Ii) The equipment is required to be available and operable when it is disabled or
fails to function; and

(iii) No equipment meeting the same performance standards is immediately
available, operable and capable of performing the required safety function.

3: An event that requires unplanned medical treatment at a medical facility of an individual
with spreadable radioactive contamination on the individual's clothing or body.

4. An unplanned fire or explosion damaging any licensable material or any device, container
or equipment containing licensable material when:

(i) The quantity of material involved exceeds five times the lowest annual limit on
intake specified for the material in Schedule RHS 8-30 in Rule 0400-20-05-.161,
and

(Ii) The damage affects the integrity of the licensable material or any device,
container or equipment containing licensable material.

(3) Preparation and submission of reports. Licensees and registrants shall make reports in response to the
requirements of this rule as follows:

(a) Licensees and registrants shall make reports required by paragraphs (1) and (2) of this rule by
telephone to the Division.

1. The telephone number for the Division is:

(615) 532-0364 7:00 a.m. Central Time to 4:30 p.m. Central Time except weekends and
holidays

(615) 741-0001 Tennessee Emergency Management Agency at all other times.

2. To the extent that the information is available at the time of notification, the information
provided in these reports shall include:

(i) The caller's name and call back telephone number;

. (Ii) A description of the event, including date and time;

(iii) The exact location of the event;

(iv) The isotopes, quantities, and chemical and physical form of the licensable
material involved; and

(v) Any personnel radiation exposure data available.

(b) Written report. Licensees and registrants who make a report required by paragraph (1) or (2) of
this rule shall submit a written follow-up report within 30 days of the initial report. This requirement
may be satisfied by submitting written reports prepared under other regulations that contain all
necessary information and are appropriately distributed. Licensees and registrants shall send
these written reports to the Division at the address given in Rule 0400-20-04-.07. The reports
shall include the following:

1. A description of the event, including the probable cause and the manufacturer and model
number (if applicable) of any equipment that failed or malfunctioned;

2. The exact location of the event;

3. The isotopes, quantities, and chemical and physical forms of the licensable material
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involved;

4. Date and time of the event;

5. Corrective actions taken or planned and the results of any evaluations or assessments;
and

6. For each individual exposed:

(i) The name, Social Security number and date of birth. The report shall be
prepared so that this information is stated in a separate and detachable part, and

(iI) The extent of exposure of each individual without identification of individuals by
name.

(4) This rule does not include doses that result from, and are within the limits for, planned special exposures
reported under Rule 0400-20-05-.144.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.142 Reports to Individuals of Exposure to Radiation.

(1) Licensees and registrants shall report radiation exposure data for an individual, including the results of
any measurements, analyses and calculations of radioactive material deposited or retained in the body of
an individual, as specified in this rule.

(2) Each licensee or registrant shall make dose information available to workers as shown in records
maintained by the licensee or registrant under the provisions of Rule 0400-20-05-.135. The licensee shall
provide an annual report to each individual monitored under Rule 0400-20-05-.71 of the dose received in
that monitoring year if:

(a) The individual's occupational dose exceeds 1 mSv (100 mrem) TEDE or 1 mSv (100 mrem) to
any individual organ or tissue; or

(b) The individual requests his or her annual dose report.

(3) Each licensee or registrant, at the request of a worker formerly engaged in licensed or registered
activities .controlled by the licensee or registrant, shall furnish to the worker a report of the individual's
exposure to sources of radiation:

(a) 1. As shown in records maintained by the licensee or registrant pursuant to Rule 0400-20­
05-.135 for each year the worker was required to be monitored under the provisions of
Rule 0400-20-05-.71; and

2. For each year the worker was required to be monitored under the requirements in effect
before January 2, 1993.

(b) This report shall:

1. Be furnished within 30 days from the time the request is made or within 30 days after the
exposure of the individual has been determined by the licensee, whichever is later;

2. Cover the period that the worker's activities involved exposure to sources of radiation
licensed or registered by the Division; and

3. Include the dates and locations of licensed or registered activities in which the worker
participated during this period.

(c) The worker's request shall include social security number, dates and location of employment or
association and other appropriate identifying data.
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(4) When a licensee or registrant is required under Rule 0400-20-05-.141, 0400-20-05-.143 or 0400-20-05­
.144 to report to the Division any exposure of an individual to radiation or radioactive material, the
licensee or registrant shall also provide a copy of the report submitted to the Division to the individual.
Such report shall be transmitted at a time not later than the transmittal to the Division.

(5) At the request of a worker who is terminating employment with the licensee or registrant that involved
radiation dose, or of a worker who, while employed by another person, is terminating assignment to work
involving radiation dose in the licensee's or registrant's facility during the current year, each licensee or
registrant shall provide at termination to each worker, or to the worker's designee, a written report
regarding the radiation dose received by that worker from operations of the licensee or registrant during
the current year or fraction thereof. If the most recent monitoring results are not available at that time, the
licensee or registrant shall provide a written estimate of the dose. Estimated doses shall be clearly
indicated as such.

(6) Reports submitted under this rule shall:

(a) Be in writing;

(b) Include appropriate identifying data such as the name of the licensee or registrant, the name of
the individual and the individual's social security number;

(c) Include the individual's radiation exposure information;

(d) Include data and results obtained under Division regulations, or conditions, as shown in records
maintained by the licensee or registrant under Division regulations; and

(e) Contain the following statement

This report is furnished to you under the provisions of the Division of Radioiogical Health of the
Tennessee Department of Environment and Conservation regulations entitled "State Regulations
for Protection Against Radiation." You should preserve this report for future reference.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.143 Reports of Exposures, Radiation Levels, and Concentrations of Radioactive Material Exceeding
the Limits.

(1) In addition to the notification required by Rule 0400-20-05-.141, each· licensee and registrant shall submit
a written report within 30 days after learning of any of the following occurrences:'

(a) Any incident for which notification is required by Rule 0400-20-05-.141; .

(b) Doses in excess of any of the following:

1. The occupational dose limits for adults in Rule 0400-20-05-.50;

2. The occupational dose limits for minors in Rule 0400-20-05-.55;

3. The limits for an embryo/fetus of a declared pregnant woman in Rule 0400-20-05-.56;

4. The limits for an individual member of the public in Rule 0400-20-05-.60;

5. Any applicable limit in the license or registration; or

6. The ALARA constraints for air emissions established under paragraph (4) of Rule 0400­
20-05-.40; or

(c) Levels of radiation or concentrations of radioactive material in:

1. A restricted area in excess of any applicable limit in the license or registration; or
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2. An unrestricted area in excess of 10 times any limit set forth in these standards, the
license or registration; whether or not there is exposure of any individual in excess of the
limits in Rule 0400-20-05-.60).

(d) Levels of radiation or releases of radioactive material exceeding EPA's generally applicable
environmental standards in 40 C.F.R. Part 190, or license or registration conditions. This applies
only if the licensee or registrant is subject to the standards.

(2) Contents of reports.

(a) Each report required by paragraph (1) of this rule shall describe the extent of exposure of
individuals to radiation and radioactive material, including, as appropriate:

1. Estimates of each individual's dose;

2. The levels of radiation and concentrations of radioactive material involved;

3. The cause of the elevated exposures, dose rates or concentrations; and

4. Corrective steps taken or planned to ensure against a recurrence, including the schedule
for achieving conformance with applicable limits, ALARA constraints, generally applicable
environmentai standards and associated license conditions.

(b) Each report filed under paragraph (1) of this rule shall include for each occupationally
overexposed individual9: the name, Social Security account number and date of birth. The report
shall be prepared so that this information is stated in a separate and detachable part.

(3) All licensees or registrants who make reports under paragraph (1) of this rule shall submit the report in
writing to the Division of Radiological Health at the address given in Rule 0400-20-04-.07.

Authority: T.CA §§ 68-202-201 et seq:, and 4-5-201 et seq..

0400-20-05-.144 Reports of Planned Special Exposures.

The licensee or registrant shall submit a written report to the Division of Radiological Health, L&C Annex, 3rd
Floor, 401 Church Street, Nashville, TN 37243-1532 within 30 days following any planned special exposure. The
report shall inform the Division that a planned special exposure occurred and provide the information required by
Rule 0400-20-05-.134.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.145 Notifications, Records and Reports of Misadministration.

(1) Other than events that result from intervention by a patient or human research subject, a licensee or
registrant shall report to the Division any event in which the administration of radioactive material,
radiation from radioactive material, or radiation from a radiation producing machine results in:

(a) A dose that differs from the prescribed dose or dose that would have resulted from the prescribed
dosage by more than 0.05 Sievert (5 rem) effective dose equivalent, 0.5 Sievert (50 rem) to an
organ or tissue, or 0.5 Sievert (50 rem) shallow dose equivalent to the skin; and

1. The total dose delivered differs from the prescribed dose by 20 percent or more;

2. The total dosage delivered differs from the prescribed dosage by 20 percent or more or
falls outside the prescribed dosage range; or

3. The fractionated dose delivered differs from the prescribed dose, for a single fraction, by
50 percent or more.

9 With respect to the limit for the embryo/fetus (Rule 0400-20·05-.56), the identifiers shouid be those of the deciared pregnant woman.
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(b) A dose that exceeds 0.05 Sv (5 rem) effective dose equivaient, 0.5 Sv (50 rem) to an organ or
tissue, or 0.5 Sv (50 rem) shallow dose equivaient to the skin from any of the following:

1. An administration of a wrong radioactive drug;

2. An administration of a radioactive drug containing radioactive materiai by the wrong route
of administration;

3. . An administration of a dose or dosage to the wrong individual or human research sUbject;

·4. An administration of a dose or dosage delivered by the wrong mode of treatment; or

5. A leaking sealed source.

(c) A dose to the skin or an organ or tissue other than the treatment site that exceeds by 0.5 Sv (50
rem) to an organ or tissue and 50 percent or more of the dose expected from the administration
defined in the written directive (excluding, for permanent implants, seeds that were implanted in
the correct site but migrated outside the treatment site).

(d) A therapeutic radiation machine dose:

1. Involving the wrong individual, wrong mode of treatment or wrong treatment site;

2. When the treatment consists of 3 or fewer fractions and the calculated total administered
dose differs from the total prescribed dose by more than 10 percent of the total
prescribed dose;

3. When the calculated weekly administered dose exceeds the weekly prescribed dose by
30 percent or more of the weekly prescribed dose; or

4. When the calculated total administered dose differs from the total prescribed dose by
more than 20 percent of the total prescribed dose.

(2) A licensee or registrant shall report to the Division any event resulting from intervention of a patient or
human research sUbject in which the administration of radioactive material or radiation from radioactive
material results or will result in unintended permanent functional damage to an organ or a physiological
system, as determined by a physician.

(3) A licensee or registrant shall notify the Division at the number given in Rule 0400-20-04-.07 no later than
the next calendar day after discovery of the misadministration.

(4) A licensee or registrant shall submit a written report to the Division at the address listed in Rule 0400-20­
04-.07 within 15 days after discovery of the misadministration.

(a) The written report must include:

1. The licensee or registrant's name;

2. The name of the prescribing physician;

3. A brief description of the event;

4. Why the event occurred;

5. The effect, if any, on the individual(s) who received the administration;

6. What actions, if any, have been taken or are planned to prevent recurrence; and

7. Certification that the licensee or registrant notified the individual (or the individual's
responsible relative or guardian), and if not, why not.
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(b) The report may not contain the individual's name or any other information that could lead to
identification of the individual.

(5) A licensee or registrant shall provide notification of the misadministration to the referring physician and
also notify the individual who is the subject of the misadministration no iater than 24 hours after its
discovery, unless the referring physician personally informs the licensee or registrant either that they will
inform the individual or that, based on medical judgment, telling the individual would be harmful. The
licensee or registrant is not required to notify the individual without first consulting the referring physician.
If the referring physician or the affected individual cannot be reached within 24 hours, the licensee or
registrant shall notify the individual as soon as possible thereafter. The licensee or registrant may not
delay any appropriate medical care for the individual, including any necessary remedial care as a result of
the misadministration, because of any delay in notification. To meet the requirements of this rule, the
notification of the individual who is the sUbject of the misadministration may be made instead to that
individual's responsible relative or guardian. If a verbal notification is made, the licensee or registrant shall
inform the individual or appropriate responsible relative or guardian that a written description of the event
can be obtained from the licensee upon request. The licensee or registrant shall provide a written
description if requested.

(6) Aside from the notification requirement, nothing in this rule affects any rights or duties of licensees,
registrants, and physicians in relation to each other, to individuals affected by the misadministration, or to
that individual's responsible relatives or guardians.

(7) A licensee or registrant shall retain a record of a misadministration in accordance with this rule for 3
years. A copy of the record shall be provided to the referring physician if .other than the licensee or
registrant, within 15 days after discovery of the misadministration. The record must contain the licensee
or registrant's name; names of the individuals involved; the social security number or other identification
number if one has been assigned, of the individual who is the subject of the misadministration; a brief
description of the event; why it occurred; the effect, if any, on the individual; the actions, if any, taken, or
planned, to prevent recurrence; and, whether the licensee or registrant notified the individual (or the
individual's responsible relative or guardian) and, if not, whether such failure to notify was based on
guidance from the referring physician.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.146 Reports to Individuals of Exceeding Dose Limits.

When a licensee or registrant is required by Rule 0400-20-05-.143 or 0400-20-05-.144 to report to the Division
any exposure of an identified occupationally exposed individuai, or an identified member of the public, to radiaiion
or radioactive material, the licensee or registrant shall also provide the individual a report on his or her exposure
data included in the report to the Division. This report must be transmitted no later than the transmittal to the
Division.

Authority: T.GA §§ 68-202-201 et seq. and 4-5-201 et seq.

0400-20-05-.147 through 0400-20-05-.149 Reserved.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.150 Applications for Exemptions.

The Division may, upon application by a licensee or registrant or upon its own initiative, grant a specific written
exemption from these standards if the Division determines the exemption is authorized by law and would not
result in undue hazard to life or property.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.151 Additional Requirements.

The Division may, by rule, regulation, or order, impose requirements on a licensee or registrant, in addition to
those established in these regulations, as it deems appropriate or necessary to protect health or to minimize
danger to life or property.
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Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.152 Vacating Premises.

Each specific licensee shall, no less than 30 days before vacating or relinquishing possession or control of
premises, notify the Division in writing of intent to vacate. If the premises have been contaminated with
radioactive material as a result of his activities, the Department may require that the licensee decontaminate or
have decontaminated the location to a level for use as an unrestricted area, the details to be specified in each
case by the Division.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.153 through 0400-20-05-.159 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.160 Violations.

A violation of any of these standards subjects the violator to possible civil and criminal penalties.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

0400-20-05-.161 Schedules.

RHS 8-30
ANNUAL LIMITS ON INTAKE (ALI) AND DERIVED AIR CONCENTRATIONS (DAC) OF RADIONUCLIDES FOR

OCCUPATIONAL EXPOSURE; EFFLUENT CONCENTRATIONS; CONCENTRATIONS FOR RELEASE TO
SANITARY SEWERAGE

Introduction

For each radionuclide, Table I indicates the chemical form which is to be used for selecting the
appropriate ALI or DAC value. The ALis and DACs for inhalation are given for an aerosol with an activity
median aerodynamic diameter (AMAD) of 1 IJm, micron, and for three classes (D,W,Y) of radioactive
material, which refer to their retention (approximately days, weeks, or years) in the pulmonary region of
the lung. This classification applies to a range of clearance haif-times for 0 if iess than 10 days, for W
from 10 to 100 days, and for Y greater than 100 days. The class (0, W, or Y) given in the column headed
"Class" applies only to the inhalation ALis and DACs given in Tabie I, columns 2 and 3. Table II provides
concentration limits for airborne and liquid effluents released to the general environment. Table III
provides concentration limits for discharges to sanitary sewerage systems.

Note:

The values in Tables I, II, and III are presented in the computer "E" notation. In this notation a value of 6E­
02 represents a value of 6 x 10-2 or 0.06, 6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 10° or
6.

Table I "Occupational Values"

Note that the columns in Table I of this schedule captioned, "Oral Ingestion ALI," "Inhalation," "ALI," and
"DAC," are applicable to occupational exposure to radioactive material.

The ALis in this schedule are the annual intakes of a given radionuclide by the reference man, which
would result in either a committed effective dose equivalent (CEDE) of 0.05 Sv (5 rem), stochastic ALI, or
a committed dose equivaient of 0.5 Sv (50 rem) to an organ or tissue, non-stochastic ALI. The stochastic
ALis were derived to result in a risk, due to irradiation of organs and tissues, comparable to the risk
associated with deep dose equivalent to the whole body of 0.05 Sv (5 rem). The derivation includes
multipiying the committed dose equivalent to an organ or tissue by a weighting factor, WT. This weighting
factor is the proportion of the risk of stochastic effects resulting from irradiation of the organ or tissue, T, to
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the total risk of stochastic effects when the whole body is irradiated uniformly. The values of WT are listed
under the definition of weighting factor in Rule 0400-20-05-.32. The non-stochastic ALis were derived to
avoid non-stochastic effects, such as prompt damage to tissue or reduction in organ function.

A value of WT = 0.06 is applicable to each of the five organs or tissues in the "remainder" category
receiving the highest dose equivalents, and the dose equivalents of all other remaining tissues may be
disregarded. The following portions of the GI tract-stomach, small intestine, upper large intestine, and

. lower large intestine-are to be treated as four separate organs.

Note that the dose equivalents for an extremity, skin, and lens of the eye are not considered in computing
the CEDE but are subject to limits that must be met separately.

When an ALI is defined by the stochastic dose limit, this value alone is given. When an ALI is determined
by the non-stochastic dose limit to an organ, the organ or tissue to which the limit applies is shown, and
the ALI for the stochastic limit is shown in parentheses. Abbreviated organ or tissue designations are
used:

1. LLI wall = lower large intestine wall;
2. St wall = stomach wall;
3. Blad wall = bladder wall; and
4. Bone surf =bone surface.

The use of the ALis listed first, the more limiting of the stochastic and non-stochastic ALls, will ensure that
non-stochastic effects are avoided and that the risk of stochastic effects is limited to an acceptably low
value. If, in a particular situation involving a radionuclide for which the non-stochastic ALI is limiting, the
use of that non-stochastic ALI is considered unduly conservative, the licensee or registrant may use the
stochastic ALI to determine the committed effective dose equivalent. However, the licensee or registrant
shall also ensure that the 0.5 Sv (50 rem) dose equivalent limit for any organ or tissue is not exceeded by
the sum of the external deep dose equivalent plus the internal committed dose equivalent to that organ,
not the effective dose. For the case where there is no external dose contribution, this would be
demonstrated if the sum of the fractions of the nonstochastic ALis (ALlns) that contribute to the committed
dose equivalent to the organ receiving the highest dose does not exceed unity, that is, !: (intake [in J.lCi] of
each radionuclide/ALlns) " 1.0. If there is an external deep dose equivalent contribution of H" then this
sum must be less than 1 - (Ho/50), instead of" 1.0.

Note that the dose equivalents for an extremity, skin, and lens of the eye are not considered in computing
the committed effective dose equivalent but are subject to limits that must be met separately.

The derived air concentration (DAC) values are derived limits intended to control chronic occupational

DAC
ALI (in pC)

(2000 hI's I working yr X 60 mlnlhr X 2 x 10' /Ill I min)

ALI Cil I
9 Ii 111

2.4 x 10

exposures. The relationship between the DAC and the ALI is given by:

where 2 x 104 ml is the volume of air breathed per minute at work by the reference man under working
conditions of light work.

The DAC values relate to one of two modes of exposure: either external submersion or the internal
committed dose equivalents resulting from inhalation of radioactive materials. DACs based upon
submersion are for immersion in a semi-infinite cloud of uniform concentration and appiy to each
radionuclide separately.
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The ALI and DAC values include contributions to exposure by the single radionuclide named and any
ingrowth of daughter radionuclides produced in the body by decay of the parent. However, intakes that
include both the parent and daughter radionuclides should be treated by the general method appropriate
for mixtures:
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The values of ALI and DAC do not apply directly when the individual both ingests and Inhales a
radionuclide, when the individual is exposed to a mixture of radlonuclides by either inhalation or ingestion
or both, or when the individual is exposed to both internal and external irradiation. See Rule 0400-20-05­
.51. When an individual is exposed to radioactive materials, which fall under several of the translocation
classifications of the same radionuclide (such as Class D, Class W, or Class Y), the exposure may be
evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as Class D, W, or Y is based on the chemical
form of the compound and does not take into account the radiological half-life of different radioisotopes.
For this reason, values are given for Class D, W, and Y compounds, even for very short-lived
radionuclides.

Table II "Effluent Concentrations"

The columns in Table II of this schedule captioned "Air" and "Water" are applicable to the assessment and
control of dose to the public, particularly in the implementation of the provisions of Rule 0400-20-05-.61.
The concentration values given in Columns 1 and 2 of Table II are equivalent to the radionuclide
concentrations, which, if inhaled or ingested continuously over the course of a year, would produce a total
effective dose equivalent of 0.5 mSv (0.05 rem).

Consideration of non-stochastic limits has not been included in deriving the air and water effluent
concentration limits because non-stochastic effects are presumed not to occur at or below the dose levels
established for individual members of the public. For radionuclides, where the non-stochastic limit was
governing in deriving the occupational DAC, the stochastic ALI was used in deriving the corresponding
airborne effluent limit in Table II. For this reason, the DAC and airborne effluent limits are not always
proportional, as was the case in the previous Schedule RHS 8-1.

The air concentration values listed in Table II, Column 1 were derived by one of two methods. For those
radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation ALI was
divided by 2.4 x 109

, relating the inhalation ALI to the DAC, as explained above, and then divided by a
factor of 300. The factor of 300 includes the following components: a factor of 50 to relate the 0.05 Sv (5
rem) annual occupational dose limit to the 1mSv (0.1 rem) limit for members of the public; a factor of 3 to
adjust for the difference in exposure time and the inhalation rate for a worker and that for members of the
public; and a factor of 2 to adjust the occupational values, derived for adults, so that they are applicable to
other age groups.

For those radionuclides for which submersion, that Is external dose, is limiting, the occupational DAC in
Table I, Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as described
above, and a factor of 4.38 relating occupational exposure for 2,000 hours per year to full-time exposure
(8,760 hours per year). Note that an additional factor of 2 for age considerations is not warranted in the
submersion case.

The water concentrations were derived by taking the most restrictive occupational stochastic oral
ingestion ALI and dividing by 7.3 x 107

• The factor of 7.3 x 107 (ml) includes the following components: the
factors of 50 and 2 described above and a factor of 7.3 x 105 (ml), which is the annual water intake of the
reference man.

Note 2 of this schedule provides groupings of radionuclides, which are applicable to unknown mixtures of
radionuclides. These groupings, including occupational inhalation ALis and DACs, air and water effluent
concentrations and releases to sewer, require demonstrating that the most limiting radionuclides in
successive classes are absent. The limit for the unknown mixture is defined when the presence of one of
the listed radionuclides cannot be definitely excluded as being present, either from knowledge of the
radionuclide composition of the source or from actual measurements.

Table III "Releases to Sewers"

The monthly average concentrations for release to sanitary sewerage are applicable to the provisions in
Rule 0400-20-05-.122. The concentration values were derived by taking the most restrictive occupational

88-7039 (July 2010) 55 RDA 1693



stochastic oral ingestion ALI and dividing by 7.3 x 106 (ml). The factor of 7.3 x 106 (ml) is composed of a
factor of 7.3 x 105 (ml), the annual water intake by a reference man, and a factor of 10, such that the
concentrations, if the sewage released by the i1censee were the only source of water ingested by a
reference man during a year, would result In a committed effective dose equivalent of 5 mSv (0.5 rem).

Name
Molybdenum
Neodymium
Neptunium
Nickel
Niobium
Nitrogen
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum

. Technetium
Tellurium
Terbium
Thallium
Thorium
Thuilum
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
ytterbium
yttrium
Zinc
Zirconium

Name
Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkeilum
Beryllium
Bismuth
Bromine
Cadmium
Calcium
Cailfornium
Carbon
Cerium
Cesium'
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Holmium
Hydrogen
Indium
Iodine
Iridium
Iron
Mercury
Krypton
Lanthanum
Lead
Lutetium
Magnesium
Manganese
Mendelevium
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Symbol
Ac
AI
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
Br
Cd
Ca
Cf
C
Ce
Cs
CI
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
Ho
H
In
I
Ir
Fe
Hg
Kr
La
Pb
Lu
Mg
Mn
Md

LIST OF ELEMENTS

Atomic
Number
89
13
95
51
18
33
85
56
97
4
83
35
48
20
98
6
58
55
17
24
27
29
96
66
99
68
63
100
9
87
64
31
32
79
72
67
1
49
53
77
26
80
36
57
82
71
12
25
101

56

Symbol
Mo
Nd
Np
Ni
Nb
N
Os
o
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Tb
TI
Th
Tm
Sn
Ti
W
U
V
Xe
Yb
Y
Zn
Zr

Atomic
Number
42
60
93
28
41
7
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40
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·. Ta~l"tva,ues Ta~le II Table III.
I· Releases to

••• EffluentConceritratlons Sewers
Col. 1 Col.2·.···U •••••·••• CoI.3 Col. 1 CPl. 2 Mon/Illy

Oral Ihhalallon AVerage
Ingestion 1(~Ci} DAC , .. ':';, .c"

,Concen~

..... ALI(~CI) (~CVml) '" (tition
Cilml)

1 Hydrogen-3 Waler, DAC 8E+4 8E+4 2E-5 1E-7 1E-3 1E-2
includes skin
absorotion
Gas (HT or Tt) Submersion: Use above values as HT and T2 oxidize in air and in the bod 10 HTO.

4 Beryllium-7 W, all compounds 4E+4 2E+4 9E-6 3E·8 6E-4 6E-3
except those given
forY
Y, oxides, halides, - 2E+4 8E-6 3E-8 - -
and nitrates

4 Beryllium-10 W,see Be 1E+3 2E+2 6E-8 2E-10 - -
LLI wall - - - 2E-5 2E-4
I1E+31

V, see 'Se - 1E+1 6E-9 2E-11 - -
6 Carbon-11' Monoxide - 1E+6 5E-4 2E-6 - -

Dioxide - 6E+5 3E-4 9E-7 - -
Cornnounds 4E+5 4E+5 2E-4 6E-7 6E-3 6E-2

6 Carbon-14 Monoxide - 2E+6 7E-4 2E-6 - -
Dioxide - 2E+5 9E-5 3E-7 - -
Cornoouods 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4

7 Nitroaen-13' Submersion1 - - 4E.tJ 2E-8 -
8 Oxvoen-15' Submersion1 - - 4E.tJ 2E-8 - -
9 Fluorine-18;': D, fluorides of H, 5E+4 7E+4 3E-5 1E-7 - -

Li, Na, K, Rb, Cs, Siwall - - - 7E-4 7E-3
and Fr 15E+41
W, fluorides of Be, - 9E+4 4E-5 1E-7 - -
M9, Ca, Sr, Ba,
Ra. AI, Ga, In, Tl,
As, Sb, Bi, Fe, Ru,
Os, Co, Ni, Pd, PI,
Cu, Ag, Au, Zn,
Cd, Hg, So, Y, Ti,
Zr, V, Nb, Ta, Mo,
Te, and Re
Y, ianlhanum - 8E+4 3E-5 1E-7 - -
fluoride

11 Sodium-22 0, all compounds 4E+2 6E+2 3E-7 9E-10 6E-6 6E-5
11 Sodium-24 0, all comnounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
12 Magnesium-28 D, all compounds 7E+2 2E+3 7E-7 2E-9 9E-6 9E-5

except those given
forW
W, oxides, - 1E+3 5E-7 2E-9 - -
hydroxides,
carbides, halides,
and nitrates

13 Aluminum-26 D, all compounds 4E+2 6E+1 3E-8 9E-11 6E-6 6E-5
except those given
forW
W, oxides, - 9E+1 4E-8 1E-10 - -
hydroxides,
carbides, halides,
and nitrates

14 Silicon-31 D, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
except those given
forWand Y
W, oxides, 3E+4 1E-5 5E-8 - -
hydroxides,
carbides, and
nitrates
Y, aluminosilicate - 3E+4 1E-5 4E-8 - -
alass

14 Silioon-32 D,see Si 2E+3 2E+2 1E-7 3E-10 - -
LLI wall - - - 4E-5 4E-4
13E+31

W,see Si - 1E+2 5E-8 2E-10 - -
Y, see ;J1Si - 5E+O 2E-9 7E-12 - -
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...
Table I. Table III

Table /I Releases to.. •JVaIUe~ Effluent Concentrations .
SewerS

CoU Col. 2 I <Col. 3 Col.f (;01.2 Monthly

Oral
... > Ave(flge

.... ••• •••

i(~%t~,)<
Concen-IngesUon (,if';{","
I:~~fion... AU(~Ci) I< Cilml)

15 Phosphorus-32 0, all compounds 6E+2 9E+2 4E-7 lE-9 9E-6 9E-5
except phosphates
given forW
W, phosphales of - 4E+2 2E-7 5E-l0 - -
Zn2+, 83+, Mg2+,

Fe3+, Se+, and
lanthanides

15 Phosphorus-33 0, see ~:Lp 6E+3 8E+3 4E-6 lE-8 8E-5 8E-4
W, see;;:!Lp - 3E+3 1E-6 4E-9 - -

16 Sulfur-35 Vanor - lE+4 6E-6 2E-8 - -
0, sulfides and lE+4 2E+4 7E-6 2E-8 - -
sulfates except

7~1 W~~I
- - - lE-4 1E-3

those given for W 8E+3
W, elemental 6E+3 - - - - -
sulfur, sulfides of
Sr, Ba. Ge. Sn. Pb.
As. Sb. BI, Cu. A9.
Au, In. Cd, Hg. W, - 2E+3 9E-7 3E-9 - -
and Mo. Sulfates
01 Ca. Sr. Ba. Ra.
As. Sb. and Bi

17 Chlorine-36 D. chlorides of H. 2E+3 2E+3 lE-6 3E-9 2E-5 2E-4
Li, Na, K, Rb, Cs,
and Fr
W, chlorides of - 2E+2 lE-7 3E-l0 - -
lanthanides, Be,
Mg. Ca. Sr. Ba.
Ra, AI. Ga. In, TI.

.

Ge. Sn. Pb. As.
Sb, Bi. Fe. Ru. Os,
Co. Rh. Ie. Ni. Pd.
PI. Cu, A9. Au, In.
Cd. Hg, Sc. Y, Ti,
lr. HI. V. Nb. Ta.
Cr. Mo. W. Mn, Tc.
and Re

17 Chlorine-36" D. see ~CI 2E+4 4E+4 2E-5 6E-8 - -
Sl wa~: - - - 3E-4 3E-3
(3E+4

W.see~CI - 5E+4 2E-5 6E-8 - -
17 Chlorine-39" D, see ~CI 2E+4 5E+4 2E-5 7E-8 - -

SIW~~ - - - 5E-4 5E-3
(4E+4

W.see~CI - 6E+4 2E-5 8E-8 - -

18 Aegon-37 Submersion - - lE+O 6E-3 - -
18 Argon-39 Submersion - - 2E-4 8E-7 - -
18 Ar90n-41 Submersion - - 3E-6 lE-8 - -
19 Potassium·40 D, all compounds 3E+2 4E+2 2E-7 6E-l0 4E-6 4E-5
19 Potassium-42 D. all compounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 .Potassium·43 OJ all comnounds 6E+3 9E+3 4E-6 lE-8 9E-5 9E-4
19 Potassium-44'- OJ all compounds 2E+4 7E+4 3E-5 9E-8 - -

~IW~: - - - 5E-4 5E-3
4E+4

19 Potassium-454 D, all compounds 3E+4 lE+5 5E-5 2E-7 - -
~twall - - - 7E-4 7E-3
5E+4)

20 Calcium-41 W, all compounds 3E+3 4E+3 2E-6 - - -
Bone surf Bone surf - 5E-9 6E-5 6E-4

(4E+3\ 14E+3\
20 Calcium-45 W, all comoounds 2E+3 8E+2 4E-7 lE-9 2E-5 2E-4
20 Calcium·47 W, all compounds 8E+2 9E+2 4E-7 1E-9 lE-5 lE-4
21 Scandium-43 Y. all compounds 7E+3 2E+4 9E-6 3E-8 lE-4 lE-3
21 Scandium·44m Y, all compounds 5E+2 7E+2 3E-7 lE-9 7E-6 7E-5
21 Scandium·44 Y, all compounds 4E+3 lE+4 5E-6 2E-8 5E-5 5E-4
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rable l Values
Table II Table III

I I·' Effluent Concentrations Releases to
Sewers

Class Col.f CoL 2 'I ··CoI.3 Col.f Col. 2 Monthly

•••••• 1/ OraL
Inhalation .4\ier{Jge

Co"ncfJn-

"'liWcij Aq(p¢i) (pC;irt,I)
••••••••

..•rZtati°d,c CVml
21 Scandium·46 Y, all compounds 9E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 V, all compounds 2E+3 3E+3 1E-6 4E-9 - -

~i' W;~I - - - 4E-5 4E-4
3E+3

21 Scandium-48 Y, all compounds BE+2 1E+3 6E-7 2E-9 1E-5 1E-4
21 Scandium-49(; Y, all compounds 2E+4 5E+4 2E-5 BE-B 3E-4 3E-3
22 Titanium-44 D, all compounds 3E+2 1E+1 5E-9 2E-11 4E-6 4E-5

except those given
forWand Y
W, oxides, - 3E+1 1E-B 4E-11 - -
hydrOXides,
carbides, halides,
and nitrates
Y, SrTiO, - 6E+O 2E-9 BE-12 - -

22 Titanium-45 D
f
see 'l'lTi 9E+3 3E+4 1E-5 3E-B 1E-4 1E-3

W, see Ti - 4E+4 lE-5 5E-B - -

Y,see Ti - 3E+4 lE-5 4E-B - -
23 Vanadium-47 D, all compounds 3E+4 BE+4 3E-5 lE-7 - -

except those given Stwall - - - 4E-4 4E-3
(orW (3E+4)
W, oxides, - lE+5 4E-5 1E-7 - -
hydroxides,
carbides, and
halides

23 Vanadium·48 D,see V 6E+2 1E+3 5E-7 2E-9 9E-6 9E-5
W,see'''V - 6E+2 3E-7 9E-10 - -

23 Vanadium-49 0, see <f/V 7E+4 3E+4 1E-5 - - -
LLI wall Bone surf - 5E-B 1E-3 1E-2
19E+4) 13E+4\

W, see"V - 2E+4 BE-6 2E-B - -
24 Chromium-48 D, all compounds 6E+3 1E+4 5E-6 2E-B BE-5 BE-4

except those given
forWand Y
W, halides and - 7E+3 3E-6 lE-B - -
nitrates
Y, oxides and - 7E+3 3E-6 1E-B - -
hvdroxides

24 Chromium-49 0, see ..tier 3E+4 BE+4 4E-5 1E-7 4E-4 4E-3
W, see '1t1Cr - 1E+5 4E-5 1E-7 - -
Y, see ~oCr - 9E+4 4E-5 1E-7 - -

24 Chromium-51 D,see Cr 4E+4 5E+4 2E-5 6E-B 5E-4 5E-3
W, see "ItlCr - 2E+4 1E-5 3E-B - -
Y, see "ItlCr - 2E+4 BE-6 3E-B - -

25 Manganese-51" D, all compounds 2E+4 5E+4 2E-5 7E-B 3E-4 3E-3
except those given
forW
W, oxides, - 6E+4 3E-5 BE-B - -
hydroxides,
halides, and
nitrates

25 .Man~anese- D,see Mn 3E+4 9E+4 4E-5 1E-7 - -
52m slwai~ - - - 5E-4 5E-3

(4E+4
W, see ,)lMn - 1E+5 4E-5 1E-7 - -

25 Manganese-52 0, see Mn 7E+2 1E+3 5E-7 2E-9 1E-5 1E-4
W, see ~lMn - 9E+2 4E-7 lE-9 - -

25 Manganese-53 D, see olMn 5E+4 1E+4 5E-6 - 7E-4 7E-3
- Bone surf - 3E-B - -

(2E+4\
W, see olMn - 1E+4 5E-6 2E-B - -

25 Manganese-54 D, see ;lIMn 2E+3 9E+2 4E-7 1E-9 3E-5 3E-4

W,see Mn - BE+2 3E-7 1E-9 - -
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•••• T~ble'lvalues Table II TableJIl... Releases to
" .... Effluent.Concentrallons Sewers

CoLf Col, 2 .- I Co/,$ Co/,f Col. 2 MonWJI."
Orat

Inhalation \Air ..•.• Av~rag~

Water Concen"'.. DAC

rtilion
••• •••

ACI(P(;I) ..... (~Cilml)
lp",·mIJ.

CVml)
25 Manganese-56 0, see Mn 5E+3 2E+4 5E-6 2E-B 7E-5 7E-4

W,see Mn - 2E+4 9E-6 3E-B - -
26 Iron-52 0, all compounds 9E+2 3E+3 ' 1E-6 4E-9 1E-5 1E-4

except those given
forW
W, oxides, - 2E+3 1E-6 3E-9 - -
hydroxides, and
halides

26 . Iron-55 D,see Fe 9E+3 2E+3 BE-7 3E-9 1E-4 1E-3
W, see oZFe - 4E+3 2E-6 6E-9 - -

26 Iron-59 0, see o""Fe BE+2 3E+2 1E-7 5E-10 1E-5 1E-4

W, see Fe - 5E+2 2E-7 7E-10 - -
26 Iron-60 D, see oZFe 3E+1 6E+0 3E-9 9E-12 4E-7 4E-6

W,seeozFe - 2E+1 BE-9 3E-11 - -
27 Cobalt-55 W, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

except those given
for Y
Y, oxides, - 3E+3 1E-6 4E-9 - -
hydroxides,
halides, and
nitrates

27 Cobalt-56 W,see Co 5E+2 3E+2 1E-7 4E-10 6E-6 6E-5

Y,seet>::>Co 4E+2 2E+2 BE-B 3E-10 - -
27 Cobalt-57 W, see roCo BE+3 3E+3 1E-6 4E-9 6E-5 6E-4

Y, see Co 4E+3 7E+2 3E-7 9E-10 - -
27 Cobalt-5Bm W,see~Co 6E+4 9E+4 4E-5 1E-7 BE-4 BE-3

Y, see ::>:;ICo - 6E+4 3E-5 9E-B - -

27 Cobalt-5B W, see ~;)Co 2E+3 1E+3 5E-7 2E-9 2E-5 2E-4

Y, see Co 1E+3 7E+2 3E-7 1E-9 - -
27 Cobalt-60m W, see ::>:;ICo 1E+6 4E+6 2E-3 6E-6 - -

Stwall - - - 2E-2 2E-1
(1E+61

Y, see Co - 3E+6 1E-3 4E-6 - -
27 Cobalt-60 W,seeO::>Co 5E+2 2E+2 7E-B 2E-10 3E-6 3E-5

Y, see roCo 2E+2 3E+1 1E-B 5E-11 - -
27 Cobalt-61" W, see v,; Co 2E+4 6E+4 3E-5 9E-B 3E-4 3E-3

Y, see Co 2E+4 6E+4 2E-5 BE-B - -
27 Cobalt-62m" W, see roCo 4E+4 2E+5 7E-5 2E-7 - -

Stwall - - - 7E-4 7E-3
(5E+4)

Y, see bOCa - 2E+5 6E-5 2E,7 - -
2B Nickel-56 0, all compounds 1E+3 2E+3 BE-7 3E-9 2E-5 2E-4

except those given
forW
W, oxides, - 1E+3 5E-7 2E-9 - -
hydroxides, and
carbides
VaDor - 1E+3 5E-7 2E-9 - -

2B Nickel-57 0, see Ni 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, see otlNi - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -

2B Nickel-59 D, see ooNi 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3

W,see NI - 7E+3 3E-6 1E-B - -
VaDor - 2E+3 BE-7 3E-9 - -

2B Nickel-63 D, see ""NI 9E+3 2E+3 7E-7 2E-9 1E-4 1E-3

W, saeDONi - 3E+3 1E-6 4E-9 - -
Vaoor - BE+2 3E-7 1E-9 - -

28 Nickel-65 D, see IXiNi BE+3 2E+4 1E-5 3E-B 1E-4 1E-3
W, see coNi - 3E+4 1E-5 4E-8 - -
Vanor - 2E+4 7E-6 2E-8 - -

28 Nickel-66 Osee :;roNi 4E+2 2E+3 7E-7 2E-9 - -
88-7039 (JUly 2010)
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.... Table III
Table I Table II Releases to... EffllJenlConcentrations Sewers, Col.I .Col. 2 I .. Col. 3 Col.I Col. 2 Monthly

••••• Or~! Inhalation I f\v~rage

DAC
Waler Concan·

> ••••• ALI(~Gll (~CUml) tr8lio~1
I

.... (~CUml) ·(IICVml
LLI wall - - - 6E-6 6E-5
(5E+2)

W,see Ni - 6E+2 3E-7 9E-10 - -
Vapor - 3E+3 1E-6 4E-9 - -

29 Copper-60' Df all compounds 3E+4 9E+4 4E-5 1E-7 - -
except those given Slwall - - - 4E-4 4E-3
forW and Y 13E+41
W,sulfides, - 1E+5 5E-5 2E-7 - -
halides, and
nitrates
Y, oxides and - 1E+5 4E-5 1E-7 - -
hYdroxides

29 Copper-61 0, see well 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see ovCu - 4E+4 2E-5 6E-8 - -
Y, see Cu - 4E+4 1E-5 5E-8 - -

29 Copper-64 0, see bUCU 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see ouCu - 2E+4 1E-5 3E-8 - -
Y, see ovCu - 2E+4' 9E-6 3E-8 - -

29 Copper-67 OJ see well 5E+3 8E+3 3E-6 1E-8 6E-5 6E-4
W,seewCu - 5E+3 2E-6 7E-9 - -
Y, see QUeu - 5E+3 2E-6 6E-9 - -

30 Zinc-62 Y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-63< Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -

~twall - - - 3E-4 3E-3
3E+4)

30 Zinc-65 Y, all comDounds 4E+2 3E+2 1E-7 4E-10 5E-6 5E-5
30 Zinc-89m Y, all comoounds 4E+3 7E+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-69< Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all comoounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, all compounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
31 Gallium-65' 0, all compounds 5E+4 2E+5 7E-5 2E-7 - -

except those given Stwall - - - 9E-4 9E-3
forW 16E+41
W, oxides, - 2E+5 8E-5- 3E-7 - -
hydroxides,
carbides, halides,
and nitrates

31 ·Gallium-66 Of see Ga 1E+3 4E+3 1E-6 5E-9 1E-5 1E-4
W, see t):)Ga - 3E+3 1E-6. 4E-9 - -

31 Gallium-67 D, see ooGa 7E+3 1E+4 6E-6 2E-8 1E-4 1E-3
W,see=Ga - 1E+4 4E-6 1E-8 - -

31 Galtium-68< OJ see Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see OCIGa - 5E+4 2E-5 7E-8 - -

31 Gallium-70' 0, see O:lGa 5E+4 2E+5 7E-5 2E-7 - -
~IW~~ - - - 1E-3 1E-2
7E+4

W, see tI~Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 OJ see o:>Ga 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4

W, see Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-73 0, see btIGa 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see ooGa - 2E+4 6E-6 2E-8 - -
32 Germanium-B6 0, all compounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3

except those given
forW
W, oxides, - 2E+4 8E-6 3E-8 - -
sulfides, and
halides

32 Germanium-67': 0, see tIOGe 3E+4 9E+4 4E-5 1E-7 - -
Slwall - - - 6E-4 6E-3
14E+41

W, see ooGe - 1E+5 4E-5 1E-7 - -
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T.bleIV.IUeS
Tabla II T.ble III...

E;ffhJent Concentrations Releases to
Sewers

I
....

••
Gal. 1 Gol.2···'·····Gol.$ Gal. 1 Gol.2 MonthlyI

•••• Or.1 Inh.latlon Averag~

Ingestion q~c< Waler ConG~n~
\ (~CUml) iratiolJ

< ALI(~CI)
••

IUCUmll I {tJGilmlj
32 Germanium-68 OJ see =Ge 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4

W, se6 Ge - lE+2 4E-8 lE-l0 - -
32 Germanium-69 0, see OQGe lE+4 2E+4 6E-6 2E-8 2E-4 2E-3

W, see OQGe - 8E+3 3E-6 lE-8 - -
32 Germanium-71 0, see Ge 5E+5 4E+5 2E-4 6E-7 7E-3 7E-2

W,ses I)I;>Ge - 4E+4 2E-5 6E-8 - -
32 Germanium-75L D, see OQGe 4E+4 8E+4 3E-5 lE-7 - -

Slwall - - - 9E-4 9E-3
(7E+4l

W, see coGe - 8E+4 4E-5 lE-7 - -
32 Germanium-?? 0, see OQGe 9E+3 lE+4 4E-6 lE-8 lE-4 lE-3

W, see V<Ge - 6E+3 2E-6 8E-9 - -
32 Germanium-78 D, see t>\)Ge 2E+4 2E+4 9E-6 3E-8 - -

Slw.1I - - - 3E-4 3E-3
12E+4l

W,ses Ge - 2E+4 9E-6 3E-8 - -
33 Arsenic-59;': W, all compounds 3E+4 lE+5 5E-5 2E-7 - -

Siwall - - - 6E-4 6E-3
(4E+4l

33 Arsenic-YO W, all compounds lE+4 5E+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W, all wmDounds 4E+3 5E+3 2E-6 6E-9 5E-5 5E-4
33 Arsenic-72 W, all wmDounds 9E+2 lE+3 6E-7 2E-9 lE-5 lE-4
33 Arsenic-73 W, all wmDounds 8E+3 2E+3 7E-7 2E-9 lE-4 lE-3
33 Arsenic-74 W, .11 wmDounds lE+3 8E+2 3E-7 lE-9 2E-5 2E-4
33 Arsenic-76 W, .11 wmDounds lE+3 lE+3 6E-7 2E-9 lE-5 1E-4
33 Arsenic-?? W, all wmpounds 4E+3 5E+3 2E-6 7E-9 - -

~ilwall - - - 6E-5 6E-4
5E+3)

33 Arsenic-78L W, all wmpounds 8E+3 2E+4 9E-6 3E-8 lE-4 lE-3
34 Selenlum-70< D, all wmpounds 2E+4 4E+4 2E-5 5E-8 lE-4 1E-3

except those given
forW
W, oxides, lE+4 4E+4 2E-5 6E-8 - -
hydroxides,
carbides, and
elemental Se

34 Selenium-73m"" D,ses/uSe 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3
W, see Se 3E+4 lE+5 6E-5 2E-7 - -

34 Selenium-73 D, see ,uSe 3E+3 lE+4 5E-6 2E-8 4E-5 4E-4
W, see IUSe - 2E+4 7E-6 2E-8 - -

34 Selenium-75 D,ses Se 5E+2 7E+2 3E-7 lE-9 7E-6 7E-5
W, see (USe - 6E+2 3E-7 8E-l0 - -

34 Selenium-79 OJ see fUSe 6E+2 8E+2 3E-7 lE-9 8E-6 8E-5
W,see 'USe - 6E+2 2E-7 8E-l0 - -

34 Selenium-81m"- O,see Se 4E+4 7E+4 3E-5 9E-8 3E-4 3E-3
W, see fUSe 2E+4 7E+4 3E-5 lE-7 - -

34 Selenium·81 L. 0, see fUSe 6E+4 2E+5 9E-5 3E-7 - -
~tw~~ - - - lE-3 lE-2
8E+4

W, see <USe - 2E+5 lE-4 3E-7 - -
34 Selenium-83'<: 0, see fUSe 4E+4 lE+5 5E-5 2E-7 4E-4 4E-3

W,-see Se 3E+4 lE+5 5E-5 2E-7 - -
35 Bromine-74mL 0, bromides of H, lE+4 4E+4 2E-5 5E-8 - -

Li, Na, K, Rb, Cs, Siwall - - - 3E-4 3E-3
and Fr 12E+4)
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Tabl\values
Table II Table III

EffluentConcen(raUolls Relel;ises to
Sewers

CO/.1 Co/.:! I CoL 3 Co/.J Col.:! Month/Y
Oral

. ' •••••••••• AVe/f8ge
I· •••• Air Concen~

..... Inges~ion

li(~(;;jIl1I}
{ration

AU (~CI) ....... (flCVmlj
W, bromides of - 4E+4 2E-5 6E-8 - -
lanthanides, Be,
Mg, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
Ge, Sn, Pb, As,
Sb, Bi, Fe, Ru, Os,
Co, Rh, Ir, Ni, Pd,
PI, Cu, Ag, Au, Zn,
Cd, Hg, Se, Y, Ti,
Zr, HI, V, Nb, Ta,
Mn, Te, and Re

35 Bromine-74~ 0, see m
Br 2E+4 7E+4 3E-5 1E-7 - -

SIW~~ - - - 5E-4 5E-3
(4E+4

W,ses m
Br - 8E+4 4E-5 1E-7 - -

35 Bromlne-75 Dr see (4mSr 3E+4 5E+4 2E-5 7E-8 - -
~tw~~ - - - 5E-4 5E-3
4E+4

W,ses mBr - 5E+4 2E-5 7E-8 - -
35 Bromine~76 0, see 14mSr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4

W,ses m
Br - 4E+3 2E·6 6E-9 - -

35 Bromine-?? OJ see l.mSr 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3

W,ses m
Br - 2E+4 8E-6 3E-8 - -

35 Bromine-80m D, see {4mSr 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3
W, see ,'mSr - 1E+4 6E-6 2E-8 - -

35 Bromine-BOL 0, see l<tffiSr 5E+4 2E+5 8E-5 3E-7 - -
~tw~~ - - - 1E-3 1E-2
9E+4

W,ses mBr - 2E+5 9E-5 3E-7 - -
35 Bromine-52 D, see mBr 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W, see {'mSr - 4E+3 2E-6 5E-9 - -
35 Bromine-53 0, see 14mSr 5E+4 6E+4 3E-5 9E-8 - -

Stwali - - - 9E-4 9E-3
(7E+4\

W,ses ('mSr - 6E+4 3E-5 9E-8 - -
35 Bromine-54:.! OJ see ('1mSr 2E+4 6E+4 2E-5 8E-8 - -

Stwali - - - 4E-4 4E-3
(3E+4\

W, see 14mSr - 6E+4 3E-5 9E-8 - -
36 Kryplon-74" Submersion "] - - 3E-6 1E-8 - -
36 Kryplon-76 Submersion - - 9E-6 4E-8 - -
36 Kryoton-77L Submersion - - 4E·6 2E-8 - -

36 Krypton-79 Submersion1 - - 2E-5 7E-8 - -
36 Krypton-81 Submersion I - - 7E-4 3E·6 - -
36 Krvolon-83m

L Submersion - - 1E-2 5E-5 - -
36 Kryplon-85m Submersion1 - - 2E-5 1E-7 - -
36 Kryplon·85 Submersion1 - - 1E-4 7E-7 - -
36 Krypton·87

L Submersion I - - 5E·6 2E-8 - -
36 Krypton·88 Submersion - - 2E·6 9E-9 - -
37 Rubidlum-79 0, all compounds 4E+4 1E+5 5E-5 2E-7 - -

Stwali - - - 8E-4 8E-3
f6E+4\

37 Rubidium·81m
L 0, all compounds 2E+5 3E+5 1E-4 5E-7 - -

~tw~~ - - - 4E-3 4E-2
3E+5

37 Rubidium-81 D, all comoQunds 4E+4 5E+4 2E-5 7E-8 5E-4 5E-3
37 Rubidium-82m D, all comoQunds 1E+4 2E+4 7E·6 2E-8 2E-4 2E-3
37 Rubidium-83 D, all comoounds 6E+2 1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium·84 D, all comoounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 RUbidium·86 D, all comDounds 5E+2 8E+2 3E-7 1E-9 7E·6 7E-5
37 Rubidium-87 D, all compounds 1E+3 2E+3 6E-7 2E-9 1E-5 lE·4
37 Rubidium-88' D, all compounds 2E+4 6E+4 3E-5 9E-8 - -
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T~ble I Table II Table III

OcclJPational Values Effluent ConcenlraUons Releases to
Sewers

Col. 1 Col.:!'! •• CQI.S Col. 1 CQI.:! Monlhly

Or~1
InlJ~I~lIon ••• ..... AveragE!

.. .
.. . .... Concen-Ingeslion DAC IrEWon

..... ALlWCI) (pCilml) (J1CVmll
Siwall - - - 4E-4 4E-3
13E+4)

37 Rubidium-89 D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
Stwall - - - 9E-4 9E-3
(6E+41

38 Strontium-BO'" D, all soiuble 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
compounds except
SrTi03

Y, all insoluble - 1E+4 5E-6 2E·8 - -
compounds and
SrTi03

38 Stronlium·81' 0, see ovSr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y,see~Sr 2E+4 8E+4 3E-5 1E-7 - -

38 Strontium-82 D, see ""Sr 3E+2 4E+2 2E-7 6E-10 - -
LLI wall - - - 3E·6 3E-5
(2E+21

Y,see Sr 2E+2 9E+1 4E-8 1E-10 - -
38 Strontium-83 0, see tKJSr 3E+3 7E+3 3E-6 1E-8 3E-5 3E-4

Y, see ovSr 2E+3 4E+3 1E-6 5E-9 - -
38 Strontium-85m":: D, see 0\ Sr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2

Y,see Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, see ovSr 3E+3 3E+3 1E·6 4E-9 4E-5 4E-4

Y, see ovSr - 2E+3 6E-7 2E-9 - -
38 Strontium-87m Of see ..... Sr 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3

Y, see ClUSr 4E+4 2E+5 6E-5 2E-7 . - -
38 Strontium-89 0, see ouSr . 6E+2 8E+2 4E-7 1E-9 - -

~iIW~1I - - - 8E-6 8E-5
6E+2)

Y, see ClUSr 5E+2 1E+2 6E-8 2E-10 - -
38 Strontium-SO 0, see ouSr 3E+1 2E+1 8E-9 - - -

Bone surf Bone surf - 3E-1I 5E-7 5E-6
(4E+l) (2E+l)

..
Y. see lSUSr - 4E+O 2E-9 6E-12 - -

38 Stronlium-91 0, see cuSr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4
Y, see ovSr - 4E+3 1E-6 5E-9 - -

38 Strontium-92 D,see Sr 3E+3 9E+3 4E·6 '1 E-8 4E-5 4E-4

Y, see ""Sr - 7E+3 3E·6 9E-9 - -
39 yttrium-86m' W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3

except those given
lorY
V, oxides and - 5E+4 2E-5 8E-8 - -
hydroxides

39 Yttrium-86 W,see~"Y 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
Y, see Ul''y - 3E+3 1E-6 5E-9 - -

39 Yttrium-87 W,see Y 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4

Y,see~Y - 3E+3 1E-6 5E-9 - -
39 Yttrium-88 W, see OO1J!y 1E+3 3E+2 1E-7 3E-10 1E-5 1E-4

Y,see Y - 2E+2 1E-7 3E-10 - -
39 Yttrium-90m W,see~ 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3

Y, see OOllly - 1E+4 5E-6 2E-8 - -

39 Yttrium-90 W,see~"Y 4E+2 7E+2 3E-7 9E-10 - -
LLI wall - - - 7E-6 7E-5
(5E+2)

Y, see 00llly - 6E+2 3E-7 9E-10 - -
39 Yttrium-91m' W, see vt"v 1E+5 2E+5 1E-4 . 3E-7 2E-3 2E-2

V, see tlOOlV - 2E+5 7E-5 2E-7 - -
39 YUrium-91 W, see ~''y 5E+2 2E+2 7E-8 2E-10 - -

~ilwali - - - 8E-6 8E-5
6E+2l

V, see tlOOlV - 1E+2 5E-8 2E-10 - -
39 Yttrium-92 W,see~"Y 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
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TableI Values
Table II Table III

Effluent.Concentrations Releases to.. Sewers
Col.1 Col.2/1 Co/.S Co/A Col. 2 M~n(hly

.·Qr~1 Inhalation Average
•• Cohcen~

•••• DAC
(~8tionAU(pCil (pCUmll pCVm/j

Y, see ~"Y - 8E+3 3E-6 1E-8 - -
39 Ytlrium-93 W, see :NIlly 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y, see OOffiy - 2E+3 1E-6 3E-9 - -
39 Ytlrium-94" W, see OOllly 2E+4 8E+4 3E-5 1E-? - -

~IW~:
- - - 4E-4 4E-3

3E+4
Y,see-Y - 8E+4 3E-5 1E-? - -

39 Ytlrium-95" W, see OOllly 4E+4 2E+5 6E-5 2E-? - -
~twail - - - ?E-4 ?E-3
5E+4)

Y, see OOllly - 1E+5 8E-5 2E-? - -
40 Zirconium-B6 OJ all compounds 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

except those given
lorW and Y
W, oxides, - 3E+3 1E-6 4E-9 - -
hydroxides,
halides, and
nitrates
Y, carbide - 2E+3 1E-8 3E-9 - -

40 Zirconium-B8 D, see t50Zr 4E+3 2E+2 9E-8 3E-10 5E-5 5E-4
W, see ooZr - 5E+2 2E-? ?E-1O - -
Y, see ooZr - 3E+2 1E-? 4E-10 - -

40 Zirconium-89 D, see Zr .2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see atlZr - 2E+3 1E-6 3E-9 - -

Y, see coZr - 2E+3 1E-6 3E-9 - -
40 Zirconium-93 D, see ouZr 1E+3 6E+0 3E-9 - - -

Bgne S3~rf Bone surf - 2E-11 4E-5 4E-4
3E+3 (2E+1)

W, see coZr - 2E+1 1E-8 - - -
- Bone surf - 9E-11 - -

(6E+1l
Y, see ooZr - 6E+1 2E-8 - - -

- Bone surf - 9E-11 - -
(?E+1l

40 Zirconium·95 D,see Zr 1E+3 1E+2 5E-8 - 2E-5 2E-4
- Bone surf - 4E-10 - -

(3E+2)
W, see ooZr - 4E+2 2E-? 5E-10 - -
Y, see Zr - 3E+2 1E-? 4E-10 - -

40 Zirconium-97 OJ see roZf 6E+2 2E+3 8E-? 3E-9 9E-6 9E-5
W, see coZr - 1E+3 6E-? 2E-9 - -
Y, see <><·Zr - 1E+3 5E-? 2E-9 - -

41 Niobium-88 W, ail compounds 5E+4 2E+5 9E-5 3E-? - -
except those given 51 wail - - - 1E-3 1E-2
lorY (7E+4)
Y, oxides and - 2E+5 9E-5 3E-? - -
hydroxides

41 Niobium-8g': W,seeooNb 1E+4 4E+4 2E-5 6E-8 1E-4 1E-3
(66 min) Y, see ooNb - 4E+4 2E-5 5E-8 - -

41 Niobium-89 W,see Nb 5E+3 2E+4 8E-6 3E-8 ?E-5 ?E-4
(122 min) Y, see ooNb - 2E+4 6E-6 2E-8 - -

41 Niobium-90 W, see ooNb 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4

Y, see Nb - 2E+3 1E-6 3E-9 - -

41 Niobium-93m W, see ooNb 9E+3 2E+3 8E-? 3E-9 - -
LLI wail - - - 2E-4 2E-3
f1E+4)

Y, see Nb - 2E+2 ?E-8 2E-10 - -
41 Niobium-94 W, see ooNb 9E+2 2E+2 8E-8 3E-10 1E-5 1E-4

Y, see ooNb - 2E+1 6E-9 2E-11 - -
41 Niobium-95m W see Nb 2E+3 3E+3 1E-6 4E-9 - -
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Table,l Table II Table III
ReleasasloI Values Effluent.Concentrations Sewers

.. ' Co/.1 Col.2.1 eol,3 CoLI Col. 2 Mont!)/)'

·Qr~l •••.•• Inhalation .. ' AllfJ(l1ge
,

()oT1ce.n~DAC
AU(~CI) (~CVml)

•••
(~rtionCVml)

LUwall - - - 3E-5 3E-4
(2E+3l

Y, see =Nb - 2E+3 9E-7 3E-9 - -
41 Nioblum-95 W,see Nb 2E+3 IE+3 5E-7 2E-9 3E-5 3E-4

Y, see =Nb - IE+3 5E-7 2E-9 - -
41 Niobium-96 W, see =Nb IE+3 3E+3 IE-6 4E-9 2E-5 2E-4

Y, see Nb - 2E+3 IE-6 3E-9 - -
41 Nioblum-97 W, see =Nb 2E+4 BE+4 3E-5 IE-7 3E-4 3E-3

Y, see =Nb - 7E+4 3E-5 IE-7 - -

41 Niobium-9a'" W,see Nb IE+4 5E+4 2E-5 BE-B 2E-4 2E-3
Y, see ""Nb - 5E+4 2E-5 7E-B - -

42 Molybdenum- 0, all compounds 4E+3 7E+3 3E-6 IE-6 3E-5 3E-4
90 except those given

lorY
Y, oxides, 2E+3 5E+3 2E-6 6E-9 - -
hydroxide, and
MoS2

42 Molybdenum- D, see Mo 9E+3 2E+4 7E-6 2E-B 6E-5 6E-4
93m Y, see~Mo 4E+3 IE+4 6E-6 2E-B - -

42 Molybdenum- D, see=Mo 4E+3 5E+3 2E-6 BE-9 5E-5 5E-4
93 Y, see Mo 2E+4 2E+2 BE-B 2E-10 - -

42 Molybdenum- O,seewMo 2E+3 3E+3 IE-6 4E-9 - -
99 LLI wall - - - 2E-5 2E-4

(IE+3)
Y,see Mo IE+3 IE+3 6E-7 2E-9 - -

42 MOI~bdenum- O,seewMo 4E+4 IE+5 6E-5 2E-7 - -
101 Slwall - - - 7E-4 7E-3

(5E+4l
Y, see Mo - IE+5 6E-5 2E-7 - -

43 Technetium- 0, all compounds 7E+4 2E+5 6E-5 2E-7 IE-3 IE-2
93m

2 except those given
lorW
W, oxides, - 3E+5 IE-4 4E-7 - -
hydroxides,
halides, and
nitrates

43 Technetium-93 D, see """e 3E+4 7E+4 3E-5 IE-7 4E-4 4E-3
W, see ~''Te - lE+5 4E-5 IE-7 - -

43 Technetium- 0, see 'Te 2E+4 4E+4 2E-5 6E-B 3E-4 3E-3
94m2

W, see """e - 6E+4 2E-5 BE-B - -

43 Technetium-94 D, see ~''Te 9E+3 2E+4 BE-6 3E-B IE-4 IE-3
W,see ~''Te - 2E+4 IE-5 3E-B - -

43 T6ch natium- D,see 'Te 4E+3 5E+3 2E-6 BE-9 5E-5 5E-4
95m W, see ""'Te - 2E+3 BE-7 3E-9 - -

43 Technetium-95 D, see '~''Te lE+4 2E+4 9E-6 3E-B IE-4 IE-3
W,see "'Te - 2E+4 BE-6 3E-B - -

43 Technetium- D, see """Te 2E+5 3E+5 IE-4 4E-7 2E-3 2E-2
96m

2
W, see ~''Te - 2E+5 IE-4 3E-7 - -

43 Technetium-96 D, see ~''Te 2E+3 3E+3 IE-6 5E-9 3E-5 3E-4

W,see 'Te - 2E+3 9E-7 3E-9 - -

43 Technetium- D, see """e 5E+3 7E+3 3E-6 - 6E-5 6E-4
97m - SIWall - IE-B - -

I7E + 31
W,see 'Ie - IE+3 5E-7 2E-9 - -

43 Technetium-97 D, see """Te 4E+4 5E+4 2E-5 7E-B 5E-4 5E-3
W, see ~''Te - 6E+3 2E-6 BE-9 - -

43 Technetium-98 0, see ''Ie IE+3 2E+3 7E-7 2E-9 lE-5 IE-4

W, see """e - 3E+2 IE-7 4E-10 - -
43 Technetium- 0, see ::tVt'Tc BE+4 2E+5 6E-5 ,2E-7 IE-3 IE-2

99m W,see 'Ie - 2E+5 IE-4 3E-7 - -
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, Table I Table"
Table III

occup~t!onal Values Effluent Concentrations Rele~ses to
Sewers

Atomic
R~dionuclic1e Class Co/.t Col. 2 I Col. 3 Col.t Col. 2 Monthly

No.
Oral Inhalation Av~(age

,. Ingestion DAC
Air Water Concfj(l~

All (~Cj) (~CVml) (~CVml) lra.tiOIlAll (~Ci) (~CVml) (pCVmIJ
43 Technetium-99 D, see ~'Tc 4E+3 5E+3 2E-6 - 6E-5 6E-4

- Stwall - 6E-9 - -
16E+31

W, see ""'Tc - 7E+2 3E-7 9E-10 - -

43 Technetium- D, see ~'Tc 9E+4 3E+5 1E-4 5E-7 - -
101 2 Stwall - - - 2E-3 2E-2

I· (1E+5)
W, see '~'Tc - 4E+5 2E-4 5E-7 - -

43 Technetium- D, see '~'Tc 2E+4 7E+4 3E-5 1E-7 - -
104

2 Stwall - - - 4E-4 4E-3
13E+4)

W, see '~'Tc - 9E+4 4E-5 1E-7 - -

44 Ruthenium-94 D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
except those given
forWand Y
W, halides - 6E+4 3E-5 9E-8 - -
V, oxides and - 6E+4 2E-5 8E-8 - -
hYdroxides

44 Rulhenium-97 0, see Ru 8E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see ~Ru - 1E+4 5E-6 2E-8 - -
Y, see t>'tRu - 1E+4 5E-6 2E-8 - -

44 Ruthenium-103 D, see Ru 2E+3 2E+3 7E-7 2E-9 3E-5 3E-4

W, see Ru - 1E+3 4E-7 1E-9 - -
Y,5ee~Ru - 6E+2 3E-7 9E-10 - -

44 Ruthenium-105 0, see ::>'<Ru 5E+3 1E+4 6E-6 2E-8 7E-5 7E·4

W, see Ru - 1E+4 6E-6 2E-8 - -
Y, see l:'+Ru - 1E+4 5E-6 2E-8 - -

44 Ruthenium-106 0, see ~ Ru 2E+2 9E+1 4E·8 1E-10 - -
III wall - - - 3E-6 3E-5
12E+21

W, see tf"Ru - 5E+1 2E-8 8E-11 - -
Y, see ~Ru - 1E+1 5E-9 2E-11 - -

45 Rhodium·99m D, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
except those given
forW and Y
W, halides - 8E+4 3E-5 1E-7 - -
Y, oxides and - 7E+4 3E-5 9E-8 - -
hydroxides

45 Rhodium-99 D,see
m

Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4

W,see
m

Rh - 2E+3 9E-7 3E-9 - -
Y, see ~"Rh - 2E+3 8E-7 3E-9 - -

45 Rhodium-100 D, see ,..,..mRh 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4

W, see Rh - 4E+3 2E-6 6E-9 - -
Y,see-Rh - 4E+3 2E-6 5E-9 - -

45 Rhodium-101m D, see ""'Rh 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W,ses ""mRh - 8E+3 4E-6 1E-8 - -
Y, see Rh - 8E+3 3E-6 1E-8 - -

45 Rhodium-l01 D,see-Rh 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4

W, see ""'Rh - 8E+2 3E-7 1E-9 - -
Y, see Rh - 2E+2 6E-8 2E-l0 - -

45 Rhodium-102m D, see-Rh 1E+3 5E+2 2E-7 7E-.10 - -
III wall - - - 2E-5 2E-4
(1E+31

W, see Rh - 4E+2 2E-7 5E-1O - -
Y, see '=Rh - 1E+2 5E-8 2E-10 - -

45 Rhodium-102 D, see .m"Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5

W, see Rh - 2E+2 7E-8 2E-10 - -
Y, see '=Rh - 6E+1 2E-8 8E-11 - -

45 Rhodium- D, see .m"Rh 4E+5 1E+6 5E-4 2E-6 6E-3 6E-2
103m

2
W,see mRh - 1E+6 5E-4 2E-6 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

.....",. -,,"- Col. 1 Col.2J Col. 3 Col. 1 ·Col.2 Monthly

Oral Inhalation Av~rtJ.gfJ

Ingestion DAC
Waler Concen~

ALI (~CI)
••••

(~CUml)
(~CUml) rtr lion

CVmlj
Y, see ~mRh - lE+6 5E-4 2E-6 - -

45 Rhodium-l05 D, see m
Rh 4E+3 lE+4 5E-6 2E-8 - -

LLI wall - - - 5E-5 5E-4
(4E+3)

W,see =Rh - 6E+3 3E-6 9E-9 - -
Y,see Rh - 6E+3 2E·6 8E-9 - -

45 Rhodium-106m D, see wmRh 8E+3 3E+4 lE-5 4E-8 lE-4 lE-3

W, see """'Rh - 4E+4 2E-5 5E-8 - -
Y,see

m
Rh - 4E+4 lE-5 5E-8 - -

45 Rhodium-l07' D, see wmRh 7E+4 2E+5 lE-4 3E-7 - -
SI wa1~ - - - lE-3 lE-2
(9E+4

W, see mRh - 3E+5 lE-4 4E-7 - -
Y, see """'Rh - 3E+5 lE-4 3E-7 - -

46 Palladium-l00 D, all compounds lE+3 lE+3 6E-7 2E-9 2E-5 2E-4
except those given
forWand Y
W, nitrates - lE+3 5E-7 2E-9 - -
Y, oxides and - lE+3 6E-7 2E-9 - -
hYdroxides

46 Palladium-l01 D, see 1wPd lE+4 3E+4 lE-5 5E-8 2E-4 2E-3

W, see Pd - 3E+4 lE-5 5E-8 - -
Y, see lWPd - 3E+4 lE-5 4E-8 - -

46 Palladium-l03 D, see 1WPd 6E+3 6E+3 3E-6 9E-9 - -
LLI wall - - - lE-4 lE-3
17E+3\

W, see lWPd - 4E+3 2E-6 6E-9 - -
Y, see 1WPd - 4E+3 lE-6 5E-9 - -

46 Palladium-l07 D, see Pd 3E+4 2E+4 9E-6 - - -
~;Iwall Kidneys - 3E-8 5E-4 5E-3
4E+4) (2E+4)

W, see 1WPd - 7E+3 3E-6 lE-8 - -

Y, see Pd - 4E+2 2E-7 6E-l0 - -
46 Palladium-l09 D, see wUPd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4

W, see 1wPd - 5E+3 2E-6 8E-9 - -

Y, see 1WPd - 5E+3 2E-6 6E-9 - -
47 Silver-l02 D, all compounds 5E+4 2E+5 8E-5 2E-7 - -

except those given Siwall - - - 9E-4 9E-3
forW and Y (6E+4)
W, nitrates and - 2E+5 9E-5 3E-7 - -
sulfides
Y, oxides and - 2E+5 8E-5 3E-7 - -
hvdroxides

47 Silver-l03 0, see Ag 4E+4 lE+5 4E-5 lE-7 5E-4 5E-3

W, see lO'Ag - lE+5 5E-5 2E-7 - -
Y, see wLAg - lE+5 5E-5 2E-7 - -

47 Silver-104m 0, see Ag 3E+4 9E+4 4E-5 lE-7 4E-4 4E-3

W, see lO'Ag - lE+5 5E-5 2E-7 - -
Y, see 1ULAo - lE+5 5E-5 2E-7 - -

47 Silver-l04< D, see ,u<Ag 2E+4 7E+4 3E-5 lE-7 3E-4 3E-3

W, see Ao - lE+5 6E-5 2E-7 - -
Y, see 1U'Ag - lE+5 6E-5 2E-7 - -

47 Silver-l05 D, see W'Ag 3E+3 lE+3 4E-7 lE-9 4E-5 4E-4

W,see Ao - 2E+3 7E-7 2E-9 - -

Y, see lU'Ag - 2E+3 7E-7 2E-9 - -

47 Silver-106m D, see lO'An 8E+2 7E+2 3E-7 lE-9 lE-5 lE-4
W, see ,u<Ag - 9E+2 4E-7 lE-9 - -
Y, see Ag - 9E+2 4E-7 lE-9 - -

47 Silver-l06' D see lOLAn 6E+4 2E+5 8E-5 3E-7 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Col. 1 COl. 21 Col. 3 Col. 1 CoL 2 Monlhly

Oral Inhalation Average

Ingestion DAC
Air Water Concen·

(~CVml) (~CVml) tration
ALI (~Ci) @Vml) (uCUml)
St.waii - - - 9E-4 9E-3
(6E+4)

W, see IU"'Ag - 2E+5 9E-5 3E-7 - -

Y, see Ag - 2E+5 8E-5 3E-7 - -
47 Silver-108m D, see ,"LAg 6E+2 2E+2 8E-8 3E-l0 9E-6 9E-5

W,see 'WAg - 3E+2 lE-7 4E-l0 - -

Y, see 'V'Ag - 2E+l lE-8 3E-l1 - -

47 Silver-110m D, see ,"LAg 5E+2 lE+2 5E-8 2E-l0 6E-6 6E-5
W, see OULAD - 2E+2 8E-8 3E-l0 - -
Y, see v'Aa - 9E+l 4E-8 lE-l0 - -

47 Silver-ll1 0, see Ag 9E+2 2E+3 6E-7 - - -
LLI waii Liver - 2E-9 2E-5 2E-4
(1E+3) (2E+3)

W, see Ag - 9E+2 4E-7 lE-9 - -
Y, see ,"LAg - 9E+2 4E-7 lE-9 - -

47 Silver-112 D, see ,vLAo 3E+3 8E+3 3E-6 lE-8 4E-5 4E-4
W, see ,v'Aa - lE+4 4E-6 lE-8 - -
Y, see Ag - 9E+3 4E-6 lE-8 - -

47 Silver-115L D, see,vLAg 3E+4 9E+4 4E-5 lE-7 - -
Stwaii - - - 4E-4 4E-3
(3E+41

W,see Ag - 9E+4 4E-5 lE-7 - -
Y, see 'VLAg - 8E+4 3E-5 lE-7 - -

48 Cadmium-l04' D, all compounds 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3
except those given
(orWand Y
W, sulfides, - lE+5 5E-5 2E-7 - -
halides, and
nitrates
Y, oxides and - lE+5 5E-5 2E-7 - -
hydroxides

48 Cadmium-107 D, see Cd 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
W,see '''''Cd - 6E+4 2E-5 8E-8 - -

Y, see '''''Cd - 5E+4 2E-5 7E-8 - -
48 Cadmium-l09 D, see '~Cd 3E+2 4E+l lE-8 - - -

Kidneys Kidneys - 7E-l1 6E-6 6E-5
(4E+2) (5E+il

W, see '~Cd - lE+2 5E-8 - - -
- Kidneys - 2E-l0 - -

(lE+21
Y, see '''''Cd - lE+2 5E-8 2E-l0 - -

48 Cadmium-113m D, see '~Cd 2E+l 2E+0 lE-9 - - -
Kidneys Kidneys - 5E-12 5E-7 5E-6
14E+1l f4E+(»

W, see '''''Cd - 8E+0 4E-9 - - -
- Kidneys - 2E-ll - -

flE+il
Y, see Cd - lE+l 5E-9 2E-ll - -

48 Cadmium-113 D, see '''''Cd 2E+l 2E+0 9E-l0 - - -
Kidneys Kidneys - 5E-12 4E-7 4E-6
(3E+il f3E+0)

W,see Cd - 8E+0 3E-9 - - -
- Kidneys - 2E-l1 - -

(1 E+i l
Y,see Cd - lE+l 6E-9 2E-l1 - -

48 Cadmium-115m D, see Cd 3E+2 5E+l 2E-8 - 4E-6 4E-5
- Kidneys - lE-l0 - -

(8E+il
W,see Cd - lE+2 5E-8 2E-l0 - -
Y, see '''''Cd - lE+2 6E-8 2E-l0 - -

48 Cadmium-115 D see '~Cd 9E+2 lE+3 6E-7 2E-9 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Alomic Radionuclide Col. 1 Cof.2 I ·• •• Cof. 3 CoLf Cof.2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Concen~

(~Cilml) tration
ALI (~Ci) (~CUml)

· (IlCilml)
LLI wail - - - 1E-5 lE-4
(lE+3)

W,see Cd - 1E+3 5E-7 2E-9 - -
Y, see '~Cd - lE+3 6E-7 2E-9 - -

48 Cadmium-117m D, see '~Cd 5E+3 lE+4 5E-6 2E-8 8E-5 6E-4

W,see Cd - 2E+4 7E-6 2E-8 - -

Y, see '~Cd - 1E+4 6E-6 2E-8 - -

48 Cadmium-i17 D, see '~Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4
W, see '~Cd - 2E+4 7E-6 2E-8 - -
Y,see Cd - lE+4 6E-6 2E-8 - -

49 Indium-109 D, all compounds 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
except those given
forW
W, oxides, - 6E+4 3E-5 9E-8 - -
hydroxides,
halides, and
nitrates

49 Indium-110" D, see IV>:lln 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
(69.1 min) W,see In - 6E+4 2E-5 8E-8 - -

49 Indium-110 D, see lWln 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9 h) W, see '\/:lln - 2E+4 8E-6 3E-8 - -

49 Indium-111 D, see u"'ln 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4

W, see In - 8E+3 3E-6 9E-9 - -
49 Indium-112" D,seelWln 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2

W, see IU"'ln - 7E+5 3E-4 lE-6 - -

49 Indium-113m D, see In 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
W, see lU'::lln - 2E+5 8E-5 3E-7 - -

49 Indium-114m D, see tWin 3E+2 6E+1 3E-8 9E-l1 - -
LLI wail - - - 5E-6 5E-5
(4E+2)

W, see lU':lln - 1E+2 4E-8 lE-l0 - -
49 Indium-115m D, see 1V'~ln 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, see ~In - 5E+4 2E-5 7E-8 - -
49 Indium-115 D,see In 4E+l 1E+0 6E-1O 2E-12 5E-7 5E-6

W, see lv:l1n - 5E+0 2E-9 8E-12 - -
49 Indium-116m" D, see l\r.>'ln 2E+4 8E+4 3E-5 lE-7 3E-4 3E-3

W, see IWIn - IE+5 5E-5 2E-? - -
49 Indium-117m" D,see lWln 1E+4 3E+4 lE-5 5E-8 2E-4 2E-3

W, see tWin - 4E+4 2E-5 6E-8 - -

49 Indium-117" D, see '=In 6E+4 2E+5 7E-5 2E-7 8E-4 8E-3

W,see In - 2E+5 9E-5 3E-7 - -
49 Indium-119m" 0, see 11];;110 4E+4 1E+5 5E-5 2E-7 - -

Stwail - - - 7E-4 7E-3
(5E+4)

W,see In - 1E+5 6E-5 2E-7 - -
. 50 Tin-ll0 0, all compounds 4E+3 lE+4 5E-6 2E-8 5E-5 5E-4

except those given
forW
W, sulfides, - lE+4 5E-6 2E-8 - -
oxides. hydroxides,
halides, nitrates,
and stannic
Dhosohale

50 Tin-111 0, see Sn 7E+4 2E+5 9E-5 3E-7 lE-3 lE-2
W, see IIUSn - 3E+5 lE-4 4E-7 - -

50 Tin-113 0, see ovSn 2E+3 1E+3 5E-7 2E-9 - -
LLI wall - - - 3E-5 3E-4
(2E+3)

W, see IIUSn - 5E+2 2E-7 8E-l0 - -
50 Tin-117m Osee Sn 2E+3 lE+3 5E-7 - - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic ,. Co/.t Cql. 2 '. '·1 Col. 3 Col.t Col. 2 Mqnl/Jly
No.

Oral Inhalation Average

Ingestion DAC
Air Waler Concen·

At.IWGi) AlI(~Ci)
(~CVml)

(~CVml) (~CVml) rtrlion
CVml)

LLJ wall Bone surf - 3E-9 3E-5 3E-4
(2E+3) (2E+3)

W, see 11USn - 1E+3 6E-7 2E-9 - -
50 Tin-119m 0, see Sn 3E+3 2E+3 1E-6 3E-9 - -

~~k~~~1
- - - 6E-5 6E-4

W,see Sn - 1E+3 4E-7 1E-9 - -
50 Tin-121m 0, see 11080 3E+3 9E+2 4E-7 1E-9 - -

~;I W~~I - - - 5E-5 5E-4
4E+3

W,see Sn - 5E+2 2E-7 8E-1O - -
50 Tin-121 0, see l1USn 6E+3 2E+4 6E-6 2E-8 - -

LLJ wall - - - 8E-5 8E-4
(6E+3\

W, see 1108n - 1E+4 5E-8 2E-8 - -
50 Tin-123m' Of see nUSn 5E+4 1E+5 5E-5 2E-7 7E-4 7E-3

W, see nUSn - 1E+5 6E-5 2E-7 - -

50 Tin-123 0, see Sn 5E+2 6E+2 3E-7 9E-10 - -
~i' W~~I - - - 9E-6 9E-5
8E+2

W, see lUSn - 2E+2 7E-8 2E-10 - -
50 Tin-125 D, see Sn 4E+2 9E+2 4E-7 1E-9 - -

~~I w~~1 - - - 6E-6 6E-5
5E+2

W, see lUSn - 4E+2 1E-7 5E-1O - -
50 Tin-126 0, see Sn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5

W, see 11USn - 7E+1 3E-8 9E-11 - -
50 Tin-127 D, see nUSn 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4

W, see Sn - 2E+4 8E-6 3E-8 - -

50 Tin-128 D, see l1USn 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3

W, see nUSn - 4E+4 1E-5 5E-8 - -

51 Anlimony-115' 0, all compounds 8E+4 2E+5 1E-4 '3E-7 1E-3 1E-2
except those given
forW
W, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides,
halides, sulfides,
sulfates, and
nitrates

51 Antimony- D, see "'Sb 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3

116m
2

W,see"'Sb - 1E+5 6E-5 2E-7 - -
51 Anlimony-116 0, see Sb 7E+4 3E+5 1E-4 4E-7 - -

Stwall - - - 1E-3 1E-2
(9E+4)

W,see "'Sb - 3E+5 1E-4 5E-7 - -
51 Anlimony-117 0, see Sb 7E+4 2E+5 9E-5 3E-7 .9E-4 9E-3

W,see "'Sb - 3E+5 1E-4 4E-7 - -
51 Antimony-118m 0, see "Sb 6E+3 2E+4 8E-6 3E-8 7E-5 7E-4

W,see Sb 5E+3 2E+4 9E-6 3E-8 - -

51 Anlimony-119 0, see Sb 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3

W, see "'Sb 2E+4 3E+4 1E-5 4E-8 - -
51 Anlimony-120' 0, see "Sb 1E+5 4E+5 2E-4 6E-7 - -

(16 min) Stwall - - - 2E-3 2E-2
(2E+5)

W, see ""Sb - 5E+5 2E-4 7E-7 - -
51 Antimony-120 0, see "Sb 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4

(5.76 d) W, see ""Sb 9E+2 1E+3 5E-7 2E-9 - -

51 Anlimony-122 0, see "Sb 8E+2 2E+3 1E-6 3E-9 - -
LLJ wall - - - 1E-5 1E-4
(8E+2)

W, see ""Sb 7E+2 1E+3 4E-7 . 2E-9 - -
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Table I Table II Table III

Occupational Values gffluent Concentrations Releases to
Sewers

Atomic b ..."_ ,,,., Class Col.I Col. 2 I Col. 3 Col. I Col. 2 Monlhfy
No.

Oral Inhalation AVi3rage

Ing~sti(m DAC
Waler Concen~

A~I (~Ci) (~CVml) /Ja!ionA~I (~qi) (~CVml) flCVmlJ
51 Antimony~ 0, see ,oSb 3E+5 8E+5 4E-4 1E-6 3E-3 3E-2

124m
2

W,see "Sb 2E+5 6E+5 2E-4 8E-7 - -
51 Antimony-124 D, see Sb 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5

W, see "oSb 5E+2 2E+2 1E-7 3E-10 - -
51 Antimonyw 125 0, see "Sb 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4

W,see noSb - 5E+2 2E-7 7E-10 - -
51 Antimony~ 0, see ,oSb 5E+4 2E+5 8E-5 3E-7 - -

126m
2 Siwall - - - 9E-4 9E-3

(7E+41
W,see noSb - 2E+5 8E-5 3E-7 - -

51 Antimony-126 D, see "oSb 6E+2 1E+3 5E-7 2E-9 7E-6 7E-5

W,see "Sb 5E+2 5E+2 2E-7 7E-10 - -
51 Antimony-127 0, see Sb 8E+2 2E+3 9E-7 3E-9 - -

~L1 wail - - - 1E-5 1E-4
(8E+21

W, see Sb 7E+2 9E+2 4E-7 1E-9 - -

51 Antimony-128' D, see Sb 8E+4 4E+5 2E-4 5E-7 - -
(1004 min) Stwall - - - 1E-3 1E-2

I1E+51
W,see Sb - 4E+5 2E-4 6E-7 - -

51 Antimony-128 D, see noSb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
(9.01 h) W,see "oSb - 3E+3 1E-6 5E-9 - -

51 Antimony-129 D, see" Sb 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4

W, see Sb - 9E+3 4E-6 1E-8 - -
51 . Antimony-130' D, see "oSb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3

W, see "oSb - 8E+4 3E-5 1E-7 - -

51 Antimony-131 D, see Sb 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid - 6E-8 2E-4 2E-3
(2E+41 (4E+4)

W, see "'Sb - 2E+4 1E-5 - -
- Thyroid - 6E-8 - -

(4E+4)
52 Tellurium w 116 D, all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3

except those given
forW
W, oxides, - 3E+4 1E-5 4E-8 - -
hydroxides, and
nitrates

- 52 Tellurium-121m 0, see ,e 5E+2 2E+2 8E-8 - - -
Bone surf Bone surf - 5E-1O 1E-5 1E-4

(7E+2) 4E+21
W, see ""Te - 4E+2 2E-7 6E-10 - -

52 Tellurium-121 0, see ,e 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W, see '''Te - 3E+3 1E-6 4E-9 - -
52 Tellurium-123m D, see '''Te 6E+2 2E+2 9E-8 - - -

Bone surf Bone surf - 8E-10 1E-5 1E-4
(1E+3) (5E+21

W, see '''Te - 5E+2 2E-7 8E-10 - -
52 Tellurium-123 0, see '''Te 5E+2 2E+2 8E-8 - - -

Bone surf Bone ~~rf - 7E-10 2E-5 2E-4
l1E+31 (5E+2

W, see '''Te - 4E+2 2E-7 - - -
- Bone surf - 2E-9 - -

(1 E+3)
52 Tellurium-125m D, see ""Te 1E+3 4E+2 2E-7 - - -

Bone surf Bone surf - 1E-9 2E-5 2E-4
(1E+3) 1E+3)

W, see Te - 7E+2 3E-7 1E-9 - -
52 Tellurium-127m D, see ""Te 6E+2 3E+2 1E-7 - 9E-6 9E-5

- Bone surf - 6E-10 - -
14E+21
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Table I Table"
Table III

Occupational Values Efflu\3nt Concentrations Releases to
Sewers

Atomic Class Co/.t Go/. :I I Go/, :J CoLt Col. :I Mont!!l}'
No. "aU'UHUWUO

Oral Inhalation Iwe.rafj6

Ingestior DAC
Waler CofJc(Jl1~

ALlWCI) ALI (~Ci)
(~CYml)

(~CYml) (titian
Gilmtl

W,see 'Te - 3E+2 1E-7 4E-10 - -
52 Tellurium-127 D, see ""Te 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3

W,see
10

Te - 2E+4 7E-6 2E-8 - -
52 Tellurium~129m D, see "fe 5E+2 6E+2 3E-7 9E-10 7E-6 7E-5

W, see ""Te - 2E+2 1E-7 3E-10 - -
52 Tellurium-129z D, see ""fe 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3

W, see 'Te - 7E+4 3E-5 1E-7 - -

52 Tellurium-131m D, see ""Te 3E+2 4E+2 2E-7 - - -

;~yro~~ ;~yro;~ - 2E-9 8E·6 8E-5
6E+2 1E+3

W,see 'Te - 4E+2 2E-7 - - -
- ;~yro;~ - 1E-9 - -

9E+2
52 Tellurlum-131' D, see ""Te 3E+3 5E+3 2E·6 - - -

Thyroid Thyroid - 2E-8 8E-5 8E-4
(6E+3) (1E+4)

W, see ""Te - 5E+3 2E·6 - - -
- ;~yro~~ - 2E-8 - -

1E+4
52 Tellurium-132 D, see ""Te 2E+2 2E+2 9E·8 - - -

Thyroid Thyroid - 1E-9 9E·6 9E-5
(7E+2) 18E+21

W, see 'Te - 2E+2 9E-8 - - -
- ;~yro;~ - 9E-10 - -

6E+2
52 Tellurium- 0, see "Te 3E+3 5E+3 2E-6 - - -

133m
2

Thyroi~ ;,hyro1~ - 2E·8 9E-5 9E-4
(6E+3 1E+4

W, see ""Te - 5E+3 2E-6 - - -
- ;,hyro1~ - 2E-8 - -

1E+4
52 Tellurlum-133' D, see ""Te 1E+4 2E+4 9E-6 - - -

Thyroid Thyroid - 8E-8 4E-4 4E-3
(3E+4) 16E+41

W, see 'Te - 2E+4 9E-6 - - -
- ;fhyrol~ - 8E-8 - -

6E+4
52 Tellurlum-134' D, see "fe 2E+4 2E+4 1E-5 - - -

Thyro1~ ;,hyrol~ - 7E-8 3E-4 3E-3
(2E+4 5E+4

W, see ""Te - 2E+4 1E-5 - - -

- ;1hyrol~ - 7E-8 - -
5E+4

53 Iodine-120m' D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid - - - 2E-4 2E-3
(1E+41

53 lodine-120 0, all compounds 4E+3 9E+3 4E-6 - - -

;,hyrO~~ ;~yroid - 2E-8 1E-4 1E-3
8E+3 1E+4)

53 lodine-121 OJ all compounds 1E+4 2E+4 8E-6 - - -
;tyro1~ ;~yro1~ - 7E-8 4E-4 4E-3
3E+4 5E+4

53 lodlne-123 D, all compounds 3E+3 6E+3 3E-6 - - -
;~yro;~ ;~yro1~ - 2E-8 1E-4 1E-3
1E+4 2E+4

53 lodlne-124 0, aU compounds 5E+1 8E+1 3E-8 - - -
Thyroid Thyroid - 4E-10 2E.6 2E-5
12E+21 (3E+2)

53 lodine-125 0, all compounds 4E+1 6E+1 3E-8 - - -
ThYro;~ ;~yro~~ - 3E-10 2E-6 2E-5
{1E+2 2E+2

53 lodine-126 D, all compounds 2E+1 4E+1 1E-8 - - -
;;hyro;~ ;~yro~~ - 2E-10 1E·6 1E-5
7E+1 1E+2
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Ii CoI.t Col. 2 i I ·i CDI. 3 c"l.t Col. 2 Monthly

Oral Inhalation Av,?!age
Ingestion DAC

Waler Goncell~

i·. ALI (~Ci) M;vIllI)
(~CVml) rtrIiO

;,)CVml
53 lodine-12B< 0, all compounds 4E+4 1E+5 5E-5 2E-7 - -

~tw~~
- - - BE-4 BE-3

6E+4
53 lodine-129 0, all compounds 5E+O 9E+O 4E-9 - - -

Thyroid Thyroid - 4E-11 2E-7 2E-6
(2E+1 ) (3E+1 )

53 lodine·130 0, all compounds 4E+2 7E+2 3E-7 - - -
Thyroid Thyroid - 3E-9 2E-5 2E-4
t1E+3\ 12E+3\

53 lodine-131 0, all compounds 3E+l 5E+l 2E-B - - -
Thyroid Thyroid - 2E-10 1E-6 1E-5
19E+11 12E+2\

53 Iodine-132m 0, all compounds 4E+3 BE+3 4E-6 - - -
Thyroid Thyroid - 3E-B 1E-4 1E-3
(1E+4\ (2E+4\

53 lodine-132 0, all compounds 4E+3 BE+3 3E·6 - - -
Thyroid Thyroid - 2E-B 1E-4 1E-3
(9E+3) (1E+4)

53 lodine-133 0, all compounds 1E+2 3E+2 lE-7 - - -

it
yroid ityro~~ - 1E-9 7E·6 7E-5

5E+21 9E+2
53 lodine-134' D, all compounds 2E+4 5E+4 2E-5 6E-B - -

Thyroid - - - 4E·4 4E-3
(3E+4)

53 lodine-135 0, all compounds BE+2 2E+3 7E-7 - - -
Thyroid Thyroid - 6E-9 3E-5 3E·4
13E+3\ 14E+3\

54 Xenon-120< Submersion - - 1E-5 4E-B - -
54 Xenon-121 Submersion - - 2E-6 1E-B - -
54 Xenon-122 Submersion - - 7E-5 3E-7 - -
54 Xenon-123 Submersion - - 6E-6 3E-B - -
54 Xenon-125 Submersion - - 2E-5 7E-8 - -
54 Xenon-127 Submersion - - 1E-5 6E-8 - -
54 Xenon-129m Submersion - - 2E-4 9E-7 - -

54 Xenon-131m Submersion - - 4E-4 2E-6 - -
54 Xenon-133m Submersion - - 1E·4 6E-7 - -

54 Xenon-133 Submersion - - 1E·4 5E-7 - -

54 Xenon-135m~ Submersion - - 9E-6 4E-8 - -
54 Xenon-135 Submersion - - lE-5 7E-8 - -
54 Xenon-138 Submersion - - 4E-6 2E-8 - -
55 Cesiurn-125.! 0, all compounds 5E+4 lE+5 6E-5 2E-7 - -

Stwall - - - 1E-3 1E-2
19E+4\

55 Cesium-127 0, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3
55 Cesium-129 D, all comoounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
55 Cesium-130": 0, all compounds 6E+4 2E+5 8E-5 3E-7 - -

Stwall - - - 1E-3 1E-2
I1E+5\

55 Cesium~131 Dr all com ounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
55 Cesium~132 Dr all comoounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m 0, all compounds 1E+5 1E+5 6E-5 2E-7 - -

Stwall - - - 2E-3 2E-2
11 E+51

55 Cesium-134 0, all comoounds 7E+1 1E+2 4E-B 2E-10 9E-7 9E-6
55 Cesium~135m 0, all compounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2

55 Cesium-135 0, all compounds 7E+2 1E+3 5E-7 2E-9 1E-5 1E-4
55 Cesium-136 0, all compounds 4E+2 7E+2 3E-7 9E-10 6E-6 6E-5
55 Cesium-137 0, all compounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5
55 Cesium-138'" 0, all compounds 2E+4 6E+4 2E-5 BE-8 - -

~t wa;~ - - - 4E-4 4E-3
3E+4

56 Barium-126'" Dr all compounds 6E+3 2E+4 6E-6 2E-8 BE-5 BE-4
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Table I Table II Table III

Occupational Values Effluent ConC(!;ntrations Releases to
Sewers

Radio"uclid.
CoL 1 Col. 2 Col, ;) Co/,1 Col,2 Monthly

, Oral Inhalation AverC1ge

Ingestion DAC Air Water Concen~

ALl(pCi) (pCVml) (pCVml) (~ationAll (pCi) (pCVml) IlCVmIJ
. 56 Barium-128 0, all compounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5

56 ~arium-131m" 0, all compounds 4E+5 1E+6 6E-4 2E-6 - -
~twall - - - 7E-3 7E-2
5E+51

56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
56 Barium~ 133m 0, all compounds 2E+3 9E+3 4E-6 1E-8 - -

Lli wall - - - 4E-5 4E-4
(3E+3)

56 Bariurn-133 D, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m 0, all compounds 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4
56 Barium-1394 0, all compounds 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
56 Barium-140 D, all compounds 5E+2 1E+3 6E-7 2E-9 - -

Lli wall - - - 8E-6 8E-5
. (6E+2)

56 Barium-141L. 0, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
56 Barium-142 0, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum- 0, all compounds 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3

131
2 except those given

lorW
W, oxides and - 2E+5 7E-5 2E-7 - -
hydroxides

57 Lanthanum-132 0, see -1.:il La 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
W, see '')'La - 1E+4 5E-6 2E-8 - -

57 Lanthanum-135 0, see La 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3

W,see La - 9E+4 4E-5 1E-7 - -

57 Lanthanum-137 D, see '" La 1E+4 6E+1 3E-8 - 2E-4 2E-3
- Liver - 1E-10 - -

(7E+1 )
W, see l.:il La - 3E+2 1E-7 - - -

- Liver - 4E-10 - -
13E+21

57 Lanlhanum-138 0, see La 9E+2 4E+O 1E-9 5E-12 1E-5 1E-4
W, see l.:il La - 1E+1 6E-9 2E-11 - -

57 Lanthanum-140 0, see '.:lILa 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W, see '''' La - 1E+3 5E-7 2E-9 - -
57 Lanthanum-141 0, see La 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4

W, see -j')'La - 1E+4 5E-6 2E-8 - -
57 Lanthanum~ 0, see '')'La 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3

142
2

W, see La - 3E+4 1E-5 5E-8 - -
57 Lanthanum~ OJ see 1,)1 La 4E+4 1E+5 4E-5 1E-7 - -

143
2 Siwall - - - 5E-4 5E-3

(4E+4)

W,see La - 9E+4 4E-5 1E-7 - -
58 Cerium~134 W, all compounds 5E+2 7E+2 3E-7 1E-9 - -

except those given LUwali - - - 8E-6 6E-5
lor Y (6E+2)
Y, oxides, - 7E+2 3E-7 9E-1O - -
hydroxides, and
fluorides

58 Cerium~135 W, see l..1"Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y, see '~Ce - 4E+3 1E-6 5E-9 - -

58 Cerium~137m W, see '.:>'iCe 2E+3 4E+3 2E-6 6E-9 - -
LUwall - - - 3E-5 3E-4
(2E+3l

Y, see I~Ce - 4E+3 2E-6 5E-9 - -
58 Cerium-137 W,see Ce 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

Y, see l;jllCe - 1E+5 5E-5 2E-7 - -

58 Cerium~139 W, see '.>'lCe 5E+3 8E+2 3E-7 1E-9 7E-5 7E-4

Y, see '''''"Ce - 7E+2 3E-7 9E-10 - -
58 Cerium-141 W see Ce 2E+3 7E+2 3E-7 1E-9 - -
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Table I
.

Table II Table III

Occupational..¥alues EffluentCpncentraticms Releases to
Sewers

Radionuclide Col.I Col,;> I Col, 3 Col, I Col, ;> Monthly

Oral Inhalation Average

Ingestion DAC
Air Waler Concen-

ALI (~Ci) (~CVml) lration
ALI (~CI) (~GVml) (/lCi/ml)
LLI wall - - - 3E-5 3E-4
(2E+3)

Y, see IV' Ce - 6E+2 2E-7 8E-1O - -
58 Cerium-143 W,see Ce 1E+3 2E+3 8E-7 3E-9 - -

LLI wall - - - 2E-5 2E-4
I1E+3)

Y,see Ce - 2E+3 7E-7 2E-9 - -

58 Cerium-144 W, see Ce 2E+2 3E+1 1E-8 4E-11 - -
LLI wall - - - 3E-6 3E-5
13E+2)

Y,see Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium- W, all compounds 5E+4 2E+5 1E-4 3E-7 - -

136' except those given Stwall - - - 1E-3 1E-2
lor Y 17E+4\
Y,oxides, - 2E+5 9E-5 3E-7 -
hydroxides,
carbides, and
fluorides

59 Praseodymium. W,see Pr 4E+4 2E+5 6E-5 2E-7 5E-4 5E-3
137' Y, see l~Pr - 1E+5 6E-5 2E-7 - -

59 Praseodymium- W, see l.:opr 1E+4 5E+4 2E-5 8E-8 1E-4 1E-3
138m Y,see IV<.pr - 4E+4 2E-5 6E-8 - -

59 Praseodymium- W, see Pr 4E+4 1E+5 5E-5 2E-7 6E-4 6E-3
139 Y,see'60pr - 1E+5 5E-5 2E-7 - -

59 Praseodymium- W, see 'VQPr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
142m

2
Y, see Pr - 1E+5 6E-5 2E-7 - -

59 Praseodymium. W, see 160Pr 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
142 Y, see '.:lOpr - 2E+3 8E-7 3E-9 - -

59 Praseodymium. W, see '.>opr 9E+2 8E+2 3E-7 1E-9 - -
143 LLI wall - - - 2E-5 2E-4 .

(1E+3)
Y, see '.>opr - 7E+2 3E-7 9E-10 - -

59 Praseodymium- W, see I':><pr 3E+4 1E+5 5E-5 2E-7 - -
144' Stwall - - - 6E-4 6E-3

(4E+4)
Y, see '.xlpr - 1E+5 5E-5 2E-7 - -

59 Praseodymium- W, see Pr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
145 Y, see Pr - 8E+3 3E-6 1E-8 - -

59 Praseodymium. W, see '.xlpr 5E+4 2E+5 8E-5 3E-7 - -
147' Stwall - - - 1E-3 1E-2

18E+4)

Y, see Pr - 2E+5 8E-5 3E-7 - -
60 Neodymium- W, all compounds 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3

136' except those given
lorY
Y, oxides, - 5E+4 2E-5 8E-8 - -
hydroxides,
carbides, and
fluorides

60 Neodymium- W,see '=Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
138 Y, see '~Nd - 5E+3 2E-6 7E-9 - -

60 Neodymium M W,see Nd 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
139m Y, see '=Nd - 1E+4 6E-6 2E-8 - -

60 Neodymium M W, see '=Nd 9E+4 3E+5 1E-4 5E-7 1E-3 1E-2
139' Y, see Nd - 3E+5 1E-4 4E-7 - -

60 Neodymium M W, see'=Nd 2E+5 7E+5 3E-4 1E-6 2E-3 2E-2
141 Y, see '=Nd - 6E+5 3E-4 9E-7 - -

60 Neodymium- W,see Nd 1E+3 9E+2 4E-7 1E-9 - -
147 LLI wall - - - 2E-5 2E-4

(1 E+3)
Y, see '~Nd - 8E+2 4E-7 1E-9 - -
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Table I Table 11 Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Class Cold .CO'~',:J Cold Co!. 2 MontMy
No, Average

Oral
Ingestion DAC

Air Concen~

(~CUml) lration
ALI (~c:i) (~CUrnl) (/lCi/mlj

60 Neodymiurn- W, see 1:JONd lE+4 3E+4 lE-5 4E-B lE-4 1E-3
149' Y, see l;:sQNd - 2E+4 lE-5 3E-B - -

60 Neodymium- W, see Nd 7E+4 2E+5 BE-5 3E-7 9E-4 9E-3
151' V, see Nd - 2E+5 BE-5 3E-7 - -

61 Promethium- W, all compounds 5E+4 2E+5 BE-5 3E-7 - -
141' except those given

forY
~Iwail - - - BE-4 BE-3'
6E+4)

Y,oxides, - 2E+5 7E-5 2E-7 - -
hydroxides,
carbides, and
fluorides

61 Promethium- W,see Pm 5E+3 6E+2 2E-7 BE-lO 7E-5 7E-4
143 Y,see Pm - 7E+2 3E-7 lE-9 - -

61 Promethium- W, see l~ Pm 1E+3 1E+2 5E-B 2E-l0 2E-5 2E-4
144 Y,see Pm - 1E+2 5E-B 2E-l0 - -

61 Promethium- W, see 14 Pm lE+4 2E+2 7E-B - lE-4 lE-3
145 - B?,ne s,~rf - 3E-l0 - -

2E+2

Y, see Pm - 2E+2 BE-B 3E-l0 - -
61 Promethium- W, see 14 Pm 2E+3 5E+l 2E-B 7E-ll 2E-5 2E-4

146 V, see 141Prn - 4E+l 2E-B 6E-ll - -

61 Promethium- W, see Fl Pm 4E+3 lE+2 5E-B - - -
147

ilL! W~~I B~ne ~~rf - 3E-l0 7E-5 7E-4
5E+3 2E+2

v, see l"llpm - lE+2 6E-B 2E-l0 - -
61 Promethium- W, see Pm 7E+2 3E+2 lE-7 4E-10 lE-5 1E-4

14Bm
Y, see 141prn - 3E+2 lE-7 5E-l0 - -

61 Promethium- W, see Pm 4E+2 5E+2 2E-7 BE-lO - -
14B ~~I W~~I - - - 7E-6 7E-5

5E+2
Y, see 14'Pm - 5E+2 2E-7 7E-1O - -

61 Promethium- W, see Pm lE+3 2E+3 BE-7 3E-9 - -
149 ~~I W~~I - - - 2E-5 2E-4

lE+3
Y, see 1~ Pm - 2E+3 BE-7 2E-9 - -

61 Promethium- W,see Pm 5E+3 2E+4 BE-6 3E-B 7E-5 7E-4
150 Y, see Pm - 2E+4 7E-6 2E-B - -

61 Promethium- W, see Pm 2E+3 4E+3 lE-6 5E-9 2E-5 2E-4
151 Y, see l~ Pm - 3E+3 lE-6 4E-9 - -

62 Samarium- W, all compounds 3E+4 lE+5 4E-5 lE-7 4E-4 4E-3
141m

2

62 Samarium-141~ W, all compounds 5E+4 2E+5 BE-5 2E-7 - -
61 wai~ - - - BE-4 BE-3
(6E+4

62 Samarium~142~ W, all compounds BE+3 3E+4 lE-5 4E-B lE-4 lE-3
62 Samarium-145 W, all comnounds 6E+3 5E+2 2E-7 7E-1O BE-5 BE-4
62 Samarjum~146 W, .all compounds 1E+l 4E+2 lE-ll - - -

B~ne ~~rf B~,ne ~~rf - 9E-14 3E-7 3E-6
3E+l 6E-2

62 Samarium~147 W, all compounds 2E+l 4E-2 2E-ll - - -
Bone surf B~;e surf - lE-13 4E-7 4E-6

(3E+l) 7E-2)
62 Samarium~ 151 W, all compounds lE+4 lE+2 4E-B - - -

LL! wall Bone ~~rf - 2E-l0 2E-4 2E-3
11 E+4\ 12E+2

62 Samarium~153 W, all compounds 2E+3 3E+3 lE-6 4E-9 - -

7}IWall - - - 3E-5 3E-4
2E+3)

62 -",- W, all comoounds 6E+4 2E+5 9E-5 3E-7 - -
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Table I Table II Table III

Occupatl9nal \lalues Effluent Concentrations Releases to
Sewers

Atomic .. Class Col. 1 col. 2 ••. I CoI.~ Col. 1 Col. 2 Monthly
No.

Oral Inhalall9n AV(Jrage

Ingesll91) DAC
Water C()ncen~

ALI (pCI) (pCI) (pCVml)
(pCVml) ,trtion

CVm/J
Stwell - - - 1E-3 1E-2
18E+41

62 Samarium~156 W, all compounds 5E+3 9E+3 4E-6 1E-8 7E-5 7E-4
63 Eurooium-145 W, all compounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
63 Europiurn-146 W, all compounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
63 Europium-147 W, all compounds 3E+3 2E+3 7E-7 2E-9 4E-5 4E-4
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 5E-10 1E-5 1E-4
63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 1E-8 4E-5 4E-4

112.62 h)
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4

(34.2 v)
63 Europium-152m W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Europium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E-4
63 Europium~ 154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+1 4E-8 - 5E-5 5E-4

- Bone surf - 2E-10 - -
l1E+21

63 Europium-156 W, all compounds 6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
63 Europium-157 W, all compounds 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
63 Europiurn-158£ W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64 Gadolinium- D, all compounds 5E+4 2E+5 6E-5 2E-7 - -

145' except those given Stwall - - - 6E-4 6E-3
forW (5E+4)
W, oxides, - 2E+5 7E-5 2E-7 - -
hydroxides, and
fluorides

64 Gadolinium-146 0, see Gd 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4

W,see Gd - 3E+2 1E-7 4E-10 - -
64 Gadolinium-147 D, see "'Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4

W, see ,. Gd - 4E+3 1E-6 5E-9 - -
64 Gadolinium-148 D,see Gd 1E+1 8E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 3E-7 3E-6
(2E+1) (2E+2)

W, see" Gd - 3E-2 1E-11 - - -
- Bone surf - 8E-14 - -

(6E-21
64 Gadolinium-149 D, see '''Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4

W, see '"'Gd - 2E+3 1E-6 3E-9 - -
64 Gadolinium M 151 D, see Gd 6E+3 4E+2 2E-7 - 9E-5 9E-4

- Bone surf - 9E-10 - -
16E+21

W, see '"'Gd - 1E+3 5E-7 2E-9 - -
64 Gadolinium M 152 D,see Gd 2E+1 1E-2 4E-12 - - -

Bone surf Bone surf - 3E-14 4E-7 4E-6
(3E+1) (2E-2\

W, see '"'Gd - 4E-2 2E-11 - - -
- Bone surf - 1E-13 - -

(8E-21
64 Gadolinium-153 D, see '''Gd 5E+3 1E+2 6E-8 - 6E-5 6E-4

- Bone surf - 3E-10 - -
12E+2)

W,see ,q'Gd - 6E+2 2E-7 8E-10 - -
64 Gadolinium-159 D, see '"'Gd 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4

W,see Gd - 6E+3 2E-6 8E-9 - -

65 Terbium-147L W, all compounds 9E+3 3E+4 1E-5 5E-8 1E-4 1E-3
65 Terbium-149 W, all compounds 5E+3 7E+2 3E-7 1E-9 7E-5 7E-4
65 Terbium-150 W, all compounds 5E+3 2E+4 9E-6 3E-8 7E-5 7E-4
65 Terbium-151 W, all comoounds 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4
65 Terbium M 153 W, all comoounds 5E+3 7E+3 3E-6 1E-8 7E-5 7E-4
65 Terbium M 154 W, all comoounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium M 155 W, all compounds 6E+3 BE+3 3E-6 1E-8 8E-5 8E-4
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Table I Table II
Table III

Oc;cupalional Values Effluent Concentrations Releaseslo
. Sewers

Col.I Col. 2 Col. 3 ColA Col. 2 Monthly

Oral Inhalation Ayerage

Ingestion DAC
Waler Concen-

ALI (pCi) (pCUml) (yetionALI (pCi) (pCUml) pCVm/J
65 Terbium·156m W, all compounds 2E+4 3E+4 lE-5 4E-6 2E-4 2E-3

(5.0 h)
65 Terbium-156m W, all compounds 7E+3 8E+3 3E-6' lE-8 lE-4 lE-3

(24.4 hl
65 Terbium-156 W, all compounds lE+3 lE+3 6E-7 2E-9 lE-5 lE-4
65 Terbium-157 W, all compounds 5E+4 3E+2 lE-7 - - -

LLI wall Bone surf - 8E-l0 7E-4 7E-3
(5E+41 (6E+21

65 Terbium-158 W, all comoounds lE+3 2E+l 8E-9 3E-l1 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-8 3E-l0 lE-5 lE-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7E-7 2E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3)

66 Dysprosium- W, all compounds 9E+3 3E+4 lE-5 4E-8 lE-4 lE-3
155

66 Dysprosium- W, all compounds 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
157

66 Dysprosium- W, all compounds lE+4 2E+3 lE-6 3E-9 2E-4 2E-3
159

66 Dysprosium- W, all compounds lE+4 5E+4 2E-5 6E-8 2E-4 2E-3
165

66 Dysprosium- W, all compounds 6E+2 7E+2 3E-7 lE-9 - -
166 LLI wall - - - lE-5 lE-4

(8E+2)
67 Holmium-155'" W, all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmium-157 W, all compounds 3E+5 lE+6 6E-4 2E-6 4E-3 4E-2
67 Holmium-159' W, all compounds 2E+5 lE+6 4E-4 lE-6 3E-3 3E-2
67 Holmium-161 W, all compounds lE+5 4E+5 2E-4 . 6E-7 1E-3 lE-2
67 Holmium- W, all compounds 5E+4 3E+5 1E-4 4E-7 7E-4 7E-3

162m
2

67 Hoimium-162' W, all compounds 5E+5 2E+6 lE-3 3E-6 - -
Slwall - - - lE-2 1E-l
(8E+51

67 Holmium- W, all compounds 1E+5 3E+5 lE-4 4E-7 lE-3 lE-2
164m

2

67 Holmium-164 W, all compounds 2E+5 6E+5 3E-4 9E-7 - -
Slwail - - - 3E-3 3E-2
12E+51

67 Holmium w 166m W, all compounds 6E+2 7E+0 3E-9 9E-12 9E-6 9E-5
67 Holmium-166 W, all compounds 9E+2 2E+3 7E-7 ·2E-9 - -

LLI wall - - - lE-5 lE-4
(9E+21

67 Holmium-167 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all comoounds 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-165 W, all comoounds 6E+4 2E+5 8E-5 3E-7 9E-4 9E-3
68 Erbium-169 W, all compounds 3E+3 3E+3 lE-6 4E-9 - -

LLI wall - - - 5E-5 5E-4
(4E+3)

68 Erbium-171 W, all compounds 4E+3 lE+4 4E-6 lE-8 5E-5 5E-4
68 Erbium-172 W, all compounds lE+3 lE+3 6E-7 2E-9 - -

LLI wall - - - 2E-5 2E-4
(lE+3)

69 Thulium-162< W, all compounds 7E+4 3E+5 lE-4 4E-7 - -
Slwall - - - lE-3 lE-2
(7E+41

69 Thuiium-166 W, all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4
69 Thuiium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3)

69 Thuiium-170 W, all compounds 8E+2 2E+2 9E-8 .3E-l0 - -
LLI wall - - - lE-5 lE-4
11 E+3)

69 Thuiium-171 W all compounds lE+4 3E+2 lE-7 - - -
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Table I Table II Table III

Qccupational Values Effluent Concentrations Releases to
Sewers

7klIT Co/.2 I Col. ;) Col. 1 Col. 2 MW'fhly

Oral Inhalalion AYf?fJlf/e

Ingestion DAC
Waler COl)cen~

ALI(~Ci) ,..""-,, (~CU01I) ~r8tion
AU (~Ci) (~GU01I) .(uCilmll

~~I wall Bone surf - 8E-10 2E·4 2E-3
1E+4) (6E+2)

69 Thulium-i72 W, all compounds 7E+2 1E+3 5E-7 2E-9 - -
LUwall - - - 1E-5 1E-4
(8E+2)

69 Thulium-173 W, all comoounds 4E+3 1E+4 5E·6 2E-8 6E-5 6E-4
69 Thulium-175' W, all compounds 7E+4 3E+5 1E-4 4E-7 - -

SIW~~ - - - 1E-3 1E-2
r9E+4

70 Yllerbium-162< W, all compounds 7E+4 3E+5 1E-4 4E-7 1E-3 1E-2
except those given
lorY
Y, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides, and
fluorides

70 Yllerbium-166 W, see Yb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
Y. see !b<Yb - 2E+3 8E-7 3E-9 - -

70 Yllerbium-167' W, see !O'Yb 3E+5 8E+5 3E-4 1E-6 4E-3 4E-2

Y, see "Yb - 7E+5 3E-4 1E-6 - -
70 Yllerbium-169 W, see Yb 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4

Y, see lbZYD - 7E+2 3E-7 1E-9 - -
70 Yllerbium-175 W, see ,o'Yb 3E+3 4E+3 1E-6 5E-9 - -

~iIW~:1 - - - 4E-5 4E-4
3E+3

Y, see !o<Yb - 3E+3 1E-6 5E-9 - -

70 Yllerbium-177' W, see w'Yb 2E+4 5E+4 2E-5 7E-8 2E-4 2E-3

V, see Yb - 5E+4 2E-5 6E-8 - -
70 Yllerbium-178' W, see !b<Yb 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

Y, see !o<Yb - 4E+4 2E-5 5E-8 - -
71 Lutetium~ 169 W, all compounds 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4

except those given
lorY
Y, oxides, - 4E+3 2E-6 6E-9 - -
hydroxides, and
fluorides

71 Lulelium-170 W, see lb'::lLu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4

Y, see O"Lu - 2E+3 8E-7 3E-9 - -

71 Luletium-171 W,see Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4
Y, see lb'::lLu - 2E+3 8E-7 3E-9 - -

71 Lutetium-172 W,see lWLu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4

Y, see o~Lu - 1E+3 5E-7 2E-9 - -
71 Lulelium-173 W, see Lu 5E+3 3E+2 1E-7 - 7E-5 7E-4

- Bone surf - 6E-10 - -
(5E+2)

Y, see Lu - 3E+2 1E-7 4E-10 - -
71 Lutetium-174m W, see Lu 2E+3 2E+2 1E-7 - - -

7;1 wall Bone s,~rf - 5E-10 4E-5 4E-4
3E+3) (3E+2

Y,see Lu - 2E+2 9E-8 3E-10 - -
71 Luletium~ 174 W,see Lu 5E+3 1E+2 5E-8 - 7E-5 7E-4

- B~ne s,~rf - 3E-10 - -
2E+2

Y,see Lu - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, see lb9Lu 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3

V, see lb':lLu - 2E+4 9E-6 3E-8 - -
71 Lutetium-176 W, see I~Lu 7E+2 5E+0 2E-9 - 1E-5 1E-4

- Bone ~~rf - 2E-11 - -
(1E+1

Y, see H)'ofLu - 8E+0 3E-9 1E-11 - -
71 Lutetium-177m W,see Lu 7E+2 1E+2 5E-8 - 1E-5 1E-4

- B?,ne surf - 2E-10 - -
1E+2)
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Co/.1 Col. 2< I Col. 3 Col. 1 Col. 2 M9nthly

Oral Inhalation llVarage
Air ..

Waler 9()ncei1~Ingestion
ALI(~CI)

DAC
(~CVml) (~CVml) !J'!tiO~/)ALI (~Cj) (~CVmj) CVml

Y, see -10: Lu - BE+1 3E-8 1E-10 - -
71 Lutetium-177 W,sae Lu 2E+3 2E+3 9E-7 3E-9 - -

LLI W~~I - - - 4E-5 4E-4
(3E+3

Y, see Lu - 2E+3 9E-7 3E-9 - -
71 Lutetium-178mT W, see lb'YLu 5E+4 2E+5 BE-5 3E-7 - -

St.wall - - - BE-4 BE-3
(6E+4)

V,see Lu - 2E+5 7E-5 2E-7 - -

71 Luletium-178' W, see lb':lLu 4E+4 1E+5 5E-5 2E-7 - -

Sl wai~ - - - 6E-4 6E-3
(4E+4

Y,see Lu - 1E+5 5E-5 2E-7 - -
71 .Lutetium-179 W, see lb:lLu 6E+3 2E+4 8E-6 3E-8 9E-5 9E-4

Y, see ltJ'::ILu - 2E+4 6E-6 3E-8 - -
72 Hafnium-170 D, all compounds 3E+3 6E+3 2E-6 BE-9 4E-5 4E-4

except those given
forW
W, oxides, - 5E+3 2E-6 6E-9 - -
hydroxides,
carbides, and
nitrates

72 Hafnium-172 D, see 1IuHf 1E+3 9E+O 4E-9 - 2E-5 2E-4
- B~ne surf - 3E-11 - -

2E+1)

W,sae Hf - 4E+1 2E-8 - - -
- B?,ne ~~rf - BE-11 - -

6E+1
72 Hafnium-173 D, see '"Hf 5E+3 1E+4 5E-6 2E-B 7E-5 7E-4

W,see Hf - 1E+4 5E-6 2E-B - -

72 Hafnium-175 D,see ,uHf 3E+3 9E+2 4E-7 - 4E-5 4E-4
- B~ne surf - 1E-9 - -

1E+3)

W,s8e Hf - 1E+3 5E-7 2E-9 - -
72 Hafnium-177m2 -- D, see ,uHf 2E+4 6E+4 2E-5 BE-8 3E-4 3E-3

W, see 1IuHf - 9E+4 4E-5 1E-7 - -
72 Hafnium-178m 0, see Hf 3E+2 1E+O 5E-1O - 3E-6 3E-5

- Bone ~~rf - 3E-12 - -
(2E+O

W, see '"Hf - 5E+O 2E-9 - - -
- B~ne s)~rf - 1E-11 - -

9E+O
72 Hafnium-179m D,see ,uHf 1E+3 3E+2 1E-7 - 1E-5 1E-4

- Bone surf - BE-lO - -
(6E+2\

W,sae ,uHf - 6E+2 3E-7 8E-1O - -
72 Hafnium-180m D, see ,uHf 7E+3 2E+4 9E-6 3E-B 1E-4 1E-3

W, see ,uHf - 3E+4 1E-5 4E-8 - -
72 Hafnium-181 D, see Hf 1E+3 2E+2 7E-B - 2E-5 2E-4

- B~ne surf - 6E-10 - -
4E+2)

W,sae ,uHf - 4E+2 2E-7 6E-10 - -

72 Hafnium-182m<:: D,see Hf 4E+4 9E+4 4E-5 1E-7 5E-4 5E-3

W,see ,uHf - 1E+5 6E-5 2E-7 - -
72 Hafnium-182 D, see ,uHf 2E+2 BE-1 3E-10 - - -

Bone surf Bone ~~rf - 2E-12 5E-6 5E-5
(4E+2\ (2E+O

W,sae ,uHf - 3E+O 1E-9 - - -
- Bone surf - 1E-11 - -

17E+O\
72 Hafnium-1B3' D, see 1IuHf 2E+4 5E+4 2E-5 6E-8 3E-4 3E-3

W, see ,uHf - 6E+4 2E-5 BE-B - -
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Table I Table II Table III

Occupational Values Effluent.Concentrations ReleaS8Sl0
SewersI Col.I Col. 2> I Col. 3 Col. I Col. 2 MonthlyRadionuclide

Inhalation Average
Oral

Ingestion DAC
Air Concen-

(~CVml) tration
ALI (~Ci) (~CVml) (pCi/mV

72 Hafnium-184 D, see "VHf 2E+3 8E+3 3E-6 1E-8 3E-S 3E-4

W,see HI - 6E+3 3E-6 9E-9 - -
73 Tantalum-172~ W, all compounds 4E+4 1E+S SE-S 2E-7 SE·4 SE-3

except those given
for Y
Y, elemental Ta, - 1E+S 4E-S 1E-7 - -
oxides, hydroxides,
halides, carbides,
nitrates, and
nitrides

73 Tantalum-173 W, see 1 (LTa 7E+3 2E+4 8E-6 3E-8 9E-S 9E·4
Y, see I'Ta - 2E+4 7E·6 2E-8 - -

73 Tantalum-1744 W, see ""Ta 3E+4 1E+S 4E-S 1E-7 4E-4 4E-3
Y, see If'''Ta - 9E+4 4E-S 1E-7 - -

73 Tantalum-175 W, see IUTa 6E+3 2E+4 7E·6 2E-8 8E-S 8E·4
Y, see "la - 1E+4 6E-6 '2E-8 - -

73 Tantalum-176 W,see Ta 4E+3 1E+4 SE-6 2E-8 SE-S SE·4
Y, see (LTa - 1E+4 SE-6 2E-8 - -

73 Tantalum-177 W, see If£Ta 1E+4 2E+4 8E·6 3E-8 2E·4 2E-3

Y, see Ta - 2E+4 7E·6 2E-8 - -
73 Tantalum-176 W, see Ta 2E+4 9E+4 4E-S 1E-7 2E-4 2E-3

Y, see II"Ta - 7E+4 3E-S 1E-7 - -
73 Tantalum-179 W,see ""Ta 2E+4 SE+3 2E·6 6E-9 3E-4 3E-3

Y, see Ta - 9E+2 4E-7 1E-9 - -
73 Tantalum·180m W, see (LTa 2E+4 7E+4 3E-S 9E-6 3E-4 3E-3

Y, see ""'Ta - 6E+4 2E-S 8E-8 - -

73 Tantalum-180 W, see ''''Ta 1E+3 4E+2 2E-7 6E-10 2E-S 2E-4

Y,see Ta - 2E+1 1E-8 3E-11 - -
73 Tantalum- W, see .ILTa 2E+S SE+S 2E-4 8E-7 - -

182m
2 Stwail - - - 3E-3 3E-2

(2E+S)

Y, see Ta - 4E+S 2E·4 6E-7 - -
73 Tantalum-182 W,see ILIa 8E+2 3E+2 1E-7 SE-1O 1E-S 1E-4

Y, see ""Ta - 1E+2 6E·8 2E-10 - -
73 Tantalum-183 W,see Ta 9E+2 1E+3 SE-7 2E-9 - -

LLI wail - - - 2E-S 2E·4
(1 E+3)

Y, see ""Ta - 1E+3 4E-7 1E-9 - -
73 Tantalum-184 W,see Ta 2E+3 SE+3 2E-6 8E-9 3E-S 3E-4

Y, see lfLTa - SE+3 2E-6 7E-9 - -
73 Tantalum-18S

4 W, see IILTa 3E+4 7E+4 3E-S 1E-7 4E-4 4E-3

Y, see "'Ta - 6E+4 3E-S 9E-8 - -

73 Tantalum-186 W,see Ta SE+4 2E+S 1E-4 3E-7 - -
Stwall - - - 1E-3 1E-2
(7E+4)

Y, see ''''Ta - 2E+S 9E-S 3E-7 - -

74 Tunosten-176 D, all comoounds 1E+4 SE+4 2E-S 7E-8 1E-4 1E-3
74 Tunasten~177 D, all compounds 2E+4 9E+4 4E-S 1E-7 3E-4 3E-3
74 Tunasten-178 D, all comoounds SE+3 2E+4 8E-6 3E-8 7E-S 7E-4
74 Tungsten-179

4 D, all compounds SE+S 2E+6 7E·4 2E-6 7E-3 7E-2
74 Tungslen-181 D, all compounds 2E+4 3E+4 1E-S SE-8 2E-4 2E-3
74 Tungslen-18S D, all compounds 2E+3 7E+3 3E-6 9E-9 - -

LLI wall - - - 4E-S 4E-4
t3E+3)

74 Tungsten-187 D, all compounds 2E+3 9E+3 4E-6 1E-8 3E-S 3E-4
74 Tungsten-188 D, all compounds 4E+2 1E+3 SE-7 2E-9 - -

LLi wall - - - 7E·6 7E-5
(SE+2)

7S Rhenium~177L. D, all compounds 9E+4 3E+S 1E-4 4E-7 - -
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Table I Table II .. Table III
Releases toOCCuPtitiorialValues Effluent Concentrations Sewers

Atomic , . Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Waler Concen~

All (~Gi) (~CUml) (~Guml) (t~tionAU (~CI) (~CUml) CifmlJ
except those given Siwall - - - 2E-3 2E-2
forW (1E+S)
W, oxides, - 4E+S 1E-4 SE-7 - -
hydroxides, and
nitrates

7S Rhenium-178 0, see Re 7E+4 3E+S 1E-4 4E-7 - -
Stwall - - - 1E-3 1E-2
(1E+S)

W, see "'Re - 3E+S 1E-4 4E-7 - -

7S Rhenium-181 0, see Re SE+3 9E+3 4E-6 1E-8 7E-S 7E-4

W, see 'f'Re - 9E+3 4E-6 1E-8 - -
7S Rhenium-182 0, see IfRe 7E+3 1E+4 SE-6 2E-8 9E-S 9E-4

(12.7 h) W,see Re - 2E+4 6E-6 2E-8 - -
7S Rhenium-182 D,see Re 1E+3 2E+3 1E-6 3E-9 2E-S 2E-4

(64.0 h) W, see Ifl Re - 2E+3 9E-7 3E-9 - -

7S Rhenium-184m D,see Re 2E+3 3E+3 1E-6 4E-9 3E-S 3E-4

W,see Re - 4E+2 2E-7 6E-10 - -
7S Rhenium-184 0, see Re 2E+3 4E+3 1E-6 SE-9 3E-S 3E-4

W, see "'Re - 1E+3 6E-7 2E-9 - -
7S Rhenium-186m Of see Re 1E+3 2E+3 7E-7 - - -

Siwall Stwall - 3E-9 2E-S 2E-4
(2E+3) (2E+3)

W,see Re - 2E+2 6E-8 2E-10 - -
7S Rhenium-186 D,scs Re 2E+3 3E+3 1E-6 4E-9 3E-S 3E-4

W, see HIRe - 2E+3 7E-7 2E-9 - -

7S Rhenium-187 0, see 1/, Re 6E+S 8E+S 4E-4 - 8E-3 8E-2
- Stwall - 1E-6 - -

(9E+Sl

W,see Re - 1E+S 4E-S 1E-7 - -
7S Rhenium- 0, see Re 8E+4 1E+S 6E-S 2E-7 1E-3 1E-2

188m' W, see Re - 1E+S 6E-S 2E-7 - -
7S Rhenium-188 0, see Re 2E+3 3E+3 1E-6 4E-9 2E-S 2E-4

W, see Re - 3E+3 1E-6 4E-9 - -
7S Rhenium-189 Of see II, Re 3E+3 SE+3 2E-6 7E-9 4E-S 4E-4

W,see Re - 4E+3 2E-6 6E-9 - -
76 Osmium-180l: 0, all compounds 1E+S 4E+S 2E-4 SE-7 1E-3 1E-2

except those given
forW and Y
W, halides and - SE+S 2E-4 7E-7 - -
nitrates
Y, oxides and - SE+S 2E-4 6E,7 - -
hydroxides

76 Osmium-181" 0, see ,0\ Os 1E+4 4E+4 2E-S 6E-8 2E-4 2E-3

W, see Os - SE+4 2E-S . 6E-8 - -

Y, see 1OUOS - 4E+4 2E-S 6E-8 - -
76 Osmium·182 0, see IOVOS 2E+3 6E+3 2E-6 8E-9 3E-S 3E-4

W,see Os - 4E+3 2E-6 6E-9 - -
Y, see lOVOS - 4E+3 2E-6 6E-9 - -

76 Osmium-185 D, see IOVOS 2E+3 SE+2 2E-7 7E-10 3E-S 3E-4
W, see ,0\ Os - 8E+2 3E-7 1E-9 - -
Y,see Os - 8E+2 3E-7 1E-9 - -

76 Osmium-189m D, see -,OVOS 8E+4 2E+S 1E-4 3E-7 1E-3 1E-2
W,see ,ouOs - 2E+S 9E-S 3E-7 - -
Y,see Os - 2E+S 7E-S 2E-7 - -

76 Osmium-191m D, see lOVOS 1E+4 3E+4 1E-S 4E-8 2E-4 2E-3

W, see IOVOS - 2E+4 8E-6 3E-8 - -
Y, see <>VOs - 2E+4 7E-6 2E-8 - -

76 Osmium·191 0, see Os 2E+3 2E+3 9E-7 3E-9 - -
LLI wall - - - 3E-S 3E-4
(3E+3)
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Table I rableH
rablelll

O~upalionalValues Effluent Concentrations Releases to
Sewers

Atornic
•••••••

Class Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monlh/y
No. .

Oral Inhalation Average

Ingestion PAC
Air Water Col1cen~

ALI (~CI)
ALI (~Ci)

(~Ci/ml)
(~Ci/ml) (~Ci/ml) (~~~tionCVmlj

W, see H:RJOS - 2E+3 7E-7 2E-9 - -
Y, see Os - lE+3 6E-7 2E-9 - -

76 Osmium·193 D, see 10005 2E+3 5E+3 2E-6 6E-9 - -
LLI wall - - - 2E-5 2E-4
12E+3\

W, see 10005 - 3E+3 1E-6 4E-9 - -
Y, see ltsl.lOS - 3E+3 1E-6 4E-9 - -

76 Osmium~194 D, see ltROS 4E+2 4E+1 2E-8 6E-1l - -
~~Iwall - - - 8E-6 8E-5
6E+2)

W, see tWOs - 6E+1 2E·8 8E-l1 - .
Y, see 1tROS - 8E+O 3E-9 1E-l1 - -

77 Iridium-182;! D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
except those given ~t wai~ - - . 6E-4 6E-3
forW and Y 4E+4
W, halides, - 2E+5 6E-5 2E-7 - -
nitrates, and
metallic iridium
Y, oxides and - 1E+5 5E-5 2E-7 - -
hvdroxides

77 Iridium-184 0, see Ir 8E+3 2E+4 lE-5 3E'8 lE-4 1E-3
W, see ltrLlr - 3E+4 lE-5 5E-8 - -
Y, see ltlLlr - 3E+4 1E-5 4E-8 - -

77 Iridium-185 0, see IOLlr 5E+3 lE+4 5E-6 2E-8 7E-5 7E-4

W, see Ir - lE+4 5E-6 2E-8 - -
Y, see ll.fLlr - 1E+4 4E-6 1E-8 - -

77 Iridium-186 0, see HUlr 2E+3 8E+3 3E-6 1E-8 3E-5 3E·4

W,see Ir - 6E+3 3E-6 9E-9 - -
Y, see HfL!r - 6E+3 2E-6 8E-9 - -

77 Iridium-187 0, see lt1<!lr 1E+4 3E+4 1E-5 5E-8 .1E-4 1E-3
W, see -lo""lr - 3E+4 1E-5 4E·8 - -

Y, see Ir - 3E+4 1E-5 4E-8 - -

77 Iridium-188 D, see HfLlr 2E+3 5E+3 2E·6 6E-9 3E-5 3E·4
W, see WLlr - 4E+3 1E·6 5E-9 - -
Y, see Ir - 3E+3 1E·6 5E-9 - -

77 Iridium-189 0, see Ir 5E+3 5E+3 2E·6 7E-9 - -
LLI wall - - - 7E-5 7E·4
(5E+3)

W,see Ir - 4E+3 2E·6 5E-9 - -
Y, see ltrl1r - 4E+3 lE·6 5E-9 - -

77 Iridium-190mL D, see ltlLlr 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
W, see ltUlr - 2E+5 9E-5 3E-7 - -
Y,see Ir - 2E+5 8E-5 3E-7 - -

77 Iridium-190 D, see ltfllr 1E+3 9E+2 4E-7 1E-9 lE-5 1E-4
Wrsee HUlr - lE+3 4E-7 1E-9 - -

Y, see IO..!lr - 9E+2 4E-7 1E-9 - -

77 Iridjum~192m D, see Ir 3E+3 9E+1 4E-8 1E,10 4E-5 4E-4
W, see ltfL lr - 2E+2 9E-8 3E-10 - -
Y, see lO..!lr - 2E+1 6E-9 2E-11 - -

77 Iridium~192 D, see Ir 9E+2 3E+2 1E·7 4E-10 1E-5 1E-4
W, see ltfLlr - 4E+2 2E-7 6E-10 - -

Y, see ltUlr - 2E+2 9E-8 3E-10 - -

77 Iridium-194m Dr see Ir 6E+2 9E+1 4E-8 1E-10 9E-6 9E-5
W, see ltrL lr - 2E+2 7E-8 2E-10 - -
Y, see ltfLlr - 1E+2 4E-8 1E-10 - -

77 Iridium~194 D, see "Ir 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4

W,see Ir - 2E+3 9E-7 3E-9 - -
Y, see 1lUIr - 2E+3 8E-7 3E-9 - -

77 Iridium~195m D, see ltUlr 8E+3 2E+4 lE-5 3E-8 1E-4 1E-3
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Table I Table II Table 111

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Col.I Col. 21 • Co/.3 Col. 1 Col. 2 Monthly
No.

Oral Inhalalion AV13raf/8
Inge.lion I. DAC

.. Water C.Of}C(J(J-
(~Cifml) ,~rtionALlWCi) (~Cifml) ..... CI/mil

W, see Ir - 3E+4 1E-5 4E-8 - -
Y, see ltlLlr - 2E+4 9E-8 3E-8 - -

77 Iridium-i95 0, see IO'lr 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W,see Ir - 5E+4 2E-5 7E-8 - -
Y, see l/jL1r - 4E+4 2E-5 6E-8 - -

78 Plalinum-186 D, all compounds 1E+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum-i88 0, all comnounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Plalinum-189 D, all compounds 1E+4 3E+4 1E-5 4E-8 1E-4 1E-3
78 Plalinum-191 0, all com Dunds 4E+3 8E+3 4E-6 1E-8 5E-5 5E-4
78 Platinum-193m 0, all compounds 3E+3 6E+3 3E-6 8E-9 - -

LLI wall - - - 4E-5 4E-4
(3E+4\

78 Plalinum-193 D, all compounds 4E+4 2E+4 1E-5 3E-8 - -
LLI wall - - - 6E-4 6E-3
(5E+4)

78 Platinum-195m D, all compounds 2E+3 4E+3 2E-6 6E-9 - -
~il W~~I - - - 3E-5 3E-4
2E+3

78 Platinum- 0, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
197m

2

78 Plalinum-197 0, all comDaunds 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
78 Plalinum-199' D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

78 Platinum-20D D, all comnounds 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
79 Gold-193 0, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3

except those given
forWand Y
W, halides and - 2E+4 9E-6 3E-8 - -
nitrates
Y, oxides and - 2E+4 8E-6 3E-8 - -
hYdroxides

79 Gold-194 D, see w,jAu 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see Itl,)Au - 5E+3 2E-6 8E-9 - -

Y,see Au - 5E+3 2E-6 7E-9 - -
79 Goid-195 0, see l\:1;;lAu 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4

W, see n'.J'Au - 1E+3 6E-7 2E-9 - -

Y,see "'Au - 4E+2 2E-7 6E-10 - -
79 Goid-198m D, see Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4

W,see l~;jAu - 1E+3 5E-7 2E-9 - -
Y, see Hf;jAu - 1E+3 5E-7 2E-9 - -

79 Gold-198 D, see Au 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4

W, see 1!:f,jAu - 2E+3 8E-7 3E-9 - -
Y, see ltl,)Au - 2E+3 7E-7 2E-9 - -

79 Gold-199 0, see 'tl,)Au 3E+3 9E+3 4E-6 1E-8 - -
LLI W~~I - - - 4E-5 4E-4
(3E+3

W,see l~Au - 4E+3 2E-6 6E-9 - -

Y, see "Au - 4E+3 2E-6 5E-9 - -
79 Gold-200m D, see Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4

W, see HMAu - 3E+3 1E-6 4E-9 - -
Y, see '1;I~Au - 2E+4 1E-6 3E-9 - -

79 Gold-200 0, see Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3

W,see Au - 6E+4 3E-5 1E-7 - -

Y, see 11;l~Au - 7E+4 3E-5 1E-7 - -
79 Gold-201' 0, see "'Au 7E+4 2E+5 9E-5 3E-7 - -

Stwail - - - 1E-3 1E-2
(9E+4)

W,see '~Au - 2E+5 1E-4 3E-7 - -
Y,see Au - 2E+5 9E-5 3E-7 - -

80 Mercury-193m VaDor - 8E+3 4E-6 1E-8 - -
Organic 0 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

CoLI Col. 2 I • Col. 3 Col. 1 Col. 2 MOIl/nly

••• Oral Inhalation
Air.

A1I~ra9~

Ingestiofl PAC
Water G<>J1c;en~

ALI (~Ci) (~Ci!ml) iralion
ALI (~Ci) (~Ci!ml) ....

(I1CVml)
D, sulfates 3E+3 9E+3 4E-6 lE-8 4E-S 4E-4
W, oxides, - 8E+3 3E-6 1E-8 - -
hydroxides,
halides, nitrates,
and sulfides

80 Mercury-193 VaDor - 3E+4 1E-S 4E-8 - -
Organic 0 2E+4 6E+4 3E-S 9E-8 3E-4 3E-3
D, see Hg 2E+4 4E+4 2E-S· 6E-8 2E-4 2E-3
W, see "~"Hg - 4E+4 2E-S 6E-8 - -

80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
Organic 0 2E+1 3E+1 1E-8 4E-11 2E-7 2E-6
D, see ..~, Hg 8E+2 4E+1 2E-8 6E-11 1E-S 1E-4
W,see '~HQ - 1E+2 SE-8 2E-10 - -

80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - -
OrQanic 0 3E+3 6E+3 3E-6 8E-9 4E-S 4E-4
0, see '''~IIHg 2E+3 SE+3 2E-6 7E-9 3E-S 3E-4

W,see HQ - 4E+3 2E-6 SE-9 - -
80 Mercury-19S Vapor - 3E+4 1E-S 4E-8 - -

Organic 0 2E+4 SE+4 2E-S 6E-8 2E-4 2E-3
D, see "~"Hg 1E+4 4E+4 1E-S SE-8 2E-4 2E-3

W,see '~"Hg - 3E+4 1E-S SE-8 - -
80 Mercury-197m Vapor - SE+3 2E-6 7E-9 - -

Organic 0 4E+3 9E+3 4E-6 1E-8 SE-S SE-4
D, see Hg 3E+3 7E+3 3E-6 1E-8 4E-S 4E-4

W,see "=Hg - SE+3 2E-6 7E-9 - -
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -

Organic 0 7E+3 1E+4 6E-6 2E-8 9E-S 9E-4
0, see '~"Hg 6E+3 1E+4 SE-6 2E-8 8E-S 8E-4

W,see Hg - 9E+3 4E-6 1E-8 - -
80 Mercury-199m' Vapor - 8E+4 3E-S 1E-7 - -

Organic 0 6E+4 2E+S 7E-S 2E-7 - -
Stwall - - - 1E-3 lE-2
(1E+5)

D, see '"=HQ 6E+4 1E+S 6E-S 2E-7 8E-4 8E-3
W,see '~"Ho - 2E+S 7E-S 2E-7 - -

80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Organic 0 SE+2 8E+2 3E-7 1E-9 7E-6 7E-S
0, see Hg 2E+3 1E+3 SE-7 2E-9 3E-S 3E-4

W,see '~Hg - 1E+3 5E-7 2E-9 - -
81 Thallium-194m' 0, all compounds SE+4 2E+S 6E-S 2E-7 - -

Slwall - - - 1E-3 1E-2
t7E+41

81 Thallium-194' D, all compounds 3E+S 6E+S 2E-4 8E-7 - -
Slwall - - - 4E-3 4E-2
t3E+S)

81 Thallium-19S 0, all compounds 6E+4 lE+S SE-S 2E-7 9E-4 9E-3
81 Thallium-197 0, all compounds 7E+4 lE+5 5E-S 2E-7 1E-3 1E-2
81 Thallium-198m' 0, all compounds 3E+4 SE+4 2E-5 8E-8 4E-4 4E-3
81 Thallium-198 D, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
81 Thallium-199 Of all compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3
81 Thallium-200 0, all comoounds 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
81 Thallium-201 0, all comoQunds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thallium-202 D, all comoounds 4E+3 SE+3 2E-6 7E-9 5E-S SE-4
81 Thallium-204 0, all comoounds 2E+3 2E+3 9E-7 3E-9 2E-S 2E-4
82 Lead-19Sm D, all compounds 6E+4 2E+S 8E-5 3E-7 8E-4 8E-3
82 Lead-198 D, all compounds 3E+4 8E+4 3E-S 9E-8 4E-4 4E-3
82 Lead-199' 0, all compounds 2E+4 7E+4 3E-S lE-7 3E-4 3E-3
82 Lead-200 Dr all comoounds 3E+3 8E+3 3E-6 9E-9 4E-S 4E-4
82 Lead-201 Dr all compounds 7E+3 2E+4 8E-6 3E.8 1E-4 1E-3
82 Lead-202m 0, all comoounds 9E+3 3E+4 1E-S 4E-8 1E-4 1E-3
82 Lead-202 o all compounds 1E+2 SE+1 2E-8 7E-11 2E-6 2E-S
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Table I Table"
Table 111

Occupational Values Effluent Concentrations Release$ to
Sewers

CoI.f Col. 2 I Col. $ Col. 1 Col. 2 Monthly

Oral Inhalation Average

Ingestion DAC
Air Water Concen~

(~CUml) (~CUml) iration
ALI (~Ci) (~CUml) (uCVmIJ

82 Lead-203 0, all compounds 5E+3 9E+3 4E·6 1E-8 7E-5 7E-4
82 Lead-205 0, all compounds 4E+3 1E+3 6E-7 2E·9 5E-5 5E-4
82 Lead-209 0, all compounds 2E+4 6E+4 2E-5 8E-8 3E·4 3E-3
82 Lead-210 0, all compounds 6E-1 2E-1 lE-l0 - - -

Bone surf Bone ~~rf - 6E-13 1E-8 1E-7
(1 E+O) (4E-1

82 Lead-211< 0, all compounds 1E+4 6E+2 3E-7 9E-l0 2E-4 2E-3
82 Lead-212 0, all compounds 8E+l 3E+1 1E-8 5E-11 - -

Bone surf - - - 2E-6 2E-5
(IE+2)

82 Lead-214< 0, all compounds 9E+3 8E+2 3E-7 1E-9 lE-4 lE-3
83 Bismuth-200 0, nitrates 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3

W. ali other - lE+5 4E-5 1E·7 - -
compounds

83 Bismulh-201 0, see'<;v Bi 1E+4 3E+4 lE-5 4E-8 2E-4 2E-3
W, see LUUSi - 4E+4 2E-5 5E·8 - -

83 Bismulh·202< 0, see ~uvBi 1E+4 4E+4 2E-5 6E·8 2E-4 2E-3

W,see"'''''Bi - 8E+4 3E-5 1E-7 - -
83 Bismulh-203 D,see Bf 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4

W,see.iWSi - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 0, see ",vvSi lE+3 3E+3 1E-6 3E-9 2E-5 2E·4

W, see Bi - 1E+3 5E-7 2E-9 - -
83 Bismuth·206 0, see LWSi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W,see",wBi - 9E+2 4E-7 1E-9 - -

83 Bfsmuth-207 0, see ""vvSi 1E+3 2E+3 7E-7 2E-9 lE-5 lE-4

W, see Bi - 4E+2 lE-7 5E-1O - -
83 Bismuth-210m 0, see LUUSj 4E+1 5E+O 2E-9 - - -

Kidneys Kidneys - 9E-12 8E-7 8E-6
(6E+l) t6E+(n

W,see Bi - 7E-1 3E-l0 9E-13 - -
83 Bismulh-210 0, see LVVSj 8E+2 2E+2 1E-7 - 1E-5 1E-4

- Kidneys - 5E-1O - -
f4E+:21

W,see Bf - 3E+1 1E·8 4E-11 - -
83 Bismulh-212< 0, see LWSi 5E+3 2E+2 1E-7 3E-10 7E-5 7E·4

W, see L\,IVBj - 3E+2 lE-7 4E-10 - -
83 Bismuth·213 0, see .,,, Bl 7E+3 3E+2 lE-7 4E-l0 lE-4 lE-3

W,seeLWBi - 4E+2 lE-7 5E-l0 - -

83 Bismuth-214< 0, see LlJUSi 2E+4 8E+2 3E-7 1E-9 - -
Siwali - - - 3E·4 3E-3
(2E+4)

W, see LVJSj - 9E-2 4E-7 lE-9 - -
84 Polonlum-203"" 0, all compounds 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3

except those given
forW
W, oxides, - 9E+4 4E-5 lE-7 - -
hydroxides, and
nitrates

84 Polonium·205 D,see Po 2E+4 4E+4 2E-5 5E-8 3E-4 3E-3
W, see Lu"PO - 7E+4 3E-5 1E-7 - -

84 Polonium-207 D, see £V->po 8E+3 3E+4 1E-5 3E-8 lE-4 lE-3

W, see Po - 3E+4 1E-5 4E-8 - -
84 Polonium-210 D, see zu"po 3E+O 6E-1 3E-l0 9E-13 4E-8 4E-7

W, see £u"po - 6E-1 3E-l0 9E-13 - -
85 Astaline-207< D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4

W - 2E+3 9E-7 3E-9 - -
85 Astatine-211 D, halides 1E+2 8E+l 3E-8 lE-10 2E-6 2E-5

W - 5E+l 2E·8 8E-11 - -
86 Radon·220 With dau9hters - 2E+4 7E-6 2E·8 - -

removed
With daughters - 2E+1 9E-9 3E-11 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Relejises to
Sewers

RadionucJide Col. 1 Col. 2<1 Col. 3 Col. 1 CoU Monthly

Oral Inhalation Average

Ingestion DAe
Air Water Concen,,:

(~CUml) (~eUml) tration
ALI (~ei) (~eUml) (pCVml)

present (or 12 (or 1.0
working working

leve:
S
) level)

months
86 Radon-222 With daughters - 1E+4 4E-6' 1E-8 - -

removed
Wilh daughters - 1E+2 3E-8 1E-10 - -
present (or 4 (or 0.33

working working
levelS) level)

months
87 Francium-222£ D, all compounds 2E+3 5E+2 2E-7 6E-10 3E-5 3E-4

87 Francium-223 D, all compounds 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5

88 Radium-223 W, all compounds 5E+0 7E-1 3E-10 9E-13 - -
Bone surf - - - 1E-7 1E-6

(9E+0)
88 Radium-224 W, all compounds 8E+0 2E+0 7E-10 2E-12 - -

Bone surf - - - 2E-7 2E-6
(2E+1)

88 Radium-225 W, all compounds 8E+0 7E-1 3E-10 9E-13 - -
B~ne ~~rf - - - 2E-7 2E-6

2E+1
88 Radium-226 W, all compounds 2E+0 6E-1 3E-10 9E-13 - -

Bone surf - - - 6E-8 6E-7
15E+0\

88 Radium-227' W, all compounds 2E+4 1E+4 6E-6 - - -
Bone surf Bone surf - 3E-8 3E-4 3E-3

f2E+4) (2E+4)
88 Radium-228 W, all compounds 2E+0 1E+0 5E-1O 2E-12 - -

Bone surf - - - 6E-8 6E-7
f4E+Ol

89 Actinium·224 D, all compounds 2E+3 3E+1 1E-8 - - -
except those given ~il W;~I Bone surf - 5E-11 3E-5 3E-4
forW and Y 2E+3 (4E+1 )
W, halides and - 5E+1 2E-8 7E-11 - -
nitrates
Y, oxides and - 5E+1 2E-8 6E-11 - -
hydroxides

89 Actiniurn-225 D, see Ac 5E+1 3E-1 1E-10 - - -
~ilwall Bone surf - 7E-13 7E-7 7E-6
5E+1) (5E-1)

W, see U.~Ac - 6E-1 3E-10 9E-13 - -
Y,see Ac - 6E-1 3E-10 9E-13 - -

89 Actinium-226 D, see Ac 1E+2 3E+O 1E-9 - - -
LLI wall Bone surf - 5E-12 2E-6 2E-5
(1E+2) t4E+0\

W,see Ac - 5E+0 2E-9 7E-12 - -
Y, see L:l.4Ac - 5E+0 2E-9 6E-12 - -

89 Actinium-227 D, see LLqAc 2E-1 4E-4 2E-13 - - -
Bone surf Bone surf - 1E-15 5E-9 5E-8

f4E-1) 18E-4)
W, see "EL4Ac - 2E-3 7E-13 - - -

- Bone surf - 4E-15 - -
(3E-3)

Y, see Ac - 4E-3 2E-12 6E-15 - -
89 Actinium~228 D, see "EL4Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4

- Bone surf - 2E-11 - -
(2E+1l

W,see Ac - 4E+1 2E-8 - - -
- Bone surf - 8E-11 - -

16E+1)

Y, see~' Ac - 4E+1 2E-8 6E-11 - -
90 Thorium-226L W, all compounds 5E+3 2E+2 6E-8 2E-10 - -

except those given Stwall - - - 7E-5 7E-4
for Y 15E+3)
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Table I Table II Table III

OccupaUonalValues Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 GcI.3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average
Ingestion DAC

Concen-
tration

ALI (~Gi) (~CVml) (/lCVrn/)
Y, oxides and · 1E+2 6E·8 2E·10 · ·
hYdroxides

90 Thorium-227 W,seemTh 1E+2 3E·1 1E·10 5E·13 2E·8 2E·5
Y, see «"Th · 3E·1 1E·10 5E·13 · ·

90 Thorium-228 W,see 'Th 6E+0 1E·2 4E·12 · · ·
Bone surf Bone surf · 3E·14 2E·7 2E·6

(1E+1) (2E·2)
Y,see Th · 2E·2 7E·12 2E·14 · ·

90 Thorium-229 W, seeU"Th 6E·1 9E·4 4E·13 · · ·
Bone surf Bone surf · 3E·15 2E·8 2E·7

11E+01 (2E·3)
Y, see Th · 2E·3 1E·12 · · ·

· Bone surf · 4E·15 · ·
(3E·3)

90 Thorium-230 W, see «"Th 4E+0 6E·3 3E·12 · · ·
Bone surf Bone ~~rf · 2E·14 1E·7 1E·6

(9E+0) (2E·2
Y, see """Th · 2E·2 6E·12 · · ·

· Bone surf · 3E·14 · ·
t2E·21

90 Thorium-231 W, see u"Th 4E+3 6E+3 3E·6 9E·9 ·5E·5 5E·4
Y, see «"Th - 6E+3 3E·6 9E-9 · -

90 Thorium-232 W, see ,. Th 7E-1 1E·3 5E·13 - · -
Bone surf Bone surf · 4E-15 3E·8 3E-7

(2E+0) (3E·3)
Y, see """Th - 3E-3 1E·12 - · -

- Bone ~~rf · 6E-15 - ·
14E·3

90 Thorium-234 W, see """Th 3E+2 2E+2 8E·8 3E-10 · -
LLI wall - · - 5E·6 5E·5
(4E+2)

Y,see 'Th - 2E+2 6E·8 2E-10 · ·
91 Protactinium- W, all compounds 4E+3 1E+2 5E·8 2E-10 5E·5 5E·4

227' except those given
lorY
Y, oxides and - 1E+2 4E·8 1E-10 - ·
hYdroxides

.
91 Protactinium- W, see ",·.u pa 1E+3 1E+1 5E-9 - 2E·5 2E·4

228 · Bone surf · 3E-11 - ·
12E+1l

Y, see Pa · 1E+1 5E·9 2E-11 · -
91 Protactinium- W, see Ulpa 8E+2 5E+0 2E·9 7E-12 · ·

230 Bone surf - · - 1E-5 1E·4
(9E+2)

Y, see Pa - 4E+0 1E-9 5E-12 · -
91 Protactinium- W, see L<.f pa 2E-1 2E-3 6E·13 - - -

231 Bone surf Bone surf · 6E·15 6E-9 6E·8
(5E·11 14E·3)

Y,see Pa - 4E·3 2E-12 - · -
- Bone surf · 8E-15 - ·

(6E·3)
91 Protactinium- W,see Pa 1E+3 2E+1 9E·9 - 2E-5 2E·4

232 · Bone surf - 8E·11 - ·
(6E+1)

Y, see a'Pa - 6E+1 2E·8 - - -
· Bone ~~rf - 1E·10 - ·

(7E+1
91 Protactinium- W, see Uol pa 1E+3 7E+2 3E-7 1E·9 - ·

233 LLI wall . - - 2E·5 2E-4
12E+3)

Y, see ':Lfpa · 6E+2 2E-7 8E·1Q - -
91 Protactinium- W, see I!-Llpa 2E+3 8E+3 3E-6 1E-8 3E·5 3E-4

234 Y, see Pa - 7E+3 3E·6 9E-9 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic <RadicHuclide Col.f Col. 2 •••• 1 • Col. 3 Col.f Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Water Concen~

Aq (~Ci) (~CVml) (~CVml) tralion
. All (~CI) (~CVml)

• • •(uCVml)
92 Uranium-230 0, UFs, U02F2 , 4E+O 4E-1 2E-10 - - -

UO,(NO,j, B~ne ~~rf B~;e ~~rf - 8E-13 8E-8 8E-7
8E+O 8E-1

W, UO" UF" UCI. - 4E-1 1E-10 5E-13 - -
Y, VOt, U30 a - 3E-1 1E-10 4E-13 - -

92 Uranium-231 D,ses U 5E+3 8E+3 3E-6 1E-8 - -

Lli W~~I - - - 6E-5 6E-4
(4E+3

W,seeL""'U - 6E+3 2E-6 8E-9 - -

Y,see U - 5E+3 2E-6 6E-9 - -
92 Uranium-232 D, see ;lJUU 2E+O 2E-1 9E-11 - - -

B~ne ~~~rf Bone surf - 6E-13 6E-8 6E-7
4E+O 14E-1\

W, see 230U - 4E-1 2E-10 5E-13 - -
Y, see Z&lU - 8E-3 3E-12 1E-14 - -

92 Uranium-233 D, see'~U 1E+1 1E+O 5E-1Q - - -

B~2ne ~~rf Bone surf - 3E-12 3E-7 3E-6
2E+1 (2E+O)

W, see L;;stIU - 7E-1 3E-10 1E-12 - -

..
Y, see L.Jl-U - 4E-2 2E-11 5E-14 - -

92 Uranium-234 0, see U 1E+1 1E+O 5E-1Q - - -
Bone surf B~ne S~~rf - 3E-12 3E-7 3E-6

(2E+1 ) 2E+O

W, see U - 7E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 5E-14 - -

92 Uranium-235" D, see ;l;JUU 1E+1 1E+O 6E-10 - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+1) 12E+O)
W, see z;j()U - 8E-1 3E-10 1E-12 - -
Y, see LJUU - 4E-2 2E-11 6E-14 - -

92 Uranium-236 0, see L,)l U 1E+1 1E+O 5E-1Q - - -

B?:ne ~~rf Bone surf - 3E-12 3E-7 3E-6
2E+1 (2E+O)

W, see'~U - 8E-1 3E-10 1E-12 - -

Y,seemU - 4E-2 2E-11 6E-14 - -

92 Uranium-237 D, see U 2E+3 3E+3 1E-6 4E-9 - -
~~Iwall - - - 3E-5 3E-4
2E+3)

W, see" U - 2E+3 7E-7 2E-9 - -
Y,see U - 2E+3 6E-7 2E-9 - -

92 Uranium-238" 0, see ;(Wu 1E+1 1E+O 6E-10 - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+1) (2E+Ol

W,ses U - 8E-1 3E-10 1E-12 - -
Y, see :lJUU - 4E-2 2E-11 6E-14 - -

92 Uranium-239L D, see Z;;sl)U 7E+4 2E+5 8E-5 3E-7 9E-4 9E-3

W,see U - 2E+5 7E-5 2E-7 - -
Y, see 2WU 2E+5 6E-5 2E-7 - -

92 Uranium-240 0, see :lJUU 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4

W, see L~ U - 3E+3 1E-6 4E-9 - -
Y, see U - 2E+3 1E-6 3E-9 - -

92 Uranium- 0, see ;l;j.UU 1E+1 1E+O 5E-1Q - - -
natural3 B~?ne ~~rf Bone surf - 3E-12 3E-7 3E-6

2E+1 12E+O\
W, see;l3UU - 8E-1 3E-10 9E-13 - -
Y, see'~U - 5E-2 2E-11 9E-14 - -

93 Neptunium· W, all compounds 1E+5 2E+3 7E-7 - 2E-3 2E-2
232

2 - Bone S2~rf - 6E-9 - -
(5E+2

93 Neptunium- W, all compounds 8E+5 3E+6 1E-3 4E-6 1E-2 1E-1
233

2
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Table I Table II Table III

QccupationalValues Effluent Concentrations Releases to
Sewers

Atomic
.

Cla~~
Co/.1 CoI,2 C()/,$ Co/,1 CoI,2 MonWy

No,
Oral Inhalation AV£j([jge

Ingestion PAC
Air Water Concen~

AlI(~Ci)
ALI (~Ci)

(~CUmt) . (~CUml) (~CVml) rJrtion
CVmlJ

93 Neptunium-234 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-S 3E-4
93 Neptunium~235 W, all compounds 2E+4 8E+2 3E-7 - - -

LLI wall Bone surf - 2E-9 3E-4 3E-3
(2E+4) (1E+3)

93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -
(1.1SE+Sy) Bone surf Bone surf - 8E-14 9E-8 9E-7

(6E+0) (SE-2)
93 Neptunium- W, all compounds 3E+3 3E+1 1E-8 - - -

236m (22,S h) Bone surf Bone surf - 1E-10 SE-S SE-4
/4E+31 17E+1l

93 Neptunium-237 W, all compounds SE-1 4E-3 2E-12 - - -
Bone surf Bone surf - 1E-14 2E-8 2E-7

I1E+0l (1E-2)
93 Neptunium-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-S 2E-4

- Bone surf - 2E-10 - -
(2E+2)

93 Neptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - -
LLI wall - - - 2E-S 2E-4
(2E+3)

93 Neptunium- W, all compounds 2E+4 8E+4 3E-S 1E-7 3E-4 3E-3
240'

94 Plutonium-234 W, all compounds 8E+3 2E+2 9E-8 3E-10 1E-4 1E-3
exceot PU02
Y, PuO, - 2E+2 8E-8 3E-10 - -

94 Plutonium-235~ W, see L.""pu 9E+S 3E+6 1E-3 4E-6 1E-2 1E-1
Y, see £'><Pu - 3E+6 1E-3 3E-6 - -

94 Plutonium-236 W, see "V'"<pu 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf - SE-14 6E-8 6E-7

(4E+0) (4E-21
Y, see LV'lpU - 4E-2 2E-11 6E-14 - -

94 Plutonium-237 W, see L~ Pu 1E+4 3E+3 1E-6 SE-9 2E-4 2E-3

Y, see Pu - 3E+3 1E-6 4E-9 - -

94 Plutonium-238 W, see L.,)'jPu 9E-1 7E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(2E+Ol (1E-2)

Y, see Pu - 2E-2 8E-12 2E-14 - -

94 Plutonium-239 W, see L,)'1PU 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1 E+Ol (1 E-2)
Y, see LSo<pU - 2E-2 7E-12 - - -

- Bone surf - 2E-14 - -
12E-21

94 Plutonium-240 W,see Pu 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+Ol (1 E-2)
Y, see "''"''''Pu - 2E-2 7E-12 - - -

- Bone ~~rf - 2E-14 - -
(2E-2

94 Plutonium-241 W,see L.:>'lpU 4E+1 3E-1 1E-10 - - -
Bone surf Bone surf - 6E-13 1E-6 1E-5

(7E+1l 16E-1 )
Y, see L,)'1PU - 8E-1 3E-10 - - -

- Bone surf - 1E-12 - -
I1E+0l

94 Plutonium-242 W,see Pu 8E-1 7E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1 E+O) (1 E-2)

Y, see "''' Pu - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

(2E-2)
94 Plutonium-243 W, seeL.:;<-pu 2E+4 4E+4 2E-5 5E-8 2E-4 2E-3

Y,see Pu - 4E+4 2E-5 5E-8 - -
94 Plutonium-244 W see LSo<pU 8E-1 7E-3 3E-12 - - -
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Table I .. TableJl Table III

Occupational Valu~s Effluent Concentrations Re1e:f.ises to
Sewers

"o"lo",,"""~ Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 MM/I,/y
Oral InhalatiOn Av~rafJfJ

Ingestion ••• DAC Water Concen-
(~CUml) tration

flP(~Ci) (~CUml) (LJei/mll •
Bone surf Bone surf - 2E-14 2E-8 2E-7

(2E+O) (1 E-2)
Y, see '-<>'Pu - 2E-2 7E-12 - - -

- Bone surf - 2E-14 - -
(2E-2)

94 Plutonium-245 W, see """"Pu 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
Y, see '-, Pu - 4E+3 2E-6 6E-9 - -

94 Plutonium-246 W, seeL~pu 4E+2 3E+2 1E-7 4E-10 - -
LLI wall - - - 6E-6 6E-5
14E+2)

Y, see Pu - 3E+2 1E-7 4E-10 - -
95 Americium- W, all compounds 8E+4 3E+5 1E-4 4E-7 1E-3 1E-2

237'
95 Americium- W, all compounds 4E+4 3E+3 1E-6 - 5E·4 5E-3

238' - Bone surf - 9E-9 - -
(6E+3)

95 Americium-239 W, all com Qunds 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
95 Americium-240 W, all com Qunds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
I1E+O) (1 E-2)

95 Americium- W, all compounds 8E-1 6E-3 3E-12 - - -
242m Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+O) (1 E-2)
95 Americium-242 W, all compounds 4E+3 8E+1 4E-8 - 5E-5 5E-4

- Bone surf - 1E-10 - -
(9E+1 )

95 Americium-243 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+0l (1 E-2)

95 Americium- W, all compounds 6E+4 4E+3 2E·6 - - -
244m' Slwall Bone surf - 1E-8 1E-3 1E-2

IBE+41 (7E+3)
95 Americium-244 W, all compounds 3E+3 2E+2 8E-B - 4E-5 4E-4

- Bone surf - 4E-10 - -
(3E+2)

95 Americium-245 W, all comoounds 3E+4 BE+4 3E-5 1E-7 4E-4 4E-3
95 Americium w W, all compounds 5E+4 2E+5 BE-5 3E-7 - -

246m' Slwall - - - BE-4 BE-3
(BE+4)

95 Americiumw W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
246'

96 Curium-238 W, all compounds 2E+4 1E+3 5E-7 2E-9 2E-4 2E-3
96 Curium w 240 W, all compounds 6E+1 6E-1 2E-10 - - -

Bone surf Bone surf - 9E-13 1E-6 1E-5
IBE+1) C8E-1)

96 Curium w 241 W, all compounds 1E+3 3E+1 1E-B - 2E-5 2E-4
- Bone surf - 5E-11 - -

(4E+l)
96 Curium w 242 W, all compounds 3E+1 3E-1 1E-10 - - -

Bone surf Bone surf - 4E-13 7E-7 7E-6
(5E+l) (3E-1)

96 Curium w 243 W, all compounds 1E+O 9E-3 4E-12 - - -
Bone surf Bone surf - 2E-14 3E-B 3E-7

(2E+O) (2E-21
96 Curium w 244 W, all compounds 1E+O 1E-2 5E-12 - - -

Bone surf Bone surf - 3E-14 3E-B 3E-7
(3E+O) (2E-2)

96 Curium w 245 W, all compounds 7E-l BE-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-B 2E-7

I1E+0l 11 E-2)
96 Curium-246 W, all compounds 7E-l BE-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-B 2E-7
(1E+O) (1E-2)
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Table I Table II Table III
Releases to'. Occupational Values Effluent Concentrations Sewers

Col. 1 CoI,21 CoI,3 Col.I Col. 2 iv1on@y
Oral Inhalation AVer?g?

Waler Concen-Ingestion DAC ,,,<,,,-,,
(~CUml) trationALI (~CI) (~CI!Il)I) •(ueVmfJ

96 Curium·247 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

f1E+O\ ilE-21
96 Curium-248 W, all compounds 2E-1 2E-3 7E-13 - - -

Bone surf Bone surf - 4E-15 5E-9 5E-8
(4E-1 ) ,13E-3)

96 Curium-249"" W, all compounds 5E+4 2E+4 7E-6 - 7E-4 7E-3
- Bone surf - 4E-8 - -

(3E+4)
96 Curium-250 W, all compounds 4E-2 3E-4 1E-13 - - -

Bone surf Bone surf - 8E-16 9E-10 9E-9
(6E-2) (5E-4)

97 Berkellum-245 W, all compounds 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 Berkelium-247 W, all compounds 5E-1 4E-3 2E-12 - - -

Bone surf Bone ~~rf - 1E-14 2E-8 2E-7
(1E+Ol (9E-3

97 Berkelium-249 W, all compounds 2E+2 2E+0 7E-10 - - -
Bone surf Bone surf - 5E-12 6E-6 6E-5

(5E+21 (4E+Ol
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3

- Bone surf - 1E-9 - -
(7E+21

98 Californium- W, all compounds 3E+4 6E+2 2E-7 8E-1Q - -
244' except those given Slwall - - - 4E-4 4E-3

for Y (3E+4)
Y, oxides and - 6E+2 2E-7 8E-10 - -
hYdroxides

98 Californium-246 W, see·' Cf 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5

Y,seemCf - 9E+0 4E-9 1E-11 - -

98 Californium-248 W,see Cf 8E+0 6E-2 3E-11 - - -
Bone surf Bone surf - 2E-13 2E-7 2E-6

(2E+1) (1E-1)

Y, see·' Cf - 1E-1 4E-11 1E-13 - -
98 Californium-249 W,see Cf 5E·1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
(1E+0) (9E-3)

Y, see·' Cf - 1E-2 4E-12 - - -
Bone surf

- 1E-21 - 2E-14 - -
98 Californium-250 W,see Cf 1E+0 9E-3 4E-12 - - -

Bone surf Bone surf - 3E-14 3E-8 3E-7
(2E+0) (2E-2)

Y, see·' Cf - 3E-2 1E-11 4E-14 - -
98 Californium-251 W, see Cf 5E-1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
11E+0) (9E-3)

Y, see·' Cf - 1E-2 4E-12 - - -
- Bone surf - 2E-14 - -

-gs
(1 E-2)

Californium-252 W,seemCf 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf - 5E-14 7E-8 7E-7

(5E+0) (4E-2)

Y, see ·"Cf - 3E-2 1E-11 5E-14 - -
98 Californium-253 W, see·~Cf 2E+2 2E+0 8E-10 3E-12 - -

Bone surf - - - 5E-6 5E-5
(4E+2)

Y, see ·~Cf - 2E+0 7E-10 2E-12 - -

98 Californium-254 W, see·' Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7

Y,see Cf - 2E-2 7E-12 2E-14 - -
99 Einsteinium- W, all compounds f--

4E+4 5E+2 2E-7 - 6E-4 6E-3
250 - Bone surf - 2E-9 - -

(1 E+3)
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T~blel Table II Table III

OccuP?tionaIV;jlues Effluent Concentrations Releases to
Sewers

CQI.1 Col. 2<1 •.... Col. 3 Col. 1 Col.:! Monthly

Oral Inhalation AVf1rage

Ingestion DAC
Air W~ler Concen~

ALI (~Ci) (~CU",I)
(~CUml) (~CUml) (~ation

/leVml)
99 Einsteinium- W, all compounds 7E+3 9E+:! 4E-7 - 1E-4 1E-3

251 - Bone surf - 2E-9 - -
(1 E+3)

99 Einsteinium- W, all compounds 2E+2 1E+0 6E-10 2E-12 2E·6 2E-5
253

99 Einsteinium- W, all compounds 3E+2 1E+1 4E-9 1E-11 - -
254m LLI wall - - - 4E-6 4E-5

13E+2\
99 Einsteinium- W, all compounds 8E+0 7E-2 3E-11 - - -

254 Bone surf Bone surf - 2E-13 2E-7 2E-6
(2E+1) I1E-1)

100 Fermium-252 W, all compounds 5E+2 1E+1 5E-9 2E-11 6E-6 6E-5
100 Fermium-253 W, all comoounds 1E+3 1E+1 4E-9. 1E-11 1E-5 1E-4
100 Fermium-254 W, all comDounds 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
100 Fermium-255 W, all compounds 5E+2 2E+1 9E-9 3E-11 7E-6 7E-5
100 Fermium-257 W, all compounds 2E+1 2E-1 7E-11 - - -

Bone surf Bone surf - 3E-13 5E-7 5E·6
(4E+1) (2E-1)

101 Mendelevium- W, all compounds 7E+3 8E+1 4E-8 - 1E-4 1E-3
257 - Bone surf - 1E-10 - -

(9E+1)
101 Mendelevium- W, all compounds 3E+1 2E-1 1E-10 - - -

258 Bone surf Bone surf - 5E-13 6E-7 6E-6
(5E+1) (3E-1)

- Any single Submersion J - 2E+2 1E-7 1E-9 - -
radionuclide not
listed above
with decay
mode other
than alpha
emission or
spontaneous
fission and with
radioactive half-
life less than 2
hours

- Any single - 2E-1 1E-10 1E-12 1E-8 1E-7
radionucHde not
listed above
with decay
mode other
than alpha
emission or
spontaneous
fission and with
radioactive half-
life greater than
2 hours

- Any single - - 4E-4 2E-13 1E-15 2E-9 2E-8
radionuclide not
listed above
that decays by
alpha emission
or spontaneous
fission, or any
mixture for
which either the
identity or the
concentration of
any
radionucHde in
the mixture is
not known

ENDNOTES:
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j"Submersion" means that values given are for submersion in a hemispherical semi~infinite cloud of airborne material.

2 These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent received during
operations with these radionuclides might include a significant contribution from external exposure. The DAC values for all
radionuclides, other than those designated Class ~Submersion," are based upon the committed effective dose equivalent due to
the intake of the radionuclide into the body and do not include potentially significant contributions to dose equivalent from
external exposures. The licensee may substitute 1E-7 IJCilml for the listed DAC to account for the submersion dose
prospectively, but should use individual monitoring devices or other radiation measuring instruments that measure external
exposure to demonstrate compliance with the limits. (See Rule 0400-20-05-.52.)

3 For soluble mixtures of U-238, U~234, and U-235 in air, chemical toxicity may be the limiting factor (see paragraph (5) of RUle
0400-20-05-.50). If the percent by weight (enrichment) of U-235 is not greater than 5, the concentration value for a 40-hour
workweek is 0.2 milligrams uranium per cubic meter of air average. For any enrichment, the product of the average
concentration and time of exposure during a 40~hour workweek shall not exceed 8E-3 (SA) IJCi-hr/ml, where SA is the specific
activity of the uranium inhaled. The specific activity for natural uranium is 6.77E-7 curies per gram U. The specific activity for
other mixtures of U-238, U-235, and U-234, if not known, shall be:

SA = 3.6E-7 curies/gram U U-depleted

SA = [004 + 0.38 (enrichment) + 0.0034 (enrichmen!)'] E-6, enrichment> 0.72

where enrichment is the percentage by weight of U~235, expressed as percent.

NOTE:

1. If the identity of each radionuclide in a mixture is known but the concentration of one or more of the radionuclides in the mixture is
not known, the DAC for the mixture shall be the most restrictive DAC of any radionuclide in the mixture.

2. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in this schedule are
not present in the mixture, the inhalation ALI, DAC, and effluent and sewage concentrations for the mixture are the lowest values specified in
this schedule for any radionuclide that is not known to be absent from the mixture; or

<Ta~l"tvalues
Table til

Table II RelefiSeS to
Effluent Concentrations Sewers

No.
Co/.1 I Col. 2 <I Col. 3 Col,! . Col. 2 Monthly

oral ,«ater
Average

Concentration

A[I(~Cil· WC~mIF (/lCVmQ

If it is known that Ac-227-D and Cm-250-W - 7E-4 3E-13 - - -
are not oresent
If, in addition, it is known thatAc~227-W, Y, - 7E-3 3E-12 - - -
Th-229-W, Y, Th-230-W, Th-232-W, Y, Pa-
231-W, Y, Np-237-W, Pu-239-W, Pu-240-W,
Pu-242-W, Am-241-W, Am-242m-W, Am-243-
W, Cm-245-W, Cm-246-W, Cm-247-W, Cm-
248-W, Bk-247-W, Cf-249-W, and Cf-251-W
are not present
If, in addition, it is known that Sm-14S-W, Sm- - 7E-2 3E-11 - - -
147-W, Gd-148-D, W, Gd-152-D, W, Th-228-
W, Y, Th-230-Y, U-232-Y, U-233-Y, U-234-Y,
U-235-Y, U-236-Y, U-238-Y, Np-236-W, Pu-
236-W, Y, Pu-238-W, Y, Pu-239-Y, Pu-240-Y,
Pu-242-Y, Pu-244-W, Y, Cm-243-W, Cm-244-
W, Cf-248-W, Cf-249-Y, Cf-250-W, Y, Cf-251-
Y, Cf-252-W, Y, and Cf-254-W, Yare not

• present
If, in addition, it is known that Pb-210~D, Bi- - 7E-l 3E-10 - - -
210m-W, Po-210-D, W, Ra-223-W, Ra-225-
W, Ra-226-W, Ac-225-D, W, Y, Th-227-W, Y,
U-230-D, W, Y, U-232-D, W, Pu-241-W, Cm-
240-W, Cm-242-W, Cf-248-Y, Es-254-W, Fm-
257-W, and Md-258-W are not oresent
If, in addition, it is known that Si-32-Y, Ti-44~ - 7E+0 3E-9 - - -
Y, Fe-60-D, Sr-90-Y, Zr-93-D, Cd-113m-D,
Cd-113-D,ln-115-D, W, La-138-D, Lu-176W,
Hf-178m-D, W, Hf-182-D, W, Bi-210m-D, Ra-
224-W, Ra-228-W, Ac-226-D, W, Y, Pa-230-
W, Y, U-233-D, W, U-234-D, W, U-235-D, W,
U-236-D, W, U-238-D, W, Pu-241-Y, Bk-249-
W, Cf-253-W, Y, and Es-253W are not
present
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Table III
Table I Table II Releases to

OccuoationalValues Effluent ConCf3ntrations Sewers

Atomic No.
Col. 1 I Col. 2 Col. 3 Col 1 Col. 2

Monthly"U"e InhalallonI Average
••••

'Oral Water

Ing,"iJ:~g
OAC

(pcUml)
Concentration

ALI CI (pCUml) (I1Cilmlj

II il is known that Ac-227-0, W, Y, Th-229-W, - - - 1E-14 - -
Y, Th-232-W, Y, Pa-231-W, Y, Cm-248-W,
and Cm-250-W are not present
If, in addition, it is known that Sm-146-W, Gd- - - - '1E-13 - -
148·0, W, Gd-152-0, Th-228·W, Y, Th-230-
W, Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, U-Nat-Y, Np-236-W, Np-
237-W, Pu-236-W, Y, Pu-238-W, Y, Pu-239-
W, Y, PU-240-W, Y, Pu-242-W, Y, Pu-244·W,
Y, Am-241-W, Am-242m-W, Am-243-W, em-
243-W, Cm-244-W, Cm-245-W, Cm-246-W,
Cm-247-W, Bk-247-W, Cf-249-W, Y, CI-250-
W, Y, CI-251-W, Y, CI-252-W, Y, and CI-254-
W, Yare not oresent
If, in addition, it is known that Sm-147-W, Gd· - - - 1E-12 - -
152-W, Pb-21 0-0, Bi-210m-W, Po-21 0-0, W,
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-0,
W, Y, Th-227-W, Y, U-230·0, W, Y, U-232-0,
W, U-Nat·W, Pu-241-W, Cm-240-W, Cm-242-
W, CI-248-W, Y, Es-254-W, Fm-257-W, and
Md-258-W are not oresent
If, in addilion it is known that Fe·50, Sf-9O, - - - - 1E-6 1E-5
Cd-113m, Cd-113, In-115, 1-129, Cs-134, Sm-
145, Sm-147, Gd-148, Gd-152, Hg-194
(organic), Bi-210m, Ra-223, Ra-224, Ra-225,
Ac-225, Th-228, Th-230, U-233, U-234, U-
235, U-236, U-238, U-Nat, Cm-242, CI-248,
Es-254, Fm-257, and Md-258 are not present

3. If a mixture of radlonuchdes consists of uramum and Its daughters In ore dust (1 0 ~m AMAD particle dlstnbutlon assumed) pnor to
chemical separation of the uranium from the are, the following values may be used for the DAC of the mixture: 6E-11 JlCi of gross alpha
activity from uranium-238, uranium-234, thorium-230, and radium-226 per milliliter of air; 3E-11 ~tCi of natural uranium per milliliter of air; or 45
micrograms of natural uranium per cubic meter of air.

4.. If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be derived as follows:
determine, for each radionuclide in the mixture, the ratio between the concentration present in the mixture and the concentration otherwise
established in Schedule RHS 8-30 for the specific radionuclide when not in a mixture. The sum of such·ratios for all of the radionuclides in the
mixture may not exceed "1" (i.e., "unity").

Example: If radionuciides "A," "B:' and "C" are present in concentrations CA, CB, and Cc, and il the applicable DACs are

DACA, DACB, and DACc, respectively, then the concentrations shall be limited so that the following relationship exists:

88-7039 (JUly 2010)

+-------
DACB

Cc
+--------

DACc

96
RDA 1693



SCHEDULE RHS 8-31
QUANTITIES' OF LICENSED MATERIAL REQUIRING LABELING

"TO Convert ~Ci to KBq, multiply the ~Ci value by 37.
55,7039 (July 2010)

Radionuclide

Hydrogen-3
Beryllium-7
Beryllium-10
Carbon-11
Carbon-14
Fluorine-18
Sodium-22
Sodium-24
Magnesium-28
Aluminum-26
Silicon-31
Silicon-32
Phosphorus-32
Phosphorus-33
Sulfur-35
Chlorine-36
Chlorine-38
Chlorine-39
Argon-39
Argon-41
Potassium-40
Potassium-42
Potassium-43
Potassium-44
Potassium-45
Calcium-41
Calcium-45
Calcium-47
Scandium-43
Scandium-44m
Scandium-44
Scandium-46
Scandium-47
Scandium-48
Scandium-49
Titanium-44
Titanium-45
Vanadium-47
Vanadium-48
Vanadium-49
Chromium-48
Chromium-49
Chromium-51
Manganese-51
Manganese-52m
Manganese-52
Manganese-53
Manganese-54
Manganese-56
Iron-52
Iron-55
Iron-59
Iron--<30
Cobalt-55

Quantity
(fJCi) "
1,000
1,000
1
1,000
1,000
1,000
10
100
100
10
1,000
1
10
100
100
10
1,000
1,000
1,000
1,000
100
1,000
1,000
1,000
1,000
100
100
100
1,000
100
100
10
100
100
1,000
1
1,000
1,000
100
1,000
1,000
1,000
1,000
1,000
1,000
100
1,000
100
1,000
100
100
10
1
100

97

Radionuclide

Cobalt-56
Cobalt-57
Cobalt-58m
Cobalt-58
Cobalt-60m
Cobalt-60
Cobalt-61
Cobalt-62m
Nickel-56
Nickel-57
Nickel-59
Nickel--<33
Nickel--<35
Nickel--<36
Copper--<30
Copper--<31
Copper--<34
Copper--<37
Zinc--<32
Zinc--<33
Zinc--<35
Zinc--<39m
Zinc-69
Zinc-71m
Zinc-72
Gallium--<35
Gallium--<36
Gallium--<37
Gallium--<38
Gallium-70
Gallium-72
Gallium-73
Germanium--<36
Germanium--<37
Germanium--<38
Germanium--<39
Germanium-71
Germanium-75
Germanium-77
Germanium-78
Arsenic-69
Arsenic-70
Arsenic-71
Arsenic-72
Arsenic-73
Arsenic-74
Arsenic-76
Arsenic-77
Arsenic-78
Selenium-70
Selenium-73m
Selenium-73
Selenium-75
Selenium-79
Selenium-81 m
Selenium-81

Quantity
(fJCi) "
10
100
1,000
100
1,000
1
1,000
100
100
100
100
100
1,000
10
1,000
1,000
1,000
1,000
100
1,000
10
100
1,000
1,000
100
1,000
100
1,000
1,000
1,000
100
1,000
1,000
1,000
10
1,000
1,000
1,000
1,000
1,000
1,000
1,000
100
100
100
100
100
100
1,000
1,000
1,000
100
100
100
1,000
1,000
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Radionuclide Quantity Radionuclide Quantity
(jJCi) 'a (jJCi) 'a

Selenium-83 1,000 Niobium-88 1,000
Bromine-74m 1,000 Niobium-89m
Bromine-74 1,000 (66 min) 1,000
Bromine-75 1,000 Niobium-89
Bromine-76 100 (122 min) 1,000
Bromine-77 1,000 Niobium-90 100
Bromine-80m 1,000 Niobium-93m 10
Bromine-80 1,000 Niobium-94 1
Bromine-82 100 Niobium-95m 100
Bromine-83 1,000 Niobium-95 100
Bromine-84 1,000 Niobium-96 100
Krypton-74 1,000 Niobium-97 1,000
Krypton-76 1,000 Niobium-98 1,000
Krypton-77 1,000 Molybdenum-90 100
Krypton-79 1,000 Molybdenum -93m 100
Krypton-81 1,000 Molybdenum-93 10
Krypton-83m 1,000 Molybdenum-99 100
Krypton-85m 1,000 Molybdenum-101 1,000
Krypton-85 1,000 Technetium-93m 1,000
Krypton-87 1,000 Technetium-93 1,000
Krypton-88 1,000 Technetium-94m 1,000
Rubidium-79 1,000 Technetium-94 1,000
Rubidium-81 m 1,000 Technetium-96m 1,000
Rubidium-81 1,000 Technetium-96 100
Rubidium-82m 1,000 Technetium-97m 100
Rubidium-83 100 Technetium-97 1,000
Rubidium-84 100 Technetium-98 10
Rubidium-86 100 Technetium-99m 1,000
Rubidium-87 100 Technetium-99 100
Rubidium-88 1,000 Technetium-101 1,000
Rubidium-89 1,000 Technelium-104 1,000
Strontium-80 100 Ruthenium-94 1,000
Strontium-81 1,000 Ruthenium-97 1,000
Strontium-83 100 Ruthenium-103 100
Strontium-85m 1,000 Ruthenium-105 1,000
Strontium-85 100 Ruthenium-106 1
Strontium-87m 1,000 Rhodium-99m 1,000
Strontium-89 10 Rhodium-99 100
Strontium-90 0.1 Rhodium-100 100
Strontium-91 100 Rhodium-101m 1,000
Strontium-92 100 Rhodium -101 10
Yttrium-86m 1,000 Rhodium-102m 10
Yttrium-86 100 Rhodium-102 10
Yttrium-87 100 Rhodium-103m 1,000
Yttrium-88 10 Rhodium-105 100
Yttrium-90m 1,000 Rhodium-106m 1,000
Yttrium-90 10 Rhodium-107 1,000
Yllrium-91m 1,000 Palladium-100 100
Ytlrium-91 10 Palladium-101 1,000
Yllrium-92 100 Palladium-103 100
Yttrium-93 100 Palladium-107 10
Yllrium-94 1,000 Palladium-109 100
Yttrium-95 1,000 Silver-102 1,000
Zirconium-86 100 Silver-103 1,000
Zirconium-88 10 Silver-104m 1,000
Zirconium-89 100 Silver-104 1,000
Zirconium-93 1 Silver-105 100
Zirconium-95 10 Silver-106m 100
Zirconium-97 100 Silver-106 1,000
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Radionuclide Quantity Radionuclide Quantity
(!JCi) -. (!JCi) ".

Silver-108m 1 Tellurium-116 1,000
Silver-110m 10 Tellurium-121m 10
Silver-111 100 Tellurium-121 100
Silver-112 100 Tellurium-123m 10
Silver-115 1,000 Tellurium-123 100
Cadmium-104 1,000 Tellurium-125m 10
Cadmium-107 1,000 Antimony-126 100
Cadmium-109 1 Antimony-127 100
Cadmium-113m 0.1 Tellurium-127m 10
Cadmium-113 100 Tellurium-127 1,000
Cadmium-115m 10 Antimony-128 (10.4 m) 1,000
Cadmium-115 100 Antimony-128 (9.01 h) 100
Cadmium-117m 1,000 Antimony-129 100
Cadmium-117 1,000 Tellurium-129m 10
Indium-109 1,000 Tellurium-129 1,000
Indium-110m· Tellurium-131m 10

(69.1m) 1,000 Tellurium-131 100
Indium-110 Tellurium-132 10
(4.9h) 1,000 Tellurium-133m 100

Indium-111 100 Tellurium-133 1,000
Indium-112 1,000 Tellurium-134 1,000
Indium-113m 1,000 Iodine-120m 1,000
Indium-114m 10 lodine-120 100
Indium-115m 1,000 lodine-121 1,000
Indium-115 100 lodine-123 100
Indium-116m 1,000 lodine-124 10
Indium-117m 1,000 lodine-125 1
Indium-117 1,000 lodine-126 1
Indium-119m 1,000 lodine-128 1,000
Tin-110 100 lodine-129 1
Tin-111 1,000 lodine-130 10
Tin-113 100 lodine-131 1
Tin-117m 100 Iodine-132m 100
Tin-119m 100 lodine-132 100
Tin-121m 100 lodine-133 10
Tin-121 1,000 lodine-134 1,000
Tin-123m 1,000 lodine-135 100
Tin-123 10 Xenon-120 1,000
Tin-125 10 Xenon-121 1,000
Tin-126 10 Xenon-122 1,000
Tin-127 1,000 Xenon-123 1,000
Tin-128 1,000 Xenon-125 1,000
Antimony-115 1,000 Xenon-127 1,000
Antimony-116m 1,000 Xenon-129m 1,000
Antimony-116 1,000 Xenon-131m 1,000
Antimony-117 1,000 Xenon-133m 1,000
Antimony-118m 1,000 Xenon-133 1,000
Antimony-119 1,000 Xenon-135m 1,000
Antimony-120 Xenon-135 1,000

(16m) 1,000 Xenon-138 1,000
Antimony-120 Cesium-125 1,000

(5.76d) 100 Cesium-127 1,000
Antimony-122 100 Cesium-129 1,000
Antimony-124m 1,000 Cesium-130 1,000
Antimony-124 10 Cesium-131 1,000
Antimony-125 100 Cesium-132 100
Antimony-126m· 1,000 Cesium-134m 1,000
Antimony-130 1,000 Cesium-134 10
Antimony-131 1,000 Cesium-135m 1,000
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Radionuclide Quantity Radionuclide Quantity
(IlCi) '. (JJCi) -.

Cesium-135 100 Promethium-150 1,000
Cesium-136 10 Promethium-151 100
Cesium-137 10 Samarium-141m 1,000
Cesium-138 1,000 Samarium-141 1,000
Barium-126 1,000 Samarium-142 1,000
Barium-128 100 Samarium-145 100
Barium-131m 1,000 Samarium-146 1
Barium-131 100 Samarium-147 100
Barium-133m 100 Samarium-151 10
Barium-133 100 Samarium-153 100
Barium-135m 100 Samarium-155 1,000
Barium-139 1,000 Samarium-156 1,000
Barium-140 100 Europium-145 100
Barium-141 1,000 Europium-146 100
Barium-142 1,000 Europium-147 100
Lanthanum-131 1,000 Europium-148 10
Lanthanum-132 100 Europium-149 100
Lanthanum-135 1,000 Europium-150 (12.62h) 100
Lanthanum-137 10 Europium-150 (34.2y) 1
Lanthanum-138 100 Europium-152m 100
Lanthanum-140 100 Europium-152 1
Lanthanum-141 100 Europium-154 1
Lanthanum-142 1,000 Europium-155 10
Lanthanum-143 1,000 Europium-156 100
Cerium-134 100 Europium- 157 100
Cerium-135 100 Europium-158 1,000
Cerium-137m 100 Gadolinium-145 1,000
Cerium-137 1,000 Gadolinium-146 10
Cerium-139 100 Gadolinium-147 100
Cerium-141 100 Gadolinium-148 0.001
Cerium-143 100 Gadolinium-149 100
Cerium-144 1 Gadolinium-151 10
Praseodymium-136 1,000 Gadolinium-152 100
Praseodymium-137 1,000 Gadolinium-153 10
Praseodymium-138m 1,000 Gadolinium-159 100
Praseodymium-139 1,000 Terbium-147 1,000
Praseodymium-142m 1,000 Terbium-149 100
Praseodymium-142 100 Terbium- 150 1,000
Praseodymium-143 100 Terbium-151 100
Praseodymium-144 1,000 Terbium-153 1,000
Praseodymium-145 100 Terbium-154 100
Praseodymium-147 1,000 Terbium-155 1,000
Neodymium-136 1,000 Terbium-156m (5.0 h) 1,000
Neodymium-138 100 Terbium-156m (24.4h) 1,000
Neodymium-139m 1,000 Terbium-156 100
Neodymium-139 1,000 Terbium-157 10
Neodymium-141 1,000 Terbium-158 1
Neodymium-147 100 Terbium-160 10
Neodymium-149 1,000 Terbium-161 100
Neodymium-151 1,000 Dysprosium-155 1,000
Promethium-141 1,000 Dysprosium-157 1,000
Promethium-143 100 Dysprosium-159 100
Promethium-144 10 Dysprosium-165 1,000
Promethium-145 10 Dysprosium-166 100
Promethium-146 1 Holmium-155 1,000
Promethium-147 10 Holmium-157 1,000
Promethium-148m 10 Holmium-159 1,000
Promethium-148 10 Holmium-161 1,000
Promethium-149 100 Holmium-162m 1,000
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Radionuclide Quantity Radionuclide Quantity
WCi) 'a (fJCi) 'a

Holmium-162 1,000 Tantalum-178 1,000
Holmium-164m 1,000 Tantalum-179 100
Holmium-164. 1,000 Tantalum-180m 1,000
Holmium-166m 1 Tantalum-180 100
Holmium-166 100 Tantalum-182m 1,000
Holmium-167 1,000 Tantalum-182 10
Erbium-161 1,000 Tantalum-183 100
Erbium-165 1,000 Tantalum-184 100
Erbium-169 100 Tantalum-185 1,000
Erbium-171 100 Tantalum-186 1,000
Erbium-172 100 Tungsten-176 1,000
Thulium-162 1,000 Tungsten-177 1,000
Thulium-166 100 Tungsten-178 1,000
Thulium-167 100 Tungsten-179 1,000
Thulium-170 10 Tungsten-181 1,000
Thulium-171 10 Tungsten-185 100
Thulium-172 100 Tungsten-187 100
Thulium-173 100 Tungsten-188 10
Thulium-175 1,000 Rhenium-177 1,000
Ytterbium-162 1,000 Rhenium-178 1,000
Ytterbium-166 100 Rhenium-181 1,000
Ytterbium-167 1,000 Rhenium-182 (12.7h) 1,000
Ytterbium-169 100 Rhenium-182 (64.0 h) 100
Ytterbium-175 100 Rhenium-184m 10
Ytterbium-177 1,000 Rhenium-184 100
Ytterbium-178 1,000 Rhenium-186m 10
Lutetium-169 100 Rhenium-186 100
Lutetium-170 100 Rhenium-187 1,000
Lutetium-171 100 Rhenium-188m 1,000
Lutetium-172 100 Rhenium-188 100
Lutetium-173 10 Rhenium-189 100
Lutetium-174m 10 Osmium-180 1,000
Lutetium-174 10 Osmium-181 1,000
Lutetium-176m 1,000 Osmium-182 100
Lutetium-176 100 Osmium-185 100
Lutetium-177m 10 Osmium-189m 1,000
Lutetium-177 100 Osmium-191m 1,000
Lutetium-178m 1,000 Osmium-191 100
Lutetium-178 1,000 Osmium-193 100
Lutetium-179 1,000 Osmium-194 1
Hafnium-170 100 Iridium-182 1,000
Hafnium-172 1 Iridium-184 1,000
Hafnium-173 1,000 Iridium-185 1,000
Hafnium-175 100 Iridium-186 100
Hafnium-177m 1,000 Iridium-187 1,000
Hafnium-178m 0.1 Iridium-188 100
Hafnium-179m 10 Iridium-189 100
Hafnium-180m 1,000 Iridium-190m 1,000
Hafnium-181 10 Iridium-190 100
Hafnium-182m 1,000 Iridium-192m (1 Am) 10
Hafnium-182 . 0.1 Iridium-192 (73.8d) 1
Hafnium-183 1,000 Iridium-194m 10
Hafnium-184 100 Iridium-194 100
Tantalum-172 1,000 Iridium-195m 1,000
Tantalum-173 1,000 Iridium-195 1,000
Tantalum-174 1,000 Platinum-186 1,000
Tantalum-175 1,000 Platinum-188 100
Tantalum-176 100 Platinum -189 1,000
Tantalum-177 1,000 Platinum-191 100
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Radionuclide Quantity Radionuclide Quantity
(jJeil " (jJei) os

Platinum-193m 100 Bismuth-212 10
Platinum-193 1,000 Bismuth-213 10
Platinum-195m 100 Bismuth-214 100
Platinum-197m 1,000 Polonium-203 1,000
Platinum-197 100 Polonium-205 1,000
Platinum-199 1,000 Polonium-207 1,000
Platinum-200 100 Polonium-210 0.1
Gold-193 1,000 Astatine-207 100
Gold-194 100 Astatine-211 10
Gold-195 10 Radon-220 1
Gold-198m 100 Radon-222 1
Gold-198 100 Francium-222 100
Gold-199 100 Francium-223 100
Gold-200m 100 Radium-223 0.1
Gold-200 1,000 Radium-224 0.1
Gold-201 1,000 Radium-225 0.1
Mercury-193m 100 Radium-226 0.1
Mercury-193 1,000 Radium-227 1,000
Mercury-194 1 Radium-228 0.1
Mercury-195m 100 Actinium-224 1
Mercury-195 1,000 Actinium-225 0.01
Mercury-197m 100 Actinium-226 0.1
Mercury-197 1,000 Actinium-227 0.001
Mercury-199m 1,000 Actinium-228 1
Mercury-203 100 Thorium-226 10
Thallium-194m 1,000 Thorium-227 0.01
Thallium-194 1,000 Thorium-228 0.001
Thallium-195 1,000 Thorium-229 0.001
Thallium-197 1,000 Thorium-230 0.001
Thallium-198m 1,000 Thorium-231 100
Thallium-198 1,000 Thorium-232 100
Thallium-199 1,000 Thorium-234 10
Thallium-200 1,000 Thorium-natural 100
Thallium-201 1,000 Protactinium-227 10
Thallium-202 100 Protactinium-228 1
Thallium-204 100 Protactinium-230 0.1
Lead-195m 1,000 Protactinium-231 0.001
Lead-198 1,000 Protactinium-232 1
Lead-199 1,000 Protactinium-233 100
Lead-200 100 Protactinium-234 100
Lead-201 1,000 Uranium-230 0.01
Lead-202m 1,000 Uranium-231 100
Lead-202 10 Uranium-232 0.001
Lead-203 1,000 Uranium-233 0.001
Lead-205 100 Uranium-234 0.001
Lead-209 1,000 Uranium-235 0.001
Lead-210 0.01 Uranium-236 0.001
Lead-211 100 Uranium-237 100
Lead-212 1 Uranium-238 100
Lead-214 100 Uranium-239 1,000
Bismuth-200 1,000 Uranium-240 100
Bismuth-201 1,000 Uranium-natural 100
Bismuth-202 1,000 Neptunium-232 100
Bismuth-203 100 Neptunium-233 1,000
Bismuth-205 100 Neptunium-234 100
Bismuth-206 100 Neptunium-235 100
Bismuth-207 10 Neptunium-236 0.001
Bismuth-210m 0.1 (1.15E+5)
Bismuth-210 1 Neptunium-236 (22.5h) 1
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Radionuclide

Neptunium-237
Neptunium-238
Neptunium-239
Neptunium-240
Plutonium-234
Plutonium-235
Plutonium-236
Plutonium-237
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Plutonium-243
Plutonium-244
Plutonium-245
Americium-237
Americium-238
Americium-239
Americium-240
Americium-241
Americium-242m
Americium-242
Americium-243
Americium-244m
Americium-244
Americium-245
Americium-246m
Americium-246
Curium-238
Curium-240
Curium-241
Curium-242
Curium-243
Curium-244
Curium-245
Curium-246
Curium-247
Curium-248
Curium-249
Berkelium-245
Berkelium-246
Berkelium-247
Berkelium-249
Berkelium-250
Californium-244
Californium-246
Californium-248
Californium-249
Californium-250
Californium-251
Californium-252
Californium-253
Californium-254
Einsteinium-250
Einsteinium-250
Einsteinium-251
Einsteinium-253
Einsteinium-254m
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Quantity
(fJCi) -.
0.001
10
100
1,000
10
1,000
0.001
100
0.001
0.001
0.001
0.01
0.001
1,000
0.001
100
1,000
100
1,000
100
0.001
0.001
10
0.001
100
10
1,000
1,000
1,000
100
0.1
1
0.01
0.001
0.001
0.001
0.001
0.001
0.001
1,000
100
100
0.001
0.1
10
100
1
0.01
0.001
0.001
0.001
0.001
0.1
0.001
100
100
100
0.1
1

103

Radionuclide

Einsteinium-254
Fermium-252
Fermium-253
Fermium-254
Fermium-255
Fermium-257
Mendelevium-257
Mendelevium-258

Quantity
(fJCi) -.
0.01
1
1
10
1
0.01
10
0.01
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Radionuclide

Any alpha-emitting
radionuclide not listed
above or mixtures of
alpha emitters of
unknown composition

Quantity
(fJCi) 'a

0.001

Radionuclide

Any radionuclide other
than alpha emitting
radionuclides not listed
above, or mixtures of
beta emitters of
unknown composition

Quantity
(fJCi) 'a

0.01

a The quantities listed above were derived by taking 1/10 of the most restrictive ALI listed in Table 1 Columns 1
and 2 of Schedule RHS 8-30 of this chapter, rounding to the nearest factor of 10, and arbitrarily constraining the
values listed between 0.001 and 1,000 fJCi (37 Bq and 37 MBq). Values of 100 fJCi (3.7 MBq) have been
assigned for radionuclides having a radioactive half-life in excess of 109 years, except rhenium, 1,000 fJCi (37
MBq), to take into account their low specific activity.

NOTE: For purposes of Rules 0400-20-02-.111, 0400-20-05-.114, and 0400-20-05-.140, where there is involved
a combination of radionuclides in known amounts, the limit for the combination shall be derived as follows:
determine, for each radionuclide in the combination, the ratio between the quantity present in the combination and
the limit otherwise established for the specific radionuclide when not in combination. The sum of such ratios for
all radionuclides in the combination may not exceed "1" -that is, unity.

'a To Convert )JCI to KBq, multiply the )JCI value by 37.
88-7039 (July 2010)
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SCHEDULE RHS 8-32
ASSIGNED PROTECTION FACTORS FOR RESPIRATORS'

Assigned
Operating Mode C Protection

Factors
I. Air-Purifying Respirators [Particulate"

onlYI c:

Filtering facepiece disposable' Negative Pressure (')
Facepiece, half e Negative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air-purifying respirators 50
Facepiece, full Powered air-purifying respirators 1000
Helmel/hood Powered air-purifying respirators 1000
Facepiece, loose-fitting Powered air-purifying respirators 25

II. Atmosphere-Supplying Respirators
[Particulate, gases and vapors fl:

1. Air-line respirator:
Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
Helmel/hood Continuous Flow 1000
Facepiece, loose-fitting Continuous Flow 25
Suit Continuous Flow (")

2. Self-contained breathing
apparatus (SCBA):

Facepiece, full Demand n 100
Facepiece, full Pressure Demand '10,000
Facepiece, full Demand, Recirculating n 100
Facepiece, full

Positive Pressure Recirculating '10,000

Any combination of air-purifying and Assigned protection factor for type and mode of
atmosphere-supplyinQ respirators operation as listed above

a These assigned protection factors apply only in a respiratory protection program that meets the
requirements of this chapter. They are applicable only to airborne radiological hazards and may not be
appropriate to circumstances when chemical or other respiratory hazards exist instead of, or in addition
to, radioactive hazards. Selection and use of respirators for such circumstances must also comply with U.
S. Department of Labor regulations. Radioactive contaminants for which the concentration values in
Table 1, Column 3 of schedule RHS 8-32 in this rule are based on internal dose due to inhalation may, in
addition, present external exposure hazards at higher concentrations. Under these circumstances,
limitations on occupancy may have to be governed by external dose limits.

b Air purifying respirators with APF <100 shall be equipped with particulate filters that are at least 95
percent efficient. Air purifying respirators with APF = 100 shall be equipped with particulate filters that are
at least 99 percent efficient. Air purifying respirators with APFs >100 shall be equipped with particulate
filters that are at least 99.97 percent efficient.

c The licensee may apply to the Division for the use of an APF greater than 1 for sorbent cartridges as
protection against airborne radioactive gases and vapors (e.g., radioiodine).

d Licensees may permit individuals to use this type of respirator who have not been medically screened or
fit tested on the device provided that no credit be taken for their use in estimating intake or dose. It is
also recognized that it is difficult to perform an effective positive or negative pressure pre-use user seal
check on this type of device. All other respiratory protection program requirements listed in Rule 0400­
20-05-.92 apply. An assigned protection factor has not been assigned for these devices. However, an
APF equal to 10 may be used if the licensee can demonstrate a fit factor of at least 100 by use of a
validated or evaluated, qualitative or quantitative fit test.
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e Under-chin type only. No distinction is made in this Schedule between elastomeric half-masks with
replaceable cartridges and those designed with the filter medium as an integral part of the facepiece (e.g.,
disposable or reusable disposable). Both types are acceptable so long as the seal area of the latter
contains some substantial type of seal-enhancing material such as rubber or plastic, the two or more
suspension straps are adjustable, the filter medium is at least 95 percent efficient and all other
requirements of this chapter are met.

f The assigned protection factors for gases and vapors are not applicable to radioactive contaminants that
present an absorption or submersion hazard. For tritium oxide vapor, approximately one-third of the
intake occurs by absorption through the skin so that an overall protection factor of 3 is appropriate when
atmosphere-supplying respirators are used to protect against tritium oxide. Exposure to radioactive noble
gases is not considered a significant respiratory hazard, and protective actions for these contaminants
should be based on external (submersion) dose considerations.

g No NIOSH approval schedule is currently available for atmosphere supplying suits. This equipment may
be used in an acceptable respiratory protection program as long as all the other minimum program
requirements, with the exception of fit testing, are met (i.e., Rule 0400-20-05-.92).

h The licensee should implement institutional controls to assure that these deVices are not used in areas
immediately dangerous to life or health (IDLH).

i . This type of respirator may be used as an emergency device in unknown concentrations for protection
against inhalation hazards. External radiation hazards and other limitations to permitted exposure such
as skin absorption shall be taken into account in these circumstances. This device may not be used by
any individual who experiences perceptible outward leakage of breathing gas while wearing the deVice.
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SCHEDULE RHS 8-33
REQUIREMENTS FOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE

FOR DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

I. Manifest.

A waste generator, collector, or processor who transports, or offers for transportation, low-level radioactive waste
intended for ultimate disposal at a licensed low-level radioactive waste land disposal facility shall prepare a
manifest. The manifest shall contain the information requested on applicable NRC Forms 540 (Uniform Low­
Level Radioactive Waste Manifest (Shipping Paper» and 541 (Uniform Low-Level Radioactive Waste Manifest
(Container and Waste Description» and, if necessary, on an applicable NRC Form 542 (Uniform Low-Level
Radioactive Waste Manifest (Manifest Index and Regional Compact Tabulation»). NRC Forms 540 and 540A
shall be completed and shall physically accompany the pertinent low-level waste shipment. Upon agreement
between shipper and consignee, NRC Forms 541 and 541A and 542 and 542A may be completed, transmitted
and stored in electronic media with the capability for producing legible, accurate and complete records of the
respective forms. Licensees are not required to comply with the manifesting requirements of this rule when they
ship:

1. LLW for processing and expect its return (i.e., for storage under their license) prior to disposal at a
licensed land disposal facility;

2. LLW that is being returned to the licensee who is the "waste generator" or "generator," as defined in this
rule; or

3. Radioactively contaminated material to a "'waste processor" that becomes the processor's "residual
waste."

For guidance in completing these forms, refer to the instructions that accompany the forms. Copies of manifests
required by this appendix may be legible carbon copies, photocopies or computer printouts that reproduce the
data in the format of the uniform manifest.

. NRC Forms 540, 540A, 541, 541A, 542 and 542A and the accompanying instructions, in hard copy, may be
obtained from the Information and Records Management Branch, Office of Information Resources Management,
U.S. Nuclear Regulatory Commission, Washington, DC 20555, telephone (301) 415-7232.

This appendix includes information requirements of the Department of Transportation, as codified in 49 CFR part
172. Information on hazardous, medical, or other waste, required to meet Environmental Protection Agency
regulations, as codified in 40 CFR parts 259, 261 or elsewhere, is not addressed in this rule and must be prOVided
on the required EPA forms. However, the required EPA forms shall accompany the Uniform Low-Level
Radioactive Waste Manifest required by this chapter.

As used in this appendix, the following definitions apply:

1. "Chelating agent" has the same meaning as that given in Rule 0400-20-11-.03.

2. "Chemical description" means a description of the principal chemical characteristics of a low-level
radioactive waste.

3. "Computer-readable medium" means that the regulatory agency's computer can transfer the information
from the medium into its memory.

4. "Consignee" means the designated receiver of the shipment of low-level radioactive waste.

5. "Decontamination facility" means a facility operating under a license issued by the Division, the U.S.
Nuclear Regulatory Commission, or another Agreement State, whose principal purpose is
decontamination of equipment or materials to accomplish recycle, reuse or other waste management
objectives and, for purposes of this rule, is not considered to be a consignee for LLW shipments.

6. "Disposal container" means a container principally used to confine low-level radioactive waste during
disposal operations at a land disposal facility (also see "high integrity container"). Note that for some
shipments, the disposal container may be the transport package.
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7. "EPA identification number" means the number received by a transporter following application to the
Administrator of EPA as required by 40 CFR 263.

8. "Generator" means a licensee operating under a license issued by the Division, the U.S. Nuclear
Regulatory Commission, or another Agreement State who:

a. Is a waste generator as defined in this rule, or

b. Is the licensee to whom waste can be attributed within the context of the Low-Level Radioactive
Waste Policy Amendments Act of 1985 (e.g., waste generated as a result of decontamination or
recycle activities).

9. "High integrity container" (HIC) means a container commonly designed to meet the structural stability
requirements of paragraph (7) of Rule 0400-20-11-.17 and to meet Department of Transportation
requirements for a Type A package.

10. "Land disposal facility" has the same meaning as that given in Rule 0400-20-11-.03.

11. "NRC Forms 540, 540A, 541, 541A, 542 and 542A" means official NRC Forms referenced in this
appendix. Licensees need not use originals of these NRC Forms as long as any substitute forms are
equivalent to the original documentation in respect to content, clarity, size and location of information.
Upon agreement between the shipper and consignee, NRC Forms 541 (and 541A) and NRC Forms 542
(and 542A) may be completed, transmitted and stored in electronic media. The electronic media shall
have the capability for producing legible, accurate and complete records in the format of the uniform
manifest.

12. "Package" means the assembly of components necessary to ensure compliance with the packaging
requirements of U.S. DOT regulations, together with its radioactive contents, as presented for transport.

13. "Physical description" means the items called for on NRC Form 541 to describe a low-level radioactive
waste.

14. "Residual waste" means low-level radioactive waste resulting from processing or decontamination
activities that cannot be easily separated into distinct batches attributable to specific waste generators.
This waste is attributable to the processor or decontamination facility, as applicable.

15.· "Shipper" means the licensed entity (I.e., the waste generator, waste collector, or waste processor) who
offers low-level radioactive waste for transportation, typically consigning this type of waste to a licensed
waste collector, waste processor, or land disposal facility operator.

16. "Shipping paper" means NRC Form 540 and, if required, NRC Form 540A which includes the information
required by U.S. DOT in 49 CFR 172.

17. "Source material" has the same meaning as that given in Rule 0400-20-05-.32.

18. "Special nuclear material" has the same meaning as that given in T.CA §68-202-202(1).

19. "Uniform Low-Level Radioactive Waste Manifest" (or "uniform manifest") means the combination of NRC
Forms 540, 541 and, if necessary, 542 and their respective continuation sheets as needed, or equivalent.

20. "Waste collector" means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, whose principal purpose is to collect and consolidate waste generated by
others and to transfer this waste, without processing or repackaging the collected waste, to another
licensed waste collector, licensed waste processor or licensed land disposal facility.

21. "Waste description" means the physical, chemical and radiological description of a low-level radioactive
waste as called for on NRC Form 541.

22. "Waste generator" means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, who:
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a. Possesses any material or component that contains radioactivity or is radioactively contaminated
for which the licensee foresees no further use. and:

b.· Transfers this material or component to a licensed land disposal facility or to a licensed waste
collector or processor for handling or treatment before disposal. A licensee performing
processing or decontamination services may be a "waste generator" if the transfer of low-level
radioactive waste from its facility is defined as "residual waste."

23. "Waste processor" means an entity. operating under a license issued by the Division. the U.S. NRC or
another Agreement State. whose principal purpose is to process. repackage or otherwise treat low-level
radioactive material or waste generated by others before eventual transfer of waste to a licensed low­
level radioactive waste land disposal facility.

24. "Waste type" means a waste within a disposal container having a unique physical description (i.e.. a
specific waste descriptor code or description; or a waste sorbed on or solidified in a specifically defined
media).

Information Requirements

A. General Information

The shipper of the radioactive waste shall provide the following information on the uniform manifest:

1. The name. facility address and telephone number of the licensee shipping the waste.

2. An explicit declaration indicating whether the shipper is acting as a waste generator. collector.
processor. or a combination of these identifiers for the purposes of the manifested shipment; and

3. The name. address and telephone number. or the name and U.S. EPA hazardous waste
identification number for the carrier transporting the waste to the land disposal facility.

B. Shipment Information

The shipper of the radioactive waste shall provide the following information regarding the waste shipment on the
uniform manifest:

1. The date of the waste shipment;

2. The total number of packages/disposal containers;

3. The total disposal volume and disposal weight in the shipments;

4. The total radionuclide activity in the shipment;

5. The activity of each of the radionuclides H-3. C-14. Tc-99. and 1-129 contained in the shipment;
and

6. The total masses of U-233. U-235. and plutonium in special nuclear material. and the total mass
of uranium and thorium in source material.

C. Disposal Container and Waste Information.

The shipper of the radioactive waste shall provide the following information on the uniform manifest regarding the
waste and each disposal container of waste in the shipment:

1. An alphabetic or numeric identification that uniquely identifies each disposal container in the
shipment;

2. A physical description of the disposal container. including the manufacturer and model of any
high integrity container;
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3. The volume displaced by the disposal container;

4. The gross weight of the disposal container, including the waste;

5. For waste consigned to a disposal facility, the maximum radiation level at the surface of each
disposal container;

6. A physical and chemical description of the waste;

7. The total weight percentage of chelating agent for any waste containing more than 0.1 percent
chelating agent by weight, plus the identity of the principal chelating agent;

8. The approximate volume of waste within a container;

9. The sorbing or solidification media, if any, and the identity of the solidification media vendor and
brand name;

10. The identities and activities of individual radionuclides contained in each container, the masses of
U-233, U-235 and plutonium in special nuclear material, and the masses of uranium and thorium
in source material. For discrete waste types (i.e., activated materials, contaminated equipment,
mechanical filters, sealed source/devices and wastes in solidification/stabilization media), the
identities and activities of individual radionuclides associated with or contained on these waste
types within a disposal container shall be reported;

11. The total radioactivity within each container; and

12. For wastes consigned to a disposal facility, the classification of the waste under paragraph (6) of
Rule 0400-20-11-.17. Waste not meeting the structural stability requirements of subparagraph
(7)(b) of Rule 0400-20-11-.17 shall be identified.

D. Uncontainerized Waste Information.

The shipper of the radioactive waste shall provide the following information on the uniform manifest regarding a
waste shipment delivered without a disposal container:

1. The approximate volume and weight of the waste;

2. A physical and chemical description of the waste;

3. The total weight percentage of chelating agent if the chelating agent exceeds 0.1 % by weight,
plus the identity of the principal chelating agent;

4. For waste consigned to a disposal facility, the classification of the waste under paragraph (6) of
Rule 0400-20-11-.17. Waste not meeting the structural stability requirements of sUbparagraph
(7)(b) of Rule 0400-20-11-.17 shall be identified;

5. The identities and activities of individual radionuclides contained in the waste, the masses of U­
233, U-235 and plutonium in special nuclear material, and the masses of uranium and thorium in
source material; and

6. For wastes consigned to a disposal facility, the maximum radiation levels at the surface of the
waste.

E. Multi-Generator Disposal Container Information.

This section applies to disposal containers enclosing mixtures of waste originating from different generators.
(Note: The origin of the LLW resulting from a processor's activities may be attributable to one or more
"generators" (including "waste generators") as defined in this rule). It also applies to mixtures of wastes shipped
in an uncontainerized form, for which portions of the mixture within the shipment originate from different
generators.
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1. For homogeneous mixtures of waste, such as incinerator ash, provide the waste description applicable to
the mixture and the volume of the waste attributed to each generator.

2.. ' For heterogeneous mixtures of waste, such as the combined products from a large compactor, identify
each generator contributing waste to the disposal container and, for discrete waste types (i.e., activated
materials, contaminated equipment, mechanical filters, sealed source/devices and wastes in
solidifioation/stabilization media), the identities and activities of individual radionuclides contained on
these waste types within the disposal container. For each generator, provide the following:

a. The volume of waste within the disposal container;

b. A physical and chemical description of the waste, including the solidification agent, if any;

c. The total weight percentage of chelating agents for any disposal container containing more than
0.1 percent chelating agent by weight, plus the identity of the principal chelating agent;

d. The sorbing or solidification media, if any, and the identity of the solidification media vendor and
brand name if the media is claimed to meet stability requirements in subparagraph (7)(b) of Rule
0400-20-11-.17; and

e. Radionuclide identities and activities contained in the waste, the masses of U-233, U-235 and
plutonium in special nuclear material, and the masses of uranium and thorium in source material
if contained in the waste.

II. Certification.

An authorized representative of the waste generator, processor, or collector shall certify by signing and dating the
shipment manifest that the transported materials are properly classified, described, packaged, marked and
labeled and are in proper condition for transportation according to the applicable regulations of the U.S.
Department of Transportation, the U.S. Nuclear Regulatory Commission and the Division of Radiological Health.
A collector, in signing the certification, is certifying that nothing has been done to the collected waste that would
invalidate the waste generator's certification.

III. Control and Tracking.

A. Any licensee who transfers radioactive waste to a land disposal facility or a licensed waste collector shall
comply with the requirements in paragraphs A.1 through 9 of this section. Any licensee who transfers
waste to a licensed waste processor for waste treatment or repackaging shall comply with the

. requirements of paragraphs A.4 through 9 of this section. A licensee shall:

1. Prepare all waste so that the waste is classified according to paragraph (6) of Rule 0400-20-11­
.17 and meets the waste characteristics requirements in paragraph (7) of Rule 0400-20-11-.17;

2. Label each disposal container (or transport package if potential radiation hazards preclude
labeling of the individual disposal container) of waste to identify whether it is Class A waste, Class
B waste, Class C waste or greater than Class C waste, in accordance with paragraph (6) of Rule
0400-20-11-.17;

3. Conduct a quality assurance program to assure compliance with paragraphs (6) and (7) of Rule
0400-20-11-.17 (the program shall include management evaluation of audits);

4. Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required by this appendix;

5. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.
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c. Using both a. and b. is also acceptable;

6. . Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in part 5 of this subparagraph;

7. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

8. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 0400-20-10; and

9. For any shipments or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
Section III.E. of this Schedule.

B. Any waste collector licensee who handles only prepackaged waste shall:

1. Acknowledge receipt of the waste from the shipper within one week of receipt by returning a
signed copy of NRC Form 540;

2. Prepare a new manifest to reflect consolidated shipments that meet the requirements of this
appendix. The waste collector shall ensure that, for each container of waste in the shipment, the
manifest identifies the generator of that container of waste;

3. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c. Using both a. and b. is also acceptable;

4. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in part 3 of this subparagraph;

5. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

6. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 0400-20-10;

7. . For any shipments or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
Section III.E. of this Schedule; and

8. Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

C. Any licensed waste processor who treats or repackages waste shall:

1. Acknowledge receipt of the waste from the shipper within 1 week of receipt by returning a signed
copy of NRC Form 540;

2. Prepare a new manifest that meets the requirements of this appendix. Preparation of the new
manifest reflects that the processor is responsible for meeting these requirements. For each
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container of waste in the shipment, the manifest shall identify the waste generators, the
preprocessed waste volume and the other information reqUired in Section I.E. of this Schedule;

3. Prepare all waste so that the waste is classified according to paragraph (6) of Rule 0400-20-11­
.17 and meets the waste characteristics requirements in paragraph (7) of Rule 0400-20-11-.17;

4. Label each package of waste to identify whether it is Class A waste, Class B waste, or Class C
waste, in accordance with paragraphs (6) and (8) of Rule 0400-20-11-.17;

5. Conduct a quality assurance program to assure compliance with paragraphs (6) and (7) of Rule
0400-20-11-.17 (the program shall include management evaluation of audits);

6. . Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c. Using both a. and b. is also acceptable;

7. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in Subsection III.C.6 of this Schedule;

8. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

9. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 0400-20-10;

10. For any shipment or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
Section III.E. of this Schedule; and

11. Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

D. The land disposal facility operator shall:

1. Acknowledge receipt of the waste within 1 week of receipt by returning, as a minimum, a signed
copy of NRC Form 540 to the shipper. The shipper to be notified is the licensee who last
possessed the waste and transferred the waste to the operator. If any discrepancy exists
between materials listed on the Uniform Low-Level Radioactive Waste Manifest and materials
received, copies or electronic transfer of the affected forms must be returned indicating the
discrepancy;

2. Maintain copies of all completed manifests and electronically store the information required by
paragraph (1) of Rule 0400-20-11-.19 until the Division terminates the license; and

3. Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

E. Any shipment or part of a shipment for which acknowledgement is not received within the times set forth
in this section shall:

1. Be investigated by the shipper if the shipper has not received notification or receipt within 20 days
after transfer; and
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2. Be traced and reported. The investigation shall include tracing the shipment and filing a report
with the Director, Division of Radiological Health, at the address given In Rule 0400-20-04-.07.
Each licensee who conducts a trace investigation shall file a written report with the Division within
2 weeks of completion of the investigation.

Authority: T.GA §§ 68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq.

0400-20-05-.162 Type X Quantities and Transport Groups.

(1) Transport group as used in this rule means anyone of seven groups into which radionuclides in normal
form are classified, according to their toxicity and their relative potential hazard in transport, in Table RHS
2-3.

(a) Any radionuclide, not specifically listed in one of the groups in Table RHS 2-3 shall be assigned
to one of the groups in accordance with Table RHS 2-2.

(b) For mixtures of radionuclides the following shall apply:

1. If the identity and respective activity of each radionuclide are known, the permissible
activity of each radionuclide shall be such that the sum, for all groups present, of the ratio
between the total activity for each group to the permissible activity for each group will not
be greater than unity.

2. If the groups of the radionuclides are known, but the activity in each group cannot be
reasonably determined, the mixture shall be assigned to the most restrictive group
present.

3. If the identity of all or some of the radionuclides cannot be reasonably determined, each
of the unidentified radionuclides shall be considered as belonging to the most restrictive
group that cannot be positively excluded.

4. Mixtures consisting of a single radioactive decay chain where the radlonuclides are in the
naturally occurring proportions shall be considered as consisting of a single radionuclide.
The group and activity shall be that of the first member present in the chain, except that if
a radionuclide "x" has a half-life longer than that of the first member and an activity
greater than that of any other member, including the first, at any time during
transportation, the group of the nuclide "x" and the activity of the mixture shall be the
maximum activity of that nuclide "x" during transportation.

TABLE RHS 2-1
TYPE X QUANTITIES

Type X
Transport Quantity Limit
Group ... .__",(i",n.::;.cur.",ie",s:L)_' _
I 0.001
II 0.050
III 3
IV 20
V 20
VI 1,000
VII 1,000
.§f?eciaIForfi2: ..~_~2~0 ~
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1,000 days to one
million years

Radionuclide

TABLE RHS 2-2
.·=~~"~C~~"_~=c~~~,~_,,"""

Radioactive half-life

Ot01,OOO
days

over one
million years

88-7039 (July 2010)

Atomic
Number 1-81
Atomic
Number 82 and
OV;;:,e~r_~

Group III

Group I

115

Group II

Group I

Group III

Group III

RDA 1693



Argon (18)

Arsenic (33)

Cesium (55)

Calcium (20)

Americium (95)

Antimony (51)

Californium (98)

Astatine (85)
Barium (56)

Berkelium (97)
Beryllium (4)
Bismuth (83)

Carbon (6)
Cerium (58)

Chlorine (17)

Bromine (35)
Cadmium (48)

Chromium (24)
Cobalt (27)

TABLE RHS 2-3 TRANSPORT GROUPING OF RADIONUCLIDES

&~'=~~====~__, Radion~s;li(je""'"""'-"""=~~~~~~L_" ,,"""==_
Actinium (89) Ac-227 I

Ac-228 I
Am-241 I
Am-243 I
Sb-122 IV
Sb-124 III
Sb-125 III
Ar--37 VI
Ar-41 II
Ar-41 (uncompressed) V
As-73 IV
As-74 IV
As-76 IV
As-77 IV
At-211 III
Ba-131 IV
Ba-133 II
Ba-140 III
Bk-249 I
Be-7 IV
Bi-206 IV
Bi-207 III
Bi-210 II
Bi-212 III
Br-82 IV
Cd-109 IV
Cd-115 m III
Cd-115 IV
Ca-45 IV
Ca-47 IV
Cf-249 I
Cf-250 I
Cf-252 I
C-14 IV
Ce-141 IV
Ce-143 IV
Ce-144 III
Cs-131 IV
Cs-134 m III
Cs-134 III
Cs-135 IV
Cs-136 IV
Cs-137 III
CI-36 III
CI-38 IV
Cr-51 IV
Co-56 III
Co-57 IV
Co-58 m IV
Co-58 IV
Co-60 III

..~tomicnumber shown in parentheses.
Atomic weight shown after the radionuclide symbol.

Uncompressed means at a pressure not exceeding one atmosphere.
m Metastable Stale,

m Metastable State.
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IV
III

IV
IV
IV
III

III

III

III

IV
III
IV
IV
IV
III

IV
IV
IV
III

V
III

II
V
IV
IV
II

Dysprosium (66)

Hafnium (72)
Holmium (67)
Hydrogen (1)
Indium (49)

Iridium (77)

Gallium (31)

Fluorine (9)
Gadolinium (64)

Erbium (68)

Germanium (32)
Gold (79)

Europium (63)

Iron (26)

Lanthanum (57)
Lead (82)

Iodine (53)

Krypton (36)

~~~~i;;i;;I:===~:":~::~":=_::~::=:: ·::R~(jTQl1uclide-n~_=_~~~=:=::=~::i3i()~p_===:~:-~·
Copper (29) Cu-64 IV
Curium (96) Cm-242 I

Cm-243 I
Cm-244 I
Cm·-245 I
Cm-246 I
Dy-154 III

Dy-165 IV
Dy-166 IV
Er-169 IV
Er-171 IV
Eu-130 III

Eu-152m IV
Eu-152 III

Eu-154 II
Eu-1~ W
F-18 IV
Gd-153 IV
Gd-159 IV
Ga-67 III

Ga-72 IV
Ge-71 IV
Au-193 III

Au-194 III

Au-195 III
Au-196 IV
Au-198 IV
Au-199 IV
Hf-181 IV
Ho-166 IV
H-3 (see tritium)
In-113 m

In-114 m

In-115 m

In-115
1-124
1-125
1-126
1-129
1-131
1-132
1-133
1-134
1-135
Ir-190
Ir-192
Ir-194
Fe-55
Fe-59
Kr-85 m

Kr-85 m (uncompressed) ..
Kr-85
Kr-85 (uncompressed)
Kr-87 (uncompressed)
La-140
Pb-203
Pb-21 0
Pb-212
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Promethium (61)

Protactinium (91)

Praseodymium (59)

Mo-99
Nd-147
Nd-149
Np-237
Np-239
NI-56
Ni-59
Ni-63
Ni-65
Nb-93 m

Nb-95
Nb-97
Os-185
Os-191 m

Os-191
Os-193
Pd-103
Pd-109
P-32
Pt-191
Pt-193
Pt-193 m

Pt-197 m

Pt-197
Pu-238(FI
Pu-239(FI
Pu-240
Pu-241 1f1

Pu-242
Po-21 0
K-42
K-43
Pr-142
Pr-143
Pm-147
Pm-149
Pa-230
Pa-231
Pa-233
Ra-223
Ra-224
Ra-226
Ra-228
Rn-220
Rn-222
Re-183

~~~ ~__R_ad_i()!luclide ~____ ~ __~__Gro_lJP__ ~

Lu-172 IV
Lu-177 IV
Mg-28 IV
Mn-52 IV
Mn-54 IV
Mn-56 IV
Hg-197 m IV
Hg-197 IV
Hg-203 IV

II
IV
IV
IV
I
I
III
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
I
IV
IV
I
I
I
I
I
I
IV
III
IV
IV
IV
IV
I
I
II
II
II
I
I
IV
II
IV

Mercury (80)

Osmium (76)

Polonium (84)
Potassium (19)

Plutonium (94)

Nickel (28)

Mixed fission products (MFP)
Molybdenum (42)
Neodymium (60)

Neptunium (93)

Magnesium (12)
Manganese (25)

Niobium (41)

Palladium (46)

Phosphorus (15)
Platinum (78)

Radon (86)

Rhenium J75)

Radium (88)

Element-----"...-
Lutetium (71)

m Metastable State.
(F) Fissile material.
{F} Fissile material.
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Re-186
Re-187 IV
Re-188 IV
Re Natural IV

Rhodium (45) Rh-103 m IV
Rh-105 IV

Rubidium (37) Rb-86 IV
Rb-87 IV
Rb Natural IV

Ruthenium (44) Ru-97 IV
Ru-103 IV
Ru-105 IV
Ru-106 III

Samarium (62) Sm-145 III

Sm-147 III

Sm-151 IV
Sin-153 IV

Scandium (21) Sc-46 III

Sc-47 IV
Sc-48 IV

Selenium (34) Se-75 IV
Silicon (14) Si-31 IV
Silver (47) Ag-105 IV

Ag-110 m
III

Ag-111 IV
Sodium (11) Na-22 III

Na-24 IV
Strontium (38) Sr-85 m IV

Sr-85 IV
Sr-89 III

Sr-90 II
Sr-91 III

Sr-92 IV
Sulfur (16) S-35 IV
Tantalum (73) Ta-182 III

Technetium (43) Tc_96 'O IV
Tc-96 IV
Tc-97 m IV
Tc-97 IV
Tc-99 m IV
Tc-99 IV

Tellurium (52) Te-125 m IV
Te-127 m IV
Te-127 IV
Te-129 m

III

Te-129 IV
Te-131 m III

Te-132 IV
Terbium (65) Tb-160 III

Thallium (81) TI-200 IV
TI-201 IV
TI-202 IV
TI-204 III

Thorium (90) Th-227 II
Th-228 I
Th-230 I

I

m Metastable State.
to Metasable State
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Tin (50)

Zinc (30)

Tritium (1)

Xenon (54)

Thulium (69)

Tungsten (74)

Uranium (92)

Vanadium (23)

Ytterbium (70)
yttrium (39)

Zirconium (40)

~·_Eje_61:e_nt~=·=·~·_·~~~=:-~::~·:=::~~(ii~~uciide===_:-~=~_·= :==Gr2~~:=·==-==_=~~··:-
Th-232 III
Th-234 II
Th Natural III
Tm-168 III
Tm-170 III
Tm-171 IV
Sn-113 IV
Sn-117 m III
Sn-121 III
Sn-125 IV
H-3 IV
H-3 (as a gas, as luminous paint,
or absorbed on solid material) VII
W-181 IV
W-185 IV
W-187 IV
U-230 II
U-232 I
U-233 (f) II
U-234 II
U-235 (F) III
U-236 II
U-238 III
U Natural III
U Enriched tf) III
U Depleted III
V--48 IV
V--49 III
Xe-125 III
Xe-131 m III
Xe-131 m (uncompressed)" V
Xe-133 III
Xe-133 (uncompressed) VI
Xe-135 II
Xe-135 (uncompressed) V
Yb-175 IV
Y-SS III
Y-90 IV
Y-91 m III
Y-91 III
Y-92 IV
Y-93 IV
Zn-65 IV
Zn-69 m IV
Zn-68 IV
Zn-69 IV
Zr-93 IV
Zr-95 III

Authority: T.GA §§ 68-202-201 et seq. and 4-5-201 et seq.

120

(F) Fissile material.
.. Uncompressed means at a pressure not exceeding one atmosphere.
m Metastable State.
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0400-20-05-.163 Reports of Transactions Involving Nationally Tracked Sources.

Each licensee who manufactures, transfers, receives, disassembles, or disposes of a nationally tracked source
shall complete and submit to the NRC a National Source Tracking Transaction Report as specified in paragraphs
(1) through (5) of this rule for each type of transaction.

(1) Each licensee who manufactures a nationally tracked source shall complete and submit a National
Source Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The manufacturer, model, and serial number of the source;

(d) The radioactive material in the source;

(e) The initial source strength in becquerels (curies) at the time of manufacture; and

(I) The manufacture date of the source.

(2) Each licensee that transfers a nationally tracked source to another person shall complete and submit a
National Source Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The name and license number of the recipient facility and the shipping address;

(d) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(e) The radioactive material in the source;

. (f) The initial or current source strength in becquerels (curies);

(g) The date for which the source strength is reported;

(h) The shipping date;

(i) The estimated arrival date; and

OJ For nationally tracked sources transferred as waste under a Uniform Low-Level Radioactive
Waste Manifest, the waste manifest number and the container identification of the container with
the nationally tracked source.

(3) Each licensee that receives a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The name, address, and license number of the person that provided the source;

(d) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(e) The radioactive material in the source;
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(I) The initial or current source strength in becquerels (curies);

(g) The date for which the source strength is reported;

(h) The date of receipt; and

(i) For material received under a Uniform Low-Level Radioactive Waste Manifest, the waste
manifest number and the container identification with the nationally tracked source.

(4) Each licensee that disassembles a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(d) The radioactive material in the source;

(e) The initial or current source strength in becquerels (curies);

(I) The date for which the source strength is reported;

(g) The disassemble date of the source.

(5) Each licensee who disposes of a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The waste manifest number;

(d) The container identification with the nationally tracked source;

(e) The date of disposal; and

(I) The method of disposal.

(6) The National Source Tracking Transaction Report discussed in paragraphs (1) through (5) of this rule
must be submitted to the U.S. NRC by the close of the next business day after the transaction. A single
report may be submitted for multiple sources and transactions. The reports must be submitted to the
National Source Tracking System by using:

(a) The on-line National Source Tracking System;

(b) Electronically using a computer-readable format;

(c) By facsimile;

(d) By mail to the address on the NRC Form 748 National Source Tracking Transaction Report Form;
or

(e) By telephone with follow up by facsimile or mail.

(7) Each licensee shall correct any error in previously filed reports or file a new report for any missed
transaction within 5 business days of the discovery of the error or missed transaction. Such errors may
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be detected by a variety of methods such as administrative reviews or by physical inventories required by
regulation. In addition, each licensee shall reconcile the inventory of nationally tracked sources

. possessed by the licensee against that licensee's data in the National Source Tracking System. The
reconciliation must be conducted during the month of January in each year. The reconciliation process
must include resolving any discrepancies between the National Source Tracking System and the actual
inventory by filing the reports identified by paragraphs (1) through (5) of this rule. By January 31 of each
year, each licensee must submit to the National Source Tracking System confirmation that the data in the
National Source Tracking System is correct.

Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

0400-20-05-.164 Nationally tracked source Thresholds.

The Terabecquerel (TBq) values are the regulatory standard. The curie (Ci) values specified are obtained by
converting from the TBq value. The curie values are provided for practical usefulness only and are rounded after
conversion.

Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

0400-20-05-.165 Report, Notification, and Records of a Dose to an Embryo/Fetus or a Nursing Child.

(1) A licensee or registrant shall report to the Division at the address listed in Rule 0400-20-04-.07, any dose
to an embryo/fetus that is greater than 50 mSv (5 rem) dose equivalent that is a result of an
administration of radioactive material or radiation from radioactive material to a pregnant individual unless

88-7039 (July 2010)
123

RDA 1693



the dose to the embryo/fetus was specifically approved, in advance, by the authorized user.

(2) A licensee or registrant shall report any dose to a nursing child, that was not specifically approved, in
advance, by the authorized user, that is a result of an administration of radioactive material to a breast­
feeding individual that:

(a) Is greater than 50 mSv (5 rem) total effective dose equivalent; or

(b) Has resulted in unintended permanent functional damage to an organ or a physiological system
of the child, as determined by a physician.

(3) A licensee or registrant shall notify the Division at the number given in Rule 0400-20-04-.07 no later than
the next calendar day after discovery of a dose to the embryo/fetus or nursing child that requires a report
in paragraph (1) or (2) of this rule.

(4) A licensee or registrant shall submit a written report to the Division within 15 days after discovery of a
dose to the embryo/fetus or nursing child that requires a report in paragraph (1) or (2) of this rule.

(a) The written report must include:

1. The licensee or registrant's name;

2. The name of the prescribing physician;

3. A brief description of the event;

4. Why the event occurred;

5. The effect, if any, on the embryo/fetus or the nursing child;

6. What actions, if any, have been taken or are planned to prevent recurrence; and

7. Certification that the licensee or registrant notified the pregnant individual or mother (or
the mother's or child's responsible relative or guardian), and if not, why not.

(b) The report must not contain the individual's or child's name or any other information that could
lead to identification of the individual or child.

(5) A licensee or registrant shall provide notification of the event to the referring physician and also notify the
pregnant individual or mother, both hereafter referred to as the mother, no later than 24 hours after
discovery of an event that would require reporting under paragraph (1) or (2) of this rule, unless the
referring physician personally informs the licensee or registrant either that they will inform the mother or
that, based on medical judgment, telling the mother would be harmful. The licensee or registrant is not
required to notify the mother without first consulting with the referring physician. If the referring physician
or mother cannot be reached within 24 hours, the licensee or registrant shall make the appropriate
notifications as soon as possible thereafter. The licensee or registrant may not delay any appropriate
medical care for the embryo/fetus or for the nursing child, including any necessary remedial care as a
result of the event, because of any delay in notification. To meet the requirements of this paragraph, the
notification may be made to the mother's or child's responsible relative or guardian instead of the mother.
If a verbal notification is made, the licensee or registrant shall inform the mother, or the mother's or child's
responsible relative or guardian, that a written description of the event can be obtained from the licensee
upon request. The licensee or registrant shall provide a written description if requested.

(6) A licensee or registrant shall retain a record of a dose to an embryo/fetus or a nursing child in accordance
with this rule for 3 years. A copy of the record required shall be provided to the referring physician, if
other than the licensee or registrant, no later than 15 days after the discovery of the event. The record
must contain the licensee or registrant's name; names of all the individuals involved; social security
number or other identification number if one has been assigned to the pregnant individual or nursing child
who is the subject of the event; a brief description of the event; why it occurred; the effect, if any, on the
embryo/fetus or nursing child; the actions, if any, taken, or planned, to prevent recurrence; and whether
the licensee or registrant notified the pregnant individual or mother (or the mother's or child's responsible
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relative or guardian) and, if not, whether such failure to notify was based on guidance from the referring
physician.

Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.
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I certify that this is an accurate and complete copy of rulemaking hearing rules, lawfully promulgated and adopted
by the Commissioner on.Dll~01I,and is in compliance with the provisions of TCA 4-5-222.
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I further certify the following:

Notice of Rulemaking Hearing filed with the Department of State on: 06/03/11
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State of Tennessee and are approved as to legality pursuant to the provisions of the Administrative Procedures
Act, Tennessee Code Annotated, Title 4, Chapter 5.

f~:Xert i;:oper, Jr.
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Public Hearing Comments

One copy of a document containing responses to comments made at the public hearing must accompany the
filing pursuant to T.GA §4-5-222. Agencies shall include only their responses to public hearing comments, which
can be summarized. No letters of inquiry from parties questioning the rule will be accepted. When no comments
are received at the public hearing; the agency need only draft a memorandum stating such and include it with the
Rulemaking Hearing Rule filing. Minutes of the meeting will not be accepted. Transcripts are not acceptable.

No comments were received during the comment period.
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Regulatory Flexibility Addendum
Pursuant to T.CA § 4-5-401 through 4-5-404, prior to initiating the rule making process as described in T.CA
§ 4-5-202(a)(3) and T.CA § 4-5-202(a), all agencies shall conduct a review of whether a proposed rule or rule
affects small businesses.

(If applicable, insert Regulatory Flexibility Addendum here)

(1) The type or types of small business and an identification and estimate of the number of small businesses
subject to the proposed rule that would bear the cost of, or directly benefit from the proposed rule:

This rulemaking that changes the rule numbers from Chapter 1200-20-05 and that makes other
housekeeping changes makes no substantive changes. Therefore, there is no impact on small business.

(2) The projected reporting, recordkeeping, and other administrative costs required for compliance with the
proposed rule, including the type of professional skills necessary for preparation of the report or record:

There are no projected additional reporting, recordkeeping or administrative costs as a result of this
rulemaking.

(3) A statement of the probable effect on impacted small businesses and consumers:

There is no expected adverse affect on small businesses as a result of this rulemaking.

(4) A description of any less burdensome, less intrusive or less costly alternative methods of achieving the
purpose and objectives of the proposed rule that may exist, and to what extent the alternative means
might be less burdensome to small business:

The Department is unaware of alternatives to the proposed rules.

(5) A comparison of the proposed rule with any federal or state counterparts:

There is no exact match with any federal or state counterparts.

(6) Analysis of the effect of the possible exemption of small businesses from all or any part of the
requirements contained in the proposed rule.

Due to the administrative nature of this rulemaking small businesses could not be exempt from this
rulemaking.
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Impact on Local Governments

. Pursuant to T.CA 4-5-220 and 4-5-228 "any rule to proposed to be promulgated shall state in a simple
declarative sentence, without additional comments on the merits of the policy of the rules or regulation, whether
the rule or regulation may have a projected impact on local governments." (See Public Chapter Number 1070
(http://state.tn.us/sos/acts/106/pub/pc1070.pdf) of the 2010 Session of the General Assembly)

The Department does not anticipate that these amended rules will have a financial impact on local governments.
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Additional Information Required by Joint Government Operations Committee

All agencies, upon filing a rule, must also submit the following pursuant to TCA 4-5-226(1)(1).

(A) A brief summary of the rule and a description of all relevant changes in previous regulations effectuated by
such rule;

These rulemaking changes reflect a reorganization of all TDEC rules In order to be more logical and user
friendly. This rulemaking affects Chapters 1200-02-04,1200-02-05, 1200-02-06, 1200-02-07, 1200-02-08, 1200­
02-09,1200-02-10,1200-02-11 and 1200-02-12. Its various additions and modifications will incorporate:

a. Changes to the numbering designation of Radiological Health rules from 1200-02 to 0400-20.

b. Correcting typographical errors throughout all Chapters.

c. Deletinq obsolete lanquaqe.

(8) A citation to and brief description of any federal law or regulation or any state law or regulation mandating
promulgation of such rule or establishing guidelines relevant thereto;

These rules are promulgated under the authorities of T.CA §§ 68-202-101 et seq., 68-202-201 et seq. and 4-5­
201 et se .

(C) Identification of persons, organizations, corporations or governmental entities most directly affected by this
rule, and whether those persons, organizations, corporations or governmental entilies urge adoption or
rejection of this rule;

All licensees and Registrants will be affected by these amendments. The Division did not receive any
comments ur in the ado tion or re·ection of these amendments.

(0) Identification of any opinions of the attorney general and reporter or any judicial ruling that directly relates to
the rule;

I The Department is not aware of any.

(E) An estimate of the probable increase or decrease in state and local government revenues and expenditures,
if any, resulting from the promUlgation of this rule, and assumptions and reasoning upon which the estimate
is based. An agency shall not state that the fiscal impact is minimal if the fiscal impact is more than two
percent (2%) of the agency's annual bUdget or five hundred thousand dollars ($500,000), whichever is less;

I The Department is not aware of any.

(F) Identification of the appropriate agency representative or representatives, possessing substantial knowledge
and understanding of the rule;

Beth Murphy
Division of Radiological Health
3rd Floor L & C Tower 401 Church Street
Nashville, Tennessee 37243-1532

(G) Identification of the appropriate agency representative or representatives who will explain the rule at a
scheduled meeting of the committees;

Alan M. Leiserson
Legal Services Director
Office of General Counsel

(H) Office address, telephone number, and email address of the agency representative or representatives who
will explain the rule at a scheduled meeting of the committees; and
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Office of General Counsel
Tennessee Department of Environment and Conservation
20lh Floor L & C Tower
Nashville, Tennessee 37243-1548
(615) 532-0131
Alan.Leiserson@tn.gov

(I) Any additional information relevant to the rule proposed for continuation that the committee requests.

I The Department is not aware of any.
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Chapter Number Chapter Title
~400-20-05 Standards for Protection Against Radiation

Rule Number Rule Title
0400-20-05-.01

through
0400-20-05-.29 Reserved
0400-20-05-.30 Purpose
0400-20-05-.31 Scope
0400-20-05-.32 Definitions
0400-20-05-.33 Units of Radiation Dose
0400-20-05-.34 Units of Radioactivitv
0400-20-05-_35 Communications
0400-20-05-.36

through
0400-20-05-.39 Reserved
0400-20-05-.40 Radiation Protection Programs
0400-20-05-.41

through
0400-20-05-.49 Reserved
0400-20-05-.50 Occupational Dose Limits for Adults

-
0400-20-05-.51 Compliance with Re~ements for Summation of External and Internal Doses
0400-20-05-.52 Determination of External Dose from Airborne Radioactive Material

-

0400-20-05-.53 Determination of Internal Exposure --
0400-20-05-.54 Planned Special Exposures
0400-20-05-.55 Occupational Dose Limits for Minors

-
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: Reserved- -j._.__ .. _._ .._--_._ ..-._._ _--_ _---_._ __._---_.._ _---_._._._--_._.. __ _-_.__._._--_._-----_._-_._-----_._---- - _ _..-

'1 General Survey and tvl0.nitoring. Requirements
, Conditions Reguiring Individual Monitoring of E'xiernaland internal Occupational Dose
i-----------~~--- ---- - - - ------~-"-----.----- ------- -------- -------- --- -----------

: 0400-20-05-.56 "'1 DR'·oessee·.rvioe··adn Embryo/Fetus. ..- - - --.--
.. 0400-20-05-.57

1~:~~:~~:-~~:j~j~~J~?R~gLJiringFurnishing o{Sioassay SerVices~ ..... . ...~ ... - .

r§:~t~~:~;:;~~ I~~;p~~~~;~~~n~~~~u~i~~;!~~~df:i~~~IP~~~bE).rS.0flhflf'ublic .
, 0400-20-05-.62

through
i 0400-20-05-.69
i 0400-20-05-.70
I 0400-20-05-.71
: 0400-20-05:.72

through
i 0400-20-05-,79 . Reserved
· 0400-20-05-80 I Control-ofAccess-t2~V~-rY:Hi911Radiation Area RequirEHllents

0400-20-05-.81 I Control of Access to Very High Radiation Areas.

:_~~~~~~~~~;:~; 'j C()ntrol ()f Accessto_\lery_Hig_h Radiati()ni\rE)as~lrladi<:ltors... . _

; 0400-20-05-.89 I Reserved _ .. _.... .
f 0400-20-05-.90 I Use of Process or Other Engineering Contr()ls
i 0400-20-05-.91 1 Useo.fOther.c;.0ntr°ls__. . _ .. _--~
,0400-20~O.5-,92 . ILJse_of Individual RespiratorY£'iotection Equipment ....
i 0400-20-05-.93 'ji. Further Restrictions on .theUse of Respiratory Protection Equipment
! 0400-1()-O~:>J."- ._. _ .l\l'lplicil.tion.tor IJsE) 0LHiRheri\s.s.ig_neci Protection Fact()rs..... ... .
I 0400-20-05-.95 i

through I
L 0400-2()-05-,99 .. 1 Reserved .._ . __
: 0400:20-05-.100 .1 Securityof Stored Material. _.
:_0400-20-05-.101.. I Control of Material..Not in Storage .. __ ~_.
, 0400-20-05-.102 .
· through I
0400-~0-05_-1091 "eserved .
0400-20-05-.110 i Caution Signs

; 0400-20-05-.111 I Posting Requirements
· 0400-20-05- 11 i : Reserved .
· 64i)O-i6:6s::r13 : Labeiing Containers - ....-

0400-20-05-.114 1Exemptions to Labeling Requirements
0400-20-()5:J 1.5. ,_proce_dures.!()r Receiving anclQ)Jenil1g Packages

· 0400-20-05-.116
through

0400-20-05-.119 ! Reserved
i 0400-20-05-.120 ; Generai Disposal Requirements

i ~:~~:~~:~t~m·1-~~W~sda:.o5yG~~~~sge~~~~~~it~frf~~~~~~~;~jSJlOSil.IProCe.dUreS
i 0400:20-0S:.12X. I Treatment or Disposal by Incineration
I 0400-20:05-.1.2"-..1 [)isposal of Specific Wastes ..... .. . _
l 04_00-20-05-.125 I Transfer for Disposaland Manifests_. .___ .
f 0400-20-05-.126 ICompliance with Environmental and Health Protection Regulations"
.0400-20-05- 127 Diseos<ll ofc;ert<liJ1Bj'pr()dLJct~aterial___ .., _ . .

0400-20-05-.128 i Reserved
0400-20-05-.129 I ReserVed ... .. . ..-

I 0400-20-05-.130 I General Records'Provisions
-_ _. __ _-_.- _ _-,-_.. ,." ..- ---- ---"-r---'-'-'''-'~'-'-'''''~--~''-----''-'-''"''---'''-'----~._.. __._--_."-----",.,,_.•_-,,.,_.---.--.--.-.-----.--.-

· 0400-20:05-,13.1 .1. Rec.0rds of Radiation Protection Programs
0400-20-05-.132 : Records ofSurveys . . ..
0400-2Q-05-.1~3.L[)E)ter.minationof Prior Occupatio_nal[)()~e__ .

; 0400-20-05-.134 I Records of Planned Special Exposures
: 0400-20-05-.135 jRecords of Individual Monitoring R~sults .
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• Reserved .._
: Radiation Protection Programs,._-_ _-_ .._ _-_ -

· 0400=20-05-.136 : Records of Dose to Jndivtdual Members of the Public'
~-0400~20-05-137 ~ Records of Waste Disposal-----· .. --
I 0400-20-05-.138 IRecords of Testing Entry Control Devices for Very High Radiation Areasi 0400-20:05-139. lFormof Records. ... - -- - ~~ - .. :.:_ . -. --- .. .

i 0400-20-05-.140 I Reports of Theft or Loss of Licensed Material

!~~§~:~~:~;:: ~:J' I ~~~~~~ti~nl~~il~~i~:lit~fE)(POSureto-R.adIatlon -- '-'-.-. . _
: 0400-20-05-.143 i Reports of Exposures, Radiation Levels, and Concentrations of Radioactive Material

: Exceeding the Limits
0400-20-05-.144 ,Reports of Planned Special Expos_urEls_
0400-20-05-.145 I Notifications, Records and Reports of Misadministration

· 0400-20-05-.146 I Reports to Individuals of ExceedingDose_~imits ..
: 0400-20-05-.147 I

I
' through I

0400-20-05-.149 I Reserved
!04-00=20-05=.150-- TAppncations forExemptlons"
, 0400-20-05-.151 i Additional Requirements-
.- 6400-20-05- 152 . (Vacating primlSes' .. ... .
,0400-20-05-.153 i

I through '
! 0400-20-05:.159 j Reserved.
I 0400-20-05-.160 ,Violations
· 0400-20-05-.161 i Schedules

l ----

· 0400-20-05:.162 ~ Type X Quantitiesand Transfl.or!Q!oiJP_s . __ _ _ . . _
, 0400-20-05-.163 j Reports of Transactions involVing N<ltio_naliy TrackEld Sources .....

0400-20-05-.164 : Nationally Tracked Source Thresholds. .
I 0400-20-05- 165_ I Rep.Qrt, Notifi~~()rl,..<lnd RElc()r(j~()La _DoseJ.()_aI1..Ernbry()/Fetu~or_ a Nursing_child

i Chapter Number i Chapter Title
1200-02=05_ I~a~iliir<l.stCirP.r(,tElction_6g_~nstRadiation =
-RulE! Number :Rule Title
1200-02-05-.01

, through

i m~:~~:§i~:~~ 1~~r~~~:d ..
i 1_2QcE(j2=05:.32_TDefinitlons

1200-02-05-.33 rUnits of Radiation Dose
: 1200=02-05-.34 I Units-ofRadloactivity-

1200-02-05-.35 i Communications
: 1200-02-05-.36 . I Repealed .

• 1200-02-05-.37 i
through

1200-02-05-.39
1200-02-05-.40

I 1200-02-05-.41
through i

1200-02-05-.49 I Reserved

:~~§~:~~:~t:;~ i g~~u~~~c~~~S~e~~!~;,;~~~df~~ssummation of External and Internal Doses
: 1200-02-05-.52 I Determination of External Dose from Airborne Radioactive Material ....

1200-02-05-.53 : Determinationof Internal Exposure __ .. . -
1200-02-05-.54 - planned Special Exposures

,1200-02-05-.55 : Occupational Dose Limits for
· 1200-02-05-.56 .. : Dose to an Embryo/Fetus

1200-02-05-.57 i Reserved
1200-02-05-.58 , Reserved
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'1200=02-05-,591 Order Requiring Furnishing of Bioassay Services- .
'-1200-02-05-.60 1Dose Limits for Indlviclual Members of the Public .,_f~~~~~t~f~J. -1 Compliance witilDose Limits for Individual Mern.ll.ersQ.f the Public

I through i
i 1200-02-05-.69 I Reserv§d .. .___ _ ... ....
1 1200-02-05-.70 1 General Survey and Monitoring Requirements
I 1200-02-05-.71 IC-olldiiiollS ReciulringTndiviclual Monitoring of Externalan-d Iniernal Occupational Dose
I -'-'--~-"-"'-"--"-"--'-' .•'-- "T"--" --'--' --- --- -- -- -- -- -- - -- - - ---- -- - -- ----~----"'-- -'" -" -----~---_._.._._.-.---- -.-- ..-..--.-------.--..------.-----.---,,-._------ ------.---- ----..-- --"'- '
1 1200-02-05-.72 1

through 1
· 1200-02-05-.79 i Reserved ... _ . _.... __._.. . .
:-1200-02:05:.80 I Control of Access to Very_HighRadiation Area ReCjlllrements
,1200-02-05-.81 i Control of Access to Very High Radiation Areas ..-- .....
'1200-02-05-.82 i <::cmtrCllof i\cc.e§~toVeryl:ligh Radiation Areas:frradiators .. _. _ .~_
i 1200-02:05:.-83

through
1200-02~05-89_ ; ReseJ\ied
1200-02-05-.90 ;-Use of Process or Other Engineering Controls
1200:()2.:Q5~.~1 __ rUse of Other Controls . . . .. __

· 1200:02:05-.92 IUse of Individual Respiratory Protection EquiRment ..
1200-02-05-.93 .. i Further Restrictions on the UseofResj)iratory Protection Equipment

'1200-02-05-.94 ! Application for Use of Higher Assigned Protection Factors
I 1200=-02=05=:95' ... . .. . - ~---- ..

through
1200-02-05-.99 i Reserved

, 1200-02-05= 100 fsecurUyof StoredMaterial
11200-02-05-.101 i Control of Material Not in Storage

1200:02-05-.102 :
through j'

'1200-02-05-.109 Reserved,-.- ..------ -.. . -- -. . r· .. . ..
· 1200-02-05-.110 1Caution Sigrls ... --

1200-02-05-.111 . Posting Requirements

: g~~:~~:~~::mJf:~!i~~dc()lltaillers------ .. - .. --

! ~ ~~~:~~:~;:.m! ~~~;~~~~:::6rL~~:~ii~~ni~~~ir~;:~~~F'aCkageS___
,1200--02--05:.116

through i

'1200-02-05-.119 I Reserved
'1200-02-05-.120 i General DisposalRequirements .... _

1200-02-05-.121 I Method for Granting Approval of Alternative Disposal Procedllres
, 1200-02-05-.122-· I Disposal b,r Release into SanitarySewe-rage - .. ~ .
: 1200-02-05-,123 : Treatment or Disposal by Incineration

i ~~~~:~~:~;:: ~ ~~ I~~~~~~:~ ~r~:~~~cai:i~~t~an1fesTs---... . .... .

• 1200-02-05-.126 .; Compliance with EllvirollmentalandHealth Protection RegUlations
· 1200-02-05-.127 ,

through i

'1200-02-05-.129 JReserved. .
, 1200-02-05:Y30 _ i General Records Provisions
, 1200-02-05-.131.:RecQrcls-ofRacliation P-roteciiOnPrograrns
1 1200-02-05-.132 LRecords ClfSurveys_ _ .

! }~~~:~~:~t1;~+~-~~~~~~:i~ia~~~~p~~~~P~~io~~Pe~se -
I ... - --- ... - - _ ...,... . . . p - -- ....- -- ....
I 1200-02-05-.135 . i Records of Individual Monitoring Results ... _ _ .
·.12_00-02-05~.136L Bec.orcl~()t.()os~tClJnclividu<lIMEll1lbeIs of the Public _.
,1200-02-05~J37. i~eCOrclSofV\fClsteDisflosal.. __ . ..__ _
1 1200~Q2:0.5~1]§J..B§c.ords of Testing Entry CQ.ntrol[)§\iic§§.forVeryHigh Radiati()n_Areas ..

- - - - I

. 1
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1200-02-05-.139 lI=orm o(Records' .
; 12Qg:02~05-.140 .jRepoiis of Theft or Loss of Licensed Material'
,1200-02-05-.141 I Notification of Incidents. ... _._..
,1200~02-05-,142 I Reports to.ln~lividualsofl:xp()sure to Radiation. ._.. . . "'.
,1200-02-05-.143 I Reports of Exposures, Radiation Leveis, and Concentrations of Radioactive Material

I Exceeding the Limits .... .. . ..
: 1200-0~Q§.::1"" .!REJport.s.of p'lllnned Special Expo~ures__.. .'
'1200-02-05-.145 i Notifications, Records and Reports of Misadministration

I .... ..' .
• 1200-02-05-.146

through ,
· 1200-02-05-.149 I Reserved.
• 1200-02:05:.150' ! Applications for Exemptions
· 1200:02:05:~15r-'I,AddiiionaiRequjrements' .. . .. --..
· 1200-02-05-.152 I Vacating Premises
· 1200-02-05-.153 I

through
'1200-02-05-.159 I Reserved

1200-02-05-.160 ; Violationsr ' - --. .- -..
, 1200-02-05:.161' • Schedule.s __..
; 1200-02-05-.162 'Type X Quantities and Transport Groups.
11200:02-05-.163 .. ~RElPortso~ Transacti()fl~in\,()lvingN<ltiona~~:rr:a~Eld Sources
i 1200-02:05-,1(34 .INatl()nally Tr.aci<eciSourc.El.TJ'lrfjsholds . ...._ __ . .
,1200-02-05-.165 I Report,Notification,and Records of a Dose to anEmbryo/Fetus ora Nursing Child'
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(Place substance of rules and other info here. Statutory authority must be given for each rule change. For
information on formatting rules go to hllp:/Itn.gov/sos/rules/136011360.htm)

Repeal

Chapter 1200-02-05 Standards for Protection Against Radiation is repealed.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

New Rules

Chapter 0400-20-05
Standards for Protection Against Radiation

Table of Contents

Reserved
General Survey and Monitoring Requirements
Conditions Requiring Individual Monitoring of External and Internal Occupational Dose

0400-20-05-.01
through

0400-20-05-.29
0400-20-05-.30
0400-20-05-.31
0400-20-05-.32
0400-20-05-.33
0400-20-05-.34
0400-20-05-.35
0400-20-05-.36

through
0400-20-05-.39
0400-20-05-.40
0400-20-05-.41

through
0400-20-05-.49
0400-20-05-.50
0400-20-05-.51
0400-20-05-.52
0400-20-05-.53
0400-20-05-.54
0400-20-05-.55
0400-20-05-.56
0400-20-05-.57
0400-20-05-.58
0400-20-05-.59
0400-20-05-.60
0400-20-05-.61
0400-20-05-.62

through
0400-20-05-.69
0400-20-05-.70
0400-20-05-.71
0400-20-05-.72

through
0400-20-05-.79
0400-20-05-.80
0400-20-05-.81
0400-20-05-.82
0400-20-05-.83

through
0400-20-05-.89
0400-20-05-.90
0400-20-05-.91
0400-20-05-.92
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Reserved
Purpose
Scope
Definitions
Units of Radiation Dose
Units of Radioactivity
Communications

Reserved
Radiation Protection Programs

Reserved
Occupational Dose Limits for Adults
Compliance with Requirements for Summation of External and Internal Doses
Determination of External Dose from Airborne Radioactive Material
Determination of Internal Exposure
Planned Special Exposures
Occupational Dose Limits for Minors
Dose to an Embryo/Fetus
Reserved
Reserved
Order Requiring Furnishing of Bioassay Services
Dose Limits for Individual Members of the Public
Compliance with Dose Limits for Individual Members of the Public

Reserved
Control of Access to Very High Radiation Area Requirements
Control of Access to Very High Radiation Areas
Control of Access to Very High Radiation Areas-Irradiators

Reserved
Use of Process or Other Engineering Controls
Use of Other Controls
Use of Individual Respiratory Protection Equipment
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0400-20-05-.93
0400-20-05-.94
0400-20-05-.95

through
0400-20-05-.99
0400-20-05-.100
0400-20-05-.101
0400-20-05-.102

through
0400-20-05-.109
0400-20-05-.110
0400-20-05-.111
0400-20-05-.112
0400-20-05- 113
0400-20-05-.114
0400-20-05-.115
0400-20-05-.116

through
0400-20-05-.119 .
0400-20-05-.120
0400-20-05-.121
0400-20-05-.122
0400-20-05- 123
0400-20-05-.124
0400-20-05-.125
0400-20-05-.126
0400-20-05-.127
0400-20-05-.128
0400-20-05-.129
0400-20-05-.130
0400-20-05-.131
0400-20-05-.132
0400-20-05-.133
0400-20-05-.134
0400-20-05-.135
0400-20-05-136
0400-20-05-.137
0400-20-05-.138
0400-20-05-.139
0400-20-05-.140
0400-20-05-.141
0400-20-05-.142
0400-20-05-.143

0400-20-05-.144
0400-20-05-.145
0400-20-05-.146
0400-20-05-.147

through
0400-20-05-.149
0400-20-05-.150
0400-20-05-.151
0400-20-05- 152
0400-20-05- 153

through
0400-20-05-.159
0400-20-05-.160
0400-20-05-.161
0400-20-05-.162
0400-20-05-.163
0400-20-05-.164
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Further Restrictions on the Use of Respiratory Protection Equipment
Application for Use of Higher Assigned Protection Factors

Reserved
Security of Stored Material
Control of Material Not in Storage

Reserved
Caution Signs
Posting Requirements
Reserved
Labeling Containers
Exemptions to Labeling Requirements
Procedures for Receiving and Opening Packages

Reserved
General Disposal Requirements
Method for Granting Approval of Alternative Disposal Procedures
Disposal by Release into Sanitary Sewerage
Treatment or Disposal by Incineration
Disposal of Specific Wastes
Transfer for Disposal and Manifests
Compliance with Environmental and Health Protection Regulations
Disposal of Certain Byproduct Material
Reserved
Reserved
General Records Provisions
Records of Radiation Protection Programs
Records of Surveys
Determination of Prior Occupational Dose
Records of Planned Special Exposures
Records of Individual Monitoring Results
Records of Dose to Individual Members of the Public
Records of Waste Disposal
Records of Testing Entry Control Devices for Very High Radiation Areas
Form of Records
Reports of Theft or Loss of Licensed Material
Notification of Incidents
Reports to Individuals of Exposure to Radiation
Reports of Exposures, Radiation Levels, and Concentrations of Radioactive Material
Exceeding the Limits
Reports of Planned Special Exposures
Notifications, Records and Reports of Misadministration
Reports to Individuais of Exceeding Dose Limits

Reserved
Applications for Exemptions
Additional Requirements
Vacating Premises

Reserved
Violations
Schedules
Type X Quantities and Transport Groups
Reports of Transactions involving Nationally Tracked Sources
Nationally Tracked Source Thresholds
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0400-20-05-.165 Report, Notification, and Records of a Dose to an Embryo/Fetus or a Nursing Child

1200 02 O§ .01 0400-20-05-.01 through 1200 02 O§ .2Q 0400-20-05-.29 Reserved

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

120002 O§ .dO 0400-20-05-.30 Purpose.

(1) The regulations in Rules 120002 O§ .dO 0400-20-05-.30 through 120002 O§ .162 0400-20-05-.165
establish standards for protection against ionizing radiation. These standards are issued under
Tennessee Code Annotated (T.C.A.) 4-5-201 et seq. and 68-202-203 and 206, as amended. These
standards are also issued to meet the Nuclear Regulatory Commission's requirements for compatibility as
set out in 42 United States Code Annotated (USCA) Section 2021 (d)(2) and 10 CFR 20. It is the intent of
the Division of Radiological Health of the Tennessee Department of Environment and Conservation that
these rules enable the State of Tennessee to maintain its compatibility as an Agreement State. This
principle should be considered, when relevant, in any interpretation of these rules. To that end, judicial or
administrative interpretation of corresponding rules in other jurisdictions should be given persuasive
authority.

(2) The purpose of these standards is to control the receipt, possession, use, transfer and disposal of
sources of radiation by any person. This is done so that the total dose to an individual from all sources of
radiation other than background radiation does not exceed these standards. However, nothing in these
standards shall be construed as limiting a licensee's or registrant's actions that may be necessary to
protect health and safety during an emergency.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

120002 O§ .d1 0400-20-05-.31 Scope.

These standards apply to all persons who receive, possess, use, transfer, or dispose of sources of radiation
within the jurisdiction of the State of Tennessee. The limits in these standards do not apply to doses due to
background radiation or to exposure of patients to radiation for medical diagnosis or therapy.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 O§ .d2 0400-20-05-.32 Definitions.

(1) "Absorbed dose" means the energy imparted by ionizing radiation per unit mass of irradiated material.
The units of absorbed dose are the rad and the gray (Gy).

(2) "Act" means the Tennessee Code Annotated, Title 68, Chapter 202, as amended.

(3) "Activity" is the rate of disintegration (transformation) or decay of radioactive material. The units of activity
are the curie (Ci) and the becquerel (Bq).

(4) "Adult" means an individual 18 or more years of age.

(5) "Airborne radioactive material" means radioactive material dispersed in the air in the form of dusts, fumes,
particulates, mists, vapors or gases.

(6) "Airborne radioactivity area" means a room, enclosure, or area in which airborne radioactive materials,
composed wholly or partly of licensed material, exist in concentrations:

(a) In excess of the derived air concentrations (DACs) specified in Schedule RHS 8-30; or

(b) To such a degree that an individual present in the area without respiratory protective equipment
could exceed, during the hours an individual is present in a week, an intake of 0.6 percent of the
annuai limit on intake (ALI) or 12 DAC-hours.

\8-11ill "Air-purifying respirator" means a respirator with an air-purifying filter, cartridge or canister that removes
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specific air contaminants by passing ambient air through the air-purifying element.

AID "ALARA" (acronym for "as low as is reasonably achievable") means making every reasonable effort to
maintain exposures to radiation as far below the dose limits in these standards as is practical consistent
with the purpose for which the activity is undertaken and taking into account:

(a) The state of technology;

(b) The economics of improvements in relation to:

1. The state of technology;

2. Benefits to public health and safety, and other societal and socioeconomic
considerations; and

3. Utilization of radiation and radioactive materials in the public interest.

tlBilll "Annual limit on intake" (ALI) means the derived limit for the amount of radioactive material taken into the
body of an adult worker by inhalation or ingestion in a year. ALI is the smaller value of intake of a given
radionuclide in a year by the reference man that would result in a committed effective dose equivalent of
5 rems (0.05 Sv) or a committed dose equivalent of 50 rems (0.5 Sv) to any individual organ or tissue.
ALI values for intake by ingestion and by inhalation of selected radionuclides are given in Schedule RHS
8-30.

~i.1ill"Assigned protection factor" (APF) means the expected workplace level of respiratory protection that
would be provided by a properly functioning respirator or a class of respirators to properly fitted and
trained users. Operationally, the inhaled concentration can be estimated by dividing the ambient airborne
concentration by the APF.

(S31U1l"Atmosphere-supplying respirator" means a respirator that supplies the respirator user with breathing air
from a source independent of the ambient atmosphere, and includes supplied-air respirators (SARs) and
self-contained breathing apparatus (SCBA) units.

t91ill.l "Background radiation" means radiation from cosmic sources; naturally occurring radioactive material,
including radon (except as a decay product of source or special nuclear material), and global fallout as it
exists in the environment from the testing of nuclear explosive devices or from past nuclear accidents
such as Chernobyl that contribute to background radiation and are not under the control of the licensee.
"'Background radiation'" does not include radiation from sources of radiation subject to licensing or
registering by the Division.

twiillJ."Bioassay" ("radiobioassay") means the determination of kinds, quantities or concentrations, and, in some
cases, the locations of radioactive material in the human body, whether by direct measurement (in vivo
counting) or by analysis and evaluation of materials excreted or removed from the human body.

t4-Bllil"Byproduct material" means:

(a) Any radioactive 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;

(b) The tailings or wastes produced by the extraction or concentration of uranium or thorium from ore
processed primarily for its source material content, including discrete surface wastes resulting
from uranium solution extraction processes. Underground ore bodies depleted by these solution
extraction operations do not constitute "byproduct material" within this definition;

(c) 1. Any discrete source of radium-226 that is produced, extracted, or converted after
extraction for use for a commercial, medical, or research activity; or

2. Any material that-

(i) Has been made radioactive by use of a particle accelerator; and
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(ii) Is produced, extracted, or converted after extraction for use for a commercial,
medical, or research activity; and

(d) Any discrete source of naturally occurring radioactive material, other than source material, that-

1. The Commission, in consultation with the Administrator of the Environmental Protection
Agency, the Secretary of Energy, the Secretary of Homeland Security, and the head of
any other appropriate Federal agency, determines would pose a threat similar to the
threat posed by a discrete source of radium-226 to the public health and safety or the
common defense and security; and

2. Is extracted or converted after extraction for use in a commercial, medical, or research
activity.

~L1Ql"Class" (or "lung class" or "inhalation class") means a classification scheme for inhaled material according
to its rate of clearance from the pulmonary region of the lung. Materials are classified as D, W, or Y,
which applies to a range of clearance half-times: for Class D (Days) of less than 10 days, for Class W
(Weeks) from 10 to 100 days, and for Class Y (Years) of greater than 100 days.

~L1§1"Coliective dose" is the sum of the individual doses received in a given period of time by a specific
population from exposure to a specific source of radiation.

f44+!.1ll"Committed dose equivalent" (CDE) (HT.SO) is the dose equivalent to organs or tissues of reference (T)
that will be received from an intake of radioactive material by an individual during the 50 year period
following the intake.

~i.1ID"Committed effective dose equivalent" (CEDE) (HE.SO) is the sum of the products of the weighting factors
applicable to each of the body organs or tissues that are irradiated and the committed dose equivalent to
these organs or tissues (HE.SO=(~WTHT.SO).

f8Ql@"Constraint" (or "dose constraint") means a value above which specified licensee actions are required.

~(20l"Declared pregnant woman" means a woman who has voluntarily informed her employer, in writing, of her
pregnancy and the estimated date of conception. The declaration remains in effect until the declared
pregnant woman withdraws the declaration in writing or is no longer pregnant.

~!£1l"Deep-dose equivalent" (DDE) (Hd), which apr-lies to external whole-body exposure, is the dose
equivalent at a tissue depth of 1 cm (1000 mg/cm ).

fll4j(22l"Demand respirator" means an atmosphere-supplying respirator that admits breathing air to the facepiece
only when a negative pressure is created inside the facepiece by inhalation.

(4<lj(23l"Department" refers to the Tennessee Department of Environment and Conservation.

tw1(24)"Derived air concentration" (DAC) means the concentration of a given radionuclide in air which, if
breathed by the reference man for a working year of 2,000 hours under conditions of light work (inhalation
rate 1.2 cubic meters of air per hour), results in an intake of one ALI. DAC values are given in Schedule
RHS 8-30.

~(25)"Derived air concentration-hour" (DAC-hour) is the product of the concentration of radioactive material in
air (expressed as a fraction or multiple of the derived air concentration for each radionuclide) and the time
of exposure to that radionuclide, in hours. A licensee may take 2,000 DAC-hours to represent one ALI,
equivalent to a committed effective dose equivalent of 5 rems (0.05 Sv).

\8&)(26l"Disposable respirator" means a respirator for which maintenance is not intended and that is designed to
be discarded after excessive breathing resistance, sorbent exhaustion, physical damage, or end-of­
service-life renders it unsuitable for use. Examples of this type of respirator are a disposable half-mask
respirator or a disposable escape-only self-contained breathing apparatus (SCBA).

(2-1-i(27)"Division" means the Division of Radiological Health of the Tennessee Department of Environment and
Conservation.
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~(281"Dose or radiation dose" is a generic term that means absorbed dose, dose equivalent, effective dose
equivalent, committed dose equivalent, committed effective dose equivalent, or total effective dose
equivalent, as defined in other paragraphs of this rule.

~(291"Dose equivalent" (HT) means the product of the absorbed dose in tissue, the quality factor, and all other
necessary modifying factors at the location of interest. The units of dose equivalent are the rem and
sievert (Sv).

t:!41(30)"Dosimetry processor" m·eans an individual or an organization that processes and evaluates individual
monitoring equipment in order to determine the radiation dose delivered to the equipment
(~HE,50=(WTHT,50)

~Q1l"Effective dose equivalent" (EDE) (HE) is the sum of the products of the dose equivalent to the organ or
tissue (HT) and the weighting factors (WT) applicable to each of the body organs or tissues that are
irradiated (HE=(~WTHT).

~(321"Embryo/fetus" means the developing human organism from conception until the time of birth.

~"Entrance or access point" means any location through which an individual could gain access to radiation
areas or to sources of radiation. This includes entry or exit portals of sufficient size to permit human
entry, irrespective of their intended use.

~(341"Exposure" means being exposed to ionizing radiation or to radioactive material.

~(35)"External dose" means that portion of the dose equivalent received from sources of radiation outside the
body.

tJQl(361"Extremity" means hand, elbow, arm below the elbow, foot, knee, or leg below the knee.

fll9).QZl"Filtering facepiece" ('dust mask') means a negative pressure particulate respirator with a filter as an
integral part of the facepiece or with the entire facepiece composed of the filtering medium, not equipped
with elastomeric sealing surfaces and adjustable straps.

~(381"Fit factor" means a quantitative estimate of the fit of a particular respirator to a specific individual, and
typically estimates the ratio of the concentration of a substance in ambient air to its concentration inside
the respirator when worn.

~(39)"Fit test" means the use of a protocol to evaluate qualitatively or quantitatively the fit of a respirator on an
individual.

~(401"Generally applicable environmental radiation standards" means standards issued by the Environmental
Protection Agency (EPA) under the authority of the Atomic Energy Act of 1954, as amended, that impose
limits on radiation exposures or levels, or concentrations or quantities of radioactive material, in the
general environment outside the boundaries of locations under the control of persons possessing or using
sources of radiation.

~{ill"Government agency" means any executive department, commission, independent establishment,
corporation wholly or partly owned by the United States of America, which is an instrumentality of the
United States, or any board, bureau, division, service, office, officer, authority, administration, or other
establishment in the executive branch of the Government.

~(421"Gray" (See 1200 0205 .33(1)(a) subparagraph (1)(a) of Rule 0400-20-05-.33).

~(43)"Helmet" means a rigid respiratory inlet covering that also provides head protection against impact and
penetration.

~(44)"High radiation area" means an area, accessible to individuals, in which radiation levels from radiation
sources external to the body could result in an individual receiving a dose equivalent in excess of 0.1 rem
(1 mSv) in 1 hour at 30 centimeters from the source of radiation or from any surface that the radiation
penetrates.
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fBO}(45l"Hood" means a respiratory inlet covering that completely covers the head and neck and may also cover
portions of the shoulders and torso.

~(46l"1ndividual" means any human being.

~(47l"lndividual monitoring" means:

(a) The assessment of dose equivalent by the use of devices designed to be worn by an individual;

(b) The assessment of committed effective dose equivalent by bioassay (see Bioassay) or by
determination of the time-weighted air concentrations to which an individual has been exposed,
i.e., DAC-hours; or

(c) The assessment of dose equivalent by the use of survey data.

~(48l"1ndividual monitoring devices" ("individual monitoring equipment") means devices designed to be worn by
a single individual for the assessment of dose equivalent, such as film badges, thermoluminescence
dosimeters (TLDs), pocket ionization chambers, and personal ("lapel") air sampling devices.

~(49l"lnternal dose" means that portion of the dose equivalent received from radioactive material taken into the
body.

f39j(50l"Lens dose equivalent" applies to the external exposure of the lens of the eye and is taken as the dose
equivalent at a tissue depth of 0.3 centimeter (300 mg/cm2

).

\'W1@1l"License" means a license issued under the regulations in Chapter 12GG G2 1G 0400-20-10.

(411(52l"Licensed material" means radioactive material received, possessed, used, transferred or disposed of
under a general or specific license issued by the Division.

t42t~"Licensee" means the holder of a license.

~(54l"Limits" ("dose limits") means the permissible upper bounds of radiation doses.

~(55l"Loose-fitling facepiece" means a respiratory inlet covering that is designed to form a partial seal with the
face.

(44l(56l"Lost" or "missing radioactive material" means radioactive material whose location is unknown. It includes
material that has been shipped but has not reached its destination and whose location cannot be readily
traced in the transportation system.

~(57)"Member of the public" means any individual except when that individual is receiving an occupational
dose.

f49}(58l"Minor" means an individual less than 18 years of age,

t+S)(59)"Misadministration" means an event that meets the criteria in 12GG G2 G5 .145 Rule 0400-20-05-.145.

(4B(60l"Monitoring" ("radiation monitoring", "radiation protection monitoring") means the measurement of
radiation levels, concentrations, surface area concentrations or quantities of radioactive material and the
use of the results of these measurements to evaluate potential exposures and doses.

~@1l "Nationally tracked sources" means a sealed source containing a quantity equal to or greater than
Category 1 or Category 2 levels of any radioactive material listed in Rule 12GG G2 G5 .164 0400-20-05­
.164. In this context a sealed source is defined as radioactive material that is sealed in a capsule or
closely bonded, in a solid form and which is not exempt from regulatory control. It does not mean material
encapsulated solely for disposal or nuclear material contained in any fuel assembly, subassembly, fuel
rod, or fuel pellet. Category 1 nationally tracked sources are those containing radioactive material at a
quantity equal to or greater than the Category 1 threshold. Category 2 nationally tracked sources are
those containing radioactive material at a quantity equal to or greater than the Category 2 threshold but
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less than the Category 1 threshold.

~(62l"Negative pressure respirator" ("tight fitting") means a respirator in which the air pressure inside the
facepiece is negative during inhalation with respect to the ambient air pressure outside the respirator.

(4<B(63l"Nonstochastic effect" means health effects, the severity of which varies with the dose and for which a
threshold is believed to exist. Radiation-induced cataract formation is an example of a nonstochastic
effect (also called a deterministic effect).

~(64l"NRC" means the Nuclear Regulatory Commission or its duly authorized representatives.

~(65l"Occupational dose" means the dose received by an individual in the course of employment in which the
individual's assigned duties involve exposure to radiation or to radioactive material from registered,
unregistered, licensed and unlicensed sources of radiation, whether in the possession of the licensee,
registrant or other person. Occupational dose does not include dose received from background radiation,
from any medical administration the individual has received, from exposure to individuals administered
radioactive material and released in accordance with 12QQ Q2 Q7 .J5 Rule 0400-20-07-.35, from voluntary
participation in medical research programs, or as a member of the public.

(&B(66)"Person" means an individual, trust, firm, joint stock company, corporation (including a government
corporation), partnership, association, state, municipality, commission, political subdivision of a state, any
interstate body, any governmental agency of this state and any department, agency or instrumentality of
the federal government.

~(67)"Planned special exposure" (PSE) means an infrequent exposure to radiation, separate from and in
addition to the annual dose limits.

~168l"Positive pressure respirator" means a respirator in which the pressure inside the respiratory inlet
covering exceeds the ambient air pressure outside the respirator.

tll4:l169l"Powered air-purifying respirator" (PAPR) means an air-purifying respirator that uses a blower to force the
ambient air through air-purifying elements to the inlet covering.

~170l"Pressure demand respirator" means a positive pressure atmosphere-supplying respirator that admits
breathing air to the facepiece when the positive pressure is reduced inside the facepiece by inhalation.

~il1l."Public dose" means the dose received by a member of the public from exposure to radiation or to
radioactive material released by a licensee, or to any other source of radiation under the control of a
licensee or registrant. Public Dose does not include occupational dose or doses received from
background radiation, from any medical administration the individual has received, from exposure to
individuals administered radioactive material and released in accordance with Rule 12QQ Q2 Q7 .J5 0400­
20-07-.35, or from voluntary participation in medical research programs.

~172l"Qualitative fit test" (QLFT) means a pass/fail fit test to assess the adequacy of respirator fit that relies on
the individual's response to the test agent.

ta41(73)"Quality factor" (Q) means the modifying factor (see Tables RHS 5-1 and RHS 5-2) that is used to derive
dose equivalent from absorbed dose.

~(74)"Quantitative fit test" (QNFT) means an assessment of the adequacy of respirator fit by numerically
measuring the amount of leakage into the respirator.

~(75)"Quarter" means a period of time equal to one-fourth of the year observed by the licensee or registrant
(approximately 13 consecutive weeks), providing that the beginning of the first quarter in a year coincides
with the starting date of the year and that no day is omitted or duplicated in consecutive quarters.

\W)(76l"Rad" (See 12QQ Q2 Q543 Rule 0400-20-05-.33(1)(b)).

t5B(77l"Radiation" includes all ionizing electromagnetic waves and corpuscular emissions such as, but not
necessarily limited to, gamma rays and x-rays, alpha and beta particles, electrons, neutrons, and protons,
and other nuclear particles, but not radio waves or visible, infrared, or ultraviolet light.
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~(78l"Radiation area" means an area, accessible to individuals, in which radiation levels could result in an
individual receiving a dose equivalent in excess of 0.005 rem (0.05 mSv) in 1 hour at 30 centimeters from
the source of radiation or from any surface that the radiation penetrates.

taBliZlli"Reference man" means a hypothetical aggregation of human physical and physiological characteristics
arrived at by the Division after considering among others data and information published by the
International Commission on Radiation Protection and the National Council on Radiation Protection and
Measurements.

(Wl(80l"Rem" (See 1200 02 05 .33 Rule 0400-20-05-.33(1)(c».

~@1l"Respiratory protective device" means an apparatus, such as a respirator, used to reduce the individual's
intake of airborne radioactive materials.

(92t(82)"Restricted area" means an area, access to which is limited by the licensee or registrant for the purpose
of protecting individuals against undue risks from exposure to radiation and radioactive materials.
Restricted area does not include areas used as residential quarters, but separate rooms in a residential
building may be set apart as a restricted area.

~(83l"Sanitary sewerage" means a system of public sewers for carrying off waste water and refuse, but
excluding sewage treatment facilities, septic tanks, and leach fields owned or operated by the licensee.

f98}(84l"Self-contained breathing apparatus" (SCBA) means an atmosphere-supplying respirator for which the
breathing air source is designed to be carried by the user.

\94j(85l"Shaliow-dose equivalent (Hs)", which applies to the external exposure of the skin of the whole body or
the skin of an extremity, is taken as the dose equivalent at a tissue depth of 0.007 centimeter (7 mglcm2

).

~(86l"Sievert" (See 12000205.33 Rule 0400-20-05-.33(1)(d».

\G9l(87l"Site boundary" means that line beyond which the land or property is not owned, leased or otherwise
controlled by the licensee or registrant.

(97j(88l"Source material" refers to:

(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%) or more of: uranium, thorium
or any combinations thereof. Source material does not include special nuclear material.

~(89)"Stochastic effects" means health effects that occur randomly and for which the probability of the effect
occurring, rather than its severity, is assumed to be a linear function of dose without threshold.
Hereditary effects and cancer incidence are examples of stochastic effects.

~(90) "Supplied-air respirator" (SAR) or "airline respirator" means an atmosphere-supplying respirator for which
the source of breathing air is not designed to be carried by the user.

\&91ili1.l"Survey" means an evaluation of the radiological conditions and potential hazards incident to the
production, use, transfer, release, disposal, or presence of radioactive material or other sources of
radiation. When appropriate, such an evaluation includes a physical survey of the location of a source of
radiation and measurements or calculations of levels of radiation or concentrations or quantities of
radioactive material present.

~(92) "Tight-fitting facepiece" means a respiratory inlet covering that forms a complete seal with the face.

f7Gf(93l"Total effective dose equivalent" (TEDE) means the sum of the effective dose equivalent (for external
exposures) and the committed effective dose eqUivalent (for internal exposures).

f-7-B(94)"Unrestricted area" means an area, access to which is neither limited nor controlled by the licensee or
registrant.
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~(95) "User seal check" ("fit check") means an action conducted by the respirator user to determine if the
respirator is properly seated to the face. Examples include negative pressure check, positive pressure
check, irritant smoke check or isoamyl acetate check.

~(96l"Very high radiation area" means an area accessible to individuals in which radiation levels from radiation
sources external to the body could 'result in an individual receiving an absorbed dose in excess of 500
rads (5 grays) in 1 hour at 1 meter from a source of radiation or 1 meter from any surface that the
radiation penetrates.

(Note: At very high doses received at high dose rates, units of absorbed dose (e.g., rads and grays) are
appropriate, rather than units of dose equivalent (e.g., rems and sieverts)).

~(97l"Week" means 7 consecutive days starting on Sunday.

{+4j(98)"Weighting factor (WT), for an organ or tissue (T)" is the proportion of the risk of stochastic effects
resulting from irradiation of the organ or tissue to the total risk of stochastic effects when the whole body
is irradiated uniformly. For calculating the effective dose equivalent, the values of WT are:

ORGAN DOSE WEIGHTING FACTORS

Organ or Tissue

Gonads
Breasts
Red Bone Marrow
Lung
Thyroid
Bone Surfaces
Remainder
Whole Body

0.25
0.15
0.12
0.12
0.03
0.03
'0.30
21.00

1 0.30 results from 0.06 for each of 5 "remainder" organs (excluding the skin and the lens of the eye) that
receive the highest doses.

2 For the purpose of weighting the external whole body dose (for adding it to the internal dose), a single
weighting factor, WT=1.0, has been specified. The use of other weighting factors for external exposure
will be approved on a case-by-case basis until such time as specific guidance is issued.

~(99l"Whole body" means, for purposes of external exposure, head, trunk (including male gonads), arms
above the elbow, or legs above the knee.

\+9}(100) "Working level" (WL) is any combination of short-lived radon daughters (for radon-222: polonium-218,
lead-214, bismuth-214, and polonium-214; and for radon-220: polonium-216, lead-212, bismuth-212, and
polonium-212) in 1 liter of air that will result in the ultimate emission of 1.3 x 105 MeV of potential alpha
particle energy.

f+-7jL1.Q1l "Working level month" (WLM) means an exposure to 1 working level for 170 hours (2,000 working hours
per year/12 months per year = approximately 170 hours per month).

(+3jUQ.fJ. "Year" means the period of time beginning in January used to determine compliance with the provisions
of these standards. The licensee or registrant may change the starting date of the year used to
determine compliance by the licensee or registrant provided that the change is made at the beginning of
the year and that no day is omitted or duplicated in consecutive years.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .330400-20-05-.33 Units of Radiation Dose.

(1) Definitions. As used in these standards the units of radiation dose are:
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(a) Gray (Gy) is the SI unit of absorbed dose. One gray is equal to an absorbed dose of 1
joule/kilogram (100 rads).

(b) Rad is the special unit of absorbed dose. One rad is equal to an absorbed dose of 100 ergs/gram
or 0.01 joule/kilogram (0.01 gray).

(c) Rem is the special unit of any of the quantities expressed as dose equivalent. The dose
equivalent in rems is equal to the absorbed dose in rads multiplied by the quality factor (1 rem =
0.01 sievert).

(d) Sievert is the SI unit of any of the quantities expressed as dose equivalent. The dose equivalent
in sieverts is equal to the absorbed dose in grays multiplied by the quality factor (1 Sv = 100
rems).

(2) As used in these standards the quality factors for converting absorbed dose to dose equivalent are shown
in Table RHS 5-1.

TABLE RHS 5-1 QUALITY FACTORS AND ABSORBED DOSE
EQUIVALENCIES

Type of Radiation Quality Factor (Q)

X-, gamma, or beta radiation 1

Absorbed dose
equal to a unit dose
equivalent'
1

Alpha particles, multiple charged 20
particles, fission fragments and
heavy particles of unknown
charge

0.05

Neutrons of unknown energy 10 0.1

High-energy protons 10 0.1
1 Absorbed dose in rad equal to 1 rem or the absorbed dose in gray equal to 1 sievert.

If measuring the neutron fluence rate is more convenient than determining the neutron dose equivalent rate as
provided in this paragraph, 1 rem (0.01 Sv) of neutron radiation of unknown energies may be assumed to result
from a total fluence of 25 million neutrons per square centimeter incident upon the body. If sufficient information
exists to estimate the approximate energy distribution of the neutrons, the licensee or registrant may use the
fluence rate per unit dose equivalent or the appropriate Q value from Table RHS 5-2 to convert a measured tissue
dose in rads to dose equivalent in rems.

TABLE RHS 5-2 MEAN QUALITY FACTORS, Q, AND FLUENCE PER UNIT DOSE
EQUIVALENT FOR MONOENERGETIC NEUTRONS

980x10"
980x10"
810x10"
810x10"
840x10"
980x10"
101 Ox1 0"
170x10"
39x106

27x10"
29x10"
23x10"
24x10"

2
2
2
2
2
2
2.5
7.5
11
11
9
8
7

Quality
Factor a

(Q)

Neutron
Energy
(MeV)
2.5 X 10.8

1 x 10·/
1 X 10·"
1 X 10.5

1 x 10·'
1 x 10.3

1 X 10.2

1 X 10·'
5 x 10·'
1
2.5
5
7

(Thermal).
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10 6.5 24x10·
14 7.5 17x10·
20 8 16x10·
40 7 14x10·
M 5.5 1~1if
1x1~ 4 2~1if
2 x 10' 35 19x10·
3 x 10' 3.5 16x10·
4 x 10' 3.5 14x10·

a Value of quality factor (0) at the point where the dose equivalent is maximum in a 30-cm diameter cylinder
tissue-equivalent phantom.
b Monoenergetic neutrons incident normally on a 30-cm diameter cylinder tissue-equivalent phantom.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq

12GG G2 G5 .34 0400-20-05-34 Units of Radioactivity.

(1) For the purposes of these standards, activity is expressed in the special unit of curies (Ci) or in the SI unit
of becquerels (Bq), or their multiples, or disintegrations (transformations) per unit of time.

(a) One becquerel = 1 disintegration per second (s-').

(b) One curie = 3.7 x 10'0 disintegrations per second = 3.7 x 10'0 becquerels = 2.22 x 1012

disintegrations per minute.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .350400-20-05-.35 Communications.

Unless otherwise specified, communications or reports concerning the regulations should be addressed to the
Director, Division of Radiological Health, b&C AAAex, 3ra Fleer, 4G1 CR~rGR Street, ~la6Rville, HI 37243 1523
and mailed to the address given in Rule 0400-20-04-.07.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .3e 0400-20-05-.36 Through 12GG G2 G5 .3Q 0400-20-05-.39 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .4G 0400-20-05-.40 Radiation Protection Programs.

(1) Each licensee and registrant shall develop, document and implement a radiation protection program for a
licensee's or registrant's activities that ensures compliance with these standards. See Rule 12GG G2 G5
~ 0400-20-05-.131 for recordkeeping requirements relating to these programs.

(2) The licensee's or registrant's procedures and engineering controis shall be based on sound radiation
protection principles and shall achieve occupational doses and doses to members of the public that are
ALARA.

(3) The licensee or registrant shall periodically (at least annually) review radiation protection program content
and implementation.

(4) To implement the ALARA requirements of paragraph ~ 12GG G2 G5 .4G(2) this rule and
notwithstanding the requirements in Rule 12GG G2 G5 .7G 0400-20-05-.70, licensees shall establish a
constraint on air emissions of radioactive material to the environment, excluding radon-222 and its
daughters. The constraint shall ensure that the individual member of the public Iikeiy to receive the
highest dose shall not be expected to receive a total effective dose equivalent in excess of 10 millirems
(0.1 millisievert) per year from these emissions. If a licensee exceeds this dose constraint, the licensee
shall report the occurrence as provided in Rule 12GG G2 G5 .143 0400-20-05-.143 and take prompt,
appropriate corrective action to ensure against recurrence.
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Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

1~99 9~ 95 041 0400-20-05-.41 through 1~99 9~ 95 0490400-20-05-.49 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1~99 9~ 95 .590400-20-05-.50 Occupational Dose Limits for Adults.

(1) Except for planned special exposures under 1~9g 9~ 95 .54 Rule 0400-20-05-.54, the licensee or
registrant shall limit the occupational dose to individual adults to the following annual dose limits:

(a) An annual limit that is the lesser of:

1. A total effective dose equivalent of 5 rems (0.05 Sv) or

2. The sum of the deep-dose equivalent and the committed dose equivalent to any
individual organ or tissue other than the lens of the eye equal to 50 rems (0.5 Sv).

(b) The annual limits to the lens of the eye, to the skin of the whole body and to the skin of the
extremities:

1. A lens-dose equivalent to 15 rems (0.15 Sv), and

2. A shallow-dose eqUivalent of 50 rems (0.50 Sv) to the skin of the whole body or to the
skin of any extremity.

(2) The amount by which occupationai dose from all sources exceeds an individual's annual limits shall be
subtracted from the individual's limits for planned special exposures for the current year and for lifetime
exposure. See 1~99 9~ 95 .54 parts (1 )(f)1 and 2 of Rule 0400-20-05-.54.

(3) When external exposure is determined by measurement with an external personal monitoring device, the
deep-dose equivalent must be used in place of the effective dose equivalent, unless the effective dose
eqUivalent is determined by a dosimetry method approved by the Division or by the Nuclear Regulatory
Commission. The assigned deep-dose equivalent shall be for the part of the body receiving the highest
exposure. The assigned shallow-dose equivalent shall be the dose averaged over the contiguous 10 cm2

of skin receiving the highest exposure. Deep-dose, lens-dose and shallow-dose equivalents may be
assessed from surveys or other radiation measurements to demonstrate compliance with occupational
dose limits. However, this may be done only if the individual monitoring device was not subject to the
highest potential exposure, or the individual monitoring results are unavailable.

(4) Derived air concentration (DAC) and annual limit on intake (ALI) values are presented in Schedule RHS
8-30 and may be used to determine the individual's dose and demonstrate compliance with the
occupational dose limits.

(5) In addition to the annual dose limits, the licensee shall limit the soluble uranium intake by an individual to
10 milligrams in a week in consideration of chemical toxicity (see footnote 3 of Schedule RHS 8-30).

(6) The licensee shall reduce the dose that an individual may be allowed to receive in the current year by the
amount of occupational dose received while employed by any other person.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

~ 0400-20-05-.51 Compliance with Requirements for Summation of External and Internal Doses.

(1) If the licensee is required to monitor under tletR 1~99 9~ 95 .71 subparagraphs (1)(a) and (b) of Rule
0400-20-05-.71, the licensee shall demonstrate compliance with the dose limits by summing external and
internal doses. If the licensee or registrant is required to monitor only under 1~99 9~ 95 .71
s~tlllara~raIlR (1)(a) of Rule 0400-20-05-.71 or only under 1~99 9~ 95 .71 subparagraph (1)(b) of Rule
0400-20-05-.71 then summation is not required to demonstrate compliance with the dose limits. The
licensee may demonstrate compliance with the requirements for summation of external and internal
doses by meeting one of the conditions specified in paragraph (2) of this rule and the conditions in
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paragraphs (3) and (4) of this rule.

(Note: The dose equivalents for the lens of the eye, the skin, and the extremities are not included in the
summation, but are subject to separate limits.)

J
(2) Intake by inhalation. If the only intake of radionuclides is by inhalation, the total effective dose equivalent

limit is not exceeded if the sum of the deep-dose equivalent divided by the total effective dose equivalent
limit, and one of the following, does not exceed unity:

(a)

(b)

The sum of the fractions of the inhalation ALI for each radionuclide; or

The total number of derived air concentration-hours (DAC-hours) for all radionuclides divided by
2,000; or

(c) The sum of the calculated committed effective dose equivalents to all significantly irradiated
organs or tissues (T) 1 where the organ dose is expressed as a fraction of the annual limit. This
sum shall be calculated from bioassay data using appropriate biological models.

(3) Intake by oral ingestion. The licensee shall account for oral ingestion of radionuclides and include it in
demonstrating compliance with the limits when:

(a) The occupationally exposed individual intakes radionuclides by ingestion; and

(b) The oral ingestion exceeds 10 percent of the applicable oral ALI.

(4) Intake through wounds or absorption through skin. The licensee shall evaluate and, to the extent
practical, account for intakes through wounds or skin absorption.

(Note: The intake through intact skin has been included in the calculation of DAC for hydrogen-3 and
does not need to be further evaluated.)

1200 02 05 .520400-20-05-.52 Determination of External Dose from Airborne Radioactive Material.

In determining the dose from airborne radioactive material, the licensee shall include the contribution to the deep­
dose equivalent, lens-dose equivalent, and shallow-dose equivalent from external exposure to the radioactive
cloud (see Schedule RHS 8-30 footnotes 1 and 2).

(Note: Airborne radioactivity measurements and DAC values should not be used as the primary means to assess
the deep-dose equivalent when the airborne radioactive material includes radionuclides other than noble gases or
if the cloud of airborne radioactive material is not relatively uniform. The determination of the deep-dose
equivalent to an individual should be based upon measurements using instruments or individual monitoring
devices.)

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

120() ()2 ()5 .530400-20-05-.53 Determination of Internal Exposure.

(1) To assess the dose used to determine compliance with occupational dose equivalent limits, and when
required by 12()() ()2 ()5 .71 Rule 0400-20-05-.71, the licensee shall take suitable and timely
measurements of:

(a) Concentrations of radioactive materials in air in work areas; or

(b) Quantities of radionuclides in the body; or

(c) Quantities of radionuclides excreted from the body; or

(d) Combinations of these measurements.
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19

1 An organ or tissue is considered significantly irradiated if the product of the weighting factors, W r, and the committed dose equivalent, HTSO•

per unit intake for that organ or tissue is greater than 10 percent of the maximum weighted value of HT50 (i.e., WrHT50) per unit intake for any
organ or tissue.
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(2) The licensee shall assume that the concentration of airborne radioactive material inhaled by an individual
is equal to the concentration in the individual's ambient air unless:

(a) Respiratory protective equipment is used, as provided in Rule 1299 92 95 .92 0400-20-05-.92; or

(b) The assessment of intake is based on bioassays.

(3) When specific information is known about the physical and biochemical properties of the radionuclides
taken into the body or the behavior of the material in an individual, the licensee may:

(a) Use that information to calculate the committed effective dose equivalent, and if used, the
licensee shall document that information in the individual's record; and

(b) Upon prior approvai of the Division adjust the DAC or ALI values to reflect the actual physical and
chemical characteristics of airborne radioactive material (e.g., aerosol size distribution or density);
and

(c) Separately assess the contribution of fractional intakes of Class D, W or Y compounds of a given
radionuclide (see Schedule RHS 8-30) to the committed effective dose equivalent.

(4) If the licensee uses the measurements in 1299 92 95 .53 subparagraph (1 )(b) or (c) of this rule to assess
intakes of Class Y material, the licensee may delay recording and reporting the assessments for up to 7
months. This delay is allowed only if:

(a) It is necessary to make additional measurements basic to the assessments;

(b) Recording and reporting are not otherwise required by Rule 129992951410400-20-05-.141 or
1299 92 95 .14 J 0400-20-05-.143.

(5) If the identity and concentration of each radionuclide in a mixture are known, the fraction of the DAC
applicable to the mixture for use in calculating DAC-hours must be either:

(a) The sum of the ratios of the concentration to the appropriate DAC value (e.g., D, W, Y) from
Schedule RHS 8-30 for each radionuclide in the mixture; or

(b) The ratio of the total concentration for all radionuclides in the mixture to the most restrictive DAC
value for any radionuclide in the mixture.

(6) 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 DAC for the mixture must be the most restrictive DAC of
any radionuclide in the mixture.

(7) When a mixture of radionuclides in air exists, licensees may disregard certain radionuclides in the mixture
if:

(a) The licensee uses the total activity of the mixture in demonstrating compliance with the dose
limits in Rule 1299 92 95 .59 0400-20-05-.50 and in complying with the monitoring requirements
in 1299 92 95 .71 sUbparagraph (1)(b) of Rule 0400-20-05-.71;

(b) The concentration of any radionuclide disregarded is less than 10 percent of its DAC; and

(c) The sum of the percentages for all disregarded radionuclides does not exceed 30 percent.

(8) To calculate the committed effective dose equivalent, the licensee may assume that the inhalation of one
ALI, or an exposure of 2,000 DAC-hours, results in a committed effective dose equivalent of 5 rems (0.05
Sv). This assumption may only be made for radionuclides that have their ALis or DACs based on the
committed effective dose eqUivalent.

(9) When the ALI (and the associated DAC) is determined by the nonstochastic organ dose limit of 50 rems
(0.5 Sv), the intake of radionuclides that would result in a committed effective dose equivalent of 5 rems
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(0.05 Sv) (the stochastic ALI) is listed in parentheses in Table 1 of Schedule RHS 8-30. In this case, the
licensee may, as a simplifying assumption, use the stochastic ALis to determine committed effective dose
equivalent. However, if the licensee uses the stochastic ALls, the licensee must also demonstrate that
the limit in 120002 O§ .§O subparagraph (1)(a) of Rule 0400-20-05-.50 is met.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

120002 O§ .§4 0400-20-05-.54 Planned Special Exposures.

(1) A licensee or registrant may authorize an adult worker to receive doses in addition to the doses received
under the limits specified in Rule 1200 02 O§ .§O 0400-20-05-.50. Additional doses are allowed only if the
following conditions are satisfied:

(a) The additional doses are accounted for separately from the doses received under the limits in
Rule 1200 02 O§ .§O 0400-20-05-.50.

(b) The licensee or registrant authorizes a planned special exposure only in an exceptional situation
when alternatives that might avoid the dose estimated to result from the planned special
exposure are unavailable or impractical.

(c) The licensee or registrant (and employer if different from the licensee or registrant) gives specific
written authorization before the planned special exposure occurs.

(d) Before a planned special exposure, the licensee or registrant ensures that the individuals
involved are:

1. Informed of the purpose of the planned operation;

2. Informed of the estimated doses and associated potential risks and specific radiation
levels or other conditions that might be involved in performing the task; and

3. Instructed in the measures to be taken to keep the dose ALARA considering other risks
that may be present.

(e) Prior to permitting an individual to participate in a planned special exposure, the licensee or
registrant ascertains prior doses during the lifetime of the individual for each individual involved,
as required by 1200 02 O§ .1 JJ paragraph (2) of Rule 0400-20-05-.133.

(I) SUbject to 120002 O§ .§o paragraph (2) of Rule 0400-20-05-.50 the licensee or registrant does
not authorize a planned special exposure that would cause an individual to receive a dose from
all planned special exposures and all doses in excess of the limits to exceed:

1. The numerical values of any of the dose limits in 120002 O§ .§O paragraph (1) of Rule
0400-20-05-.50 in any year; and

2. Five times the annual dose limits in 1200 02 O§ .§O paragraph (1) of Rule 0400-20-05-.50
during the individual's lifetime.

(g) The licensee or registrant maintains records of the conduct of a planned special exposure in
accordance with Rule 120002 O§ .1J4 0400-20-05-.134 and submits a written report in
accordance with 1200 02 0§.14 4 Rule 0400-20-05-.144.

(h) The licensee or registrant records in the individual's record the best estimate of the dose resulting
from the planned special exposure. The dose from planned special exposures is not to be
considered in controlling future occupational dose of the individual under 1200 02 O§ .§O
paragraph (1) of Rule 0400-20-05-.50 but is to be included in evaluations required by (§) aRQ (6)
subparagraphs (1)(e) and (fl of this rule.

(i) The licensee or registrant gives the individual written notice of the estimated dose within 30 days
after the date of the planned special exposure.
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Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .550400-20-05-.55 Occupational Dose Limits for Minors.

The annual occupational dose limits for minors are 10 percent of the annual dose limits specified for adult workers
in Rule 12QQ Q2 Q5 .5Q 0400-20-05-.50.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .580400-20-05-.56 Dose to an Embryo/Fetus.

(1) The licensee or registrant shall ensure that the dose equivalent to an embryo/fetus during the entire
pregnancy, due to occupational exposure of a declared pregnant woman, does not exceed 0.5 rem (5
mSv). (For recordkeeping requirements see Rule 12QQ Q2 Q5 .135 0400-20-05-.135).

(2) Using ALARA the licensee or registrant shall make efforts to avoid substantial yariation above a uniform
monthly exposure rate to a declared pregnant woman.

(3) The dose equivalent to an embryo/fetus shall be taken as the sum of:

(a) The deep-dose equivalent to the declared pregnant woman; and

(b) The dose equivalent to the embryo/fetus from radionuclides in the embryo/fetus and radionuclides
in the declared pregnant woman.

(4) If when a woman declares her pregnancy to the licensee or registrant the dose equivalent to the
embryo/fetus is found to be 0.45 rem (4.5 mSv) or greater, the embryo/fetus is permitted an additional
dose equivalent not exceeding 0.05 rem (0.5 mSv) during the remainder of the pregnancy.

Authority: TCA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .570400-20-05-.57 through 12QQ Q2 Q5 .58 0400-20-05-.58 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .590400-20-05-.59 Order Requiring Furnishing of Bioassay Services.

Where necessary to ascertain the extent of an individual's exposure to concentrations of radioactive material, the
Division may require a licensee to make available to the individual bioassay services and to furnish a copy of the
reports of such services to the Division.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .€lQ 0400-20-05-.60 Dose Limits for Individual Members of the Public.

(1) Each licensee and registrant shall conduct operations so that:

(a) The total effective dose equivalent received by any individual member of the public from the
licensed or registered operation does not exceed 0.1 rem (1 mSv) in a year. This limit is
exclusive of the dose contribution from background radiation, from any medical administration the
individual has received, from exposure to individuals administered radioactive material and
released in accordance with 12QQ Q2 Q7 .35 Rule 0400-20-07-.35, from voluntary participation in
medical research programs, and from the licensee's disposal of radioactive material into sanitary
sewerage in accordance with 12QQ Q2 Q5 .122 Rule 0400-20-05-.122; and

(b) The dose in any unrestricted area from external sources, exclusive of the dose contributions from
patients administered radioactive material and released in accordance with 12QQ Q2 Q7 .35 Rule
0400-20-07-.35, does not exceed 0.002 rem (0.02 mSv) in anyone hour.

(2) if a licensee or registrant permits members of the public to have access to controlled areas, the limit for
members of the public continues to apply to those individuals.
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(3) Notwithstanding paragraph (1 )(a) of this rule, a licensee or registrant may permit visitors to an individual
who cannot be released, under 1200 02 07 .35 Rule 0400-20-07-.35, to receive a radiation dose greater
than 0.1 rem (1 mSv) if:

(a) The radiation dose received does not exceed 0.5 rem (5 mSv); and

(b) The authorized user, as defined in 12000207.05(5) Rule 0400-20-07-.05, has determined
before the visit that it is appropriate.

(4) A licensee, registrant or applicant may apply for prior authorization to operate up to an annual dose limit
for an individual member of the public of 0.5 rem (5 mSv). This application by the licensee, registrant or
applicant shall include the following:

(a) Demonstration of the need for and the expected duration of operations in excess of the limit in
paragraph (1) of this rule;

(b) The licensee's or registrant's program to assess and control dose within the 0.5 rem (5 mSv)
annual limit; and

(c) The procedures to be followed to maintain the dose as low as is reasonably achievable (ALARA).

(5) In addition to the requirements of this chapter, a licensee or registrant subject to the provisions of EPA's
generally applicable environmental radiation standards in 40 CFR Part 190 shall comply with those
standards.

(6) The Division may impose additional restrictions on radiation levels in unrestricted areas and on the total
quantity of radionuclides that a licensee or registrant may release in effluents in order to restrict the
collective dose.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .61 0400-20-05-61 Compliance with Dose Limits for Individual Members of the Public.

(1) The licensee or registrant shall demonstrate compliance with the dose limits in 12000205.60 Rule
0400-20-05-.60 by making or causing to be made surveys of:

(a) Radiation levels in unrestricted and restricted areas; and

(b) Radiation levels and radioactive materials in effluents released to unrestricted areas.

(2) A licensee or registrant shall show compliance with the annual dose limit in 120002 05 .6Q Rule 0400­
20-05-.60 by:

(a) Demonstrating by measurement or calculation that the individual likely to receive the highest dose
from the licensee's or registrant's operation does not receive a total effective dose equivalent
exceeding the annual dose limit; or

(b) Demonstrating that:

1. The annual average concentrations of radioactive material released in gaseous and liquid
effluents at the boundary of the unrestricted area do not exceed the values specified in
Table 2 of Schedule RHS 8-30; and

2. If an individual were continually present in an unrestricted area, the dose from external
sources would not exceed 0.002 rem (0.02 mSv) in an hour and 0.05 rem (0.5 mSv) in a
year.

(3) Upon approval from the Division, the licensee may adjust the effluent concentration values in Schedule
RHS 8-30, Table 2, for members of the public, to take into account the actual physical and chemical
characteristics of the effluents (e.g., aerosol size distribution, solubility, density, radioactive decay
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equilibrium, chemical form).

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .52 0400-20-05-.62 through 12QQ Q2 Q5 .59 0400-20-05-.69 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .7Q 0400-20-05-.70 General Survey and Monitoring Requirements.

(1) Each licensee and registrant shall make or cause to be made, surveys that:

(a) May be necessary for the licensee or registrant to comply with the standards in this chapter; and

(b) Are reasonable under the circumstances to evaluate:

1. The magnitude and extent of radiation levels;

2. Concentrations or quantities of radioactive material; and

3. The potential radiological hazards.

(2) The licensee or registrant shall ensure that instruments and equipment used for quantitative radiation
measurements (e.g., dose rate and effluent monitoring) are calibrated periodically for the radiation
measured.

(3) Except for direct and indirect reading pocket ionization chambers and those dosimeters used to measure
the dose to the extremities, all personnel dosimeters for determining the dose and used to comply with
these standards or with conditions specified in a license or registration shall be processed and evaluated
by a dosimetry processor:

(a) Holding current personnel dosimetry accreditation from the National Voluntary Laboratory
Accreditation Program (NVLAP) of the National Institute of Standards and Technology; and

(b) Approved for processing and evaluating dosimeters exposed to the type of radiation(s) included
in the NVLAP program that most closely approximates the type of radiation(s) being monitored by
the dosimeter.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .71 0400-20-05-.71 Conditions Requiring Individual Monitoring of External and Internal Occupational
Dose.

(1) Each licensee and registrant shall monitor exposures to radiation and radioactive material at levels
sufficient to demonstrate compliance with the occupational dose limits of this chapter:

(a) Each licensee and registrant shall monitor occupational exposure to radiation from licensed or
unlicensed and registered or unregistered radiation sources under the control of the licensee and
registrant and shall supply and require the use of individual monitoring devices by:

1. Adults likely to receive, in 9Ae 1 year from sources external to the body, a dose in excess
of 10 percent~ of the limits in 12QQ Q2 Q5 .5Q Rule 0400-20-05-.50;

2. Minors likely to receive, in 9Ae 1 year from radiation sources external to the body, a deep
dose equivalent in excess of 0.1 rem (1 mSv), a lens dose equivalent in excess of 0.15
rem (1.5 mSv), or a shallow dose equivalent to the skin or to the extremities in excess of
0.5 rem (5 mSv);

3. Declared pregnant women likely to receive during the entire pregnancy, from radiation
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sources external to the body, a deep dose equivalent in excess of 0.1 rem (1 mSv) 2; and

4. Individuals entering a high or very high radiation area.

(2) Each licensee shall monitor (see 1200 02 05 .53 Rule 0400-20-05-.53) the occupational intake of
radioactive material by, and assess the committed effective dose equivalent to:

(a) Adults likely to receive, in GR6 1 year, an intake in excess of ten percent~ of the applicable
ALI(s) in Table 1, Columns 1 and 2, of Schedule RHS 8-30;

(b) Minors likely to receive, in GR6 1 year, a commilted effective dose equivalent in excess of 0.1 rem
(1 mSv); and

(c) Declared pregnant women likely to receive, during the entire pregnancy, a committed effective
dose equivalent in excess of 0.1 rem (1 mSv).

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12000205 .72 0400-20-05-.72 through 12000205.790400-20-05-.79 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .SO 0400-20-05-.80 Control of Access to High Radiation Area Requirements.

(1) The licensee or registrant shall ensure that each access to a high radiation area has one or more of the
following control features:

(a) A device that, upon an attempt at entry and before any opening into the area occurs, reduces the
level of radiation. Before an opening occurs the level of radiation shall be below that at which an
individual could receive a deep-dose equivalent of 0.1 rem (1 mSv) in 1 hour at 30 centimeters
from the source of radiation or any surface that the radiation penetrates;

(b) A device that emits a conspicuously visible or audible alarm so the individual entering the high
radiation area and the supervisor of the activity are made aware of the entry; or

(c) Locked entryways, except when access to the area is required, with positive control over each
individual entry.

(2) In the case of a high radiation area established for a period of 30 days or less, the licensee or registrant
may substitute continuous direct or electronic surveillance to prevent unauthorized entry for the controls
required in paragraph (1) of this rule.

(3) A licensee or registrant may apply to the Division for approval of alternative methods for controlling
access to high radiation areas.

(4) No control required by paragraphs (1) through (3) of this rule shall prevent individuals from leaving a high
radiation area.

(5) Control is not required for each entrance or access point to a room or other area that is a high radiation
area solely because of the presence of radioactive materials prepared for transport and packaged and
labeled in accordance with the regulations of the U.S. Department of Transportation provided that:

(a) The packages do not remain in the area longer than 3 days; and

(b) The dose rate at 1 meter from the external surface of any package does not exceed 0.01 rem (0.1
mSv) per hour.

(6) Control of areas in hospitals is not required solely because of the presence of patients containing
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radioactive material, provided:

(a) There are personnel in attendance who will take necessary precautions to prevent exposure of
individuals to radiation or radioactive material in excess of the limits in these standards; and

(b) The licensee operates within the ALARA provisions of its radiation protection program.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .81 0400-20-05-.81 Control of Access to Very High Radiation Areas.

In addition to the requirements in 12QQ Q2 Q5 .8Q Rule 0400-20-05-.80, the licensee or registrant shall institute
additional measures to ensure that an individual is not able to gain unauthorized or inadvertent access to areas in
which radiation levels could be encountered at 500 rads (5 grays) or more in 1 hour at 1 meter from a source of
radiation or any surface through which the radiation penetrates.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .820400-20-05-.82 Control of Access to Very High Radiation Areas - Irradiators.

(1 ) Each area in which there may exist radiation levels in excess of 500 rads (5 grays) in 1 hour at 1 meter
from a radiation source' that is used to irradiate materials shall meet the following requirements:

(a) At least one authorized person who is familiar with the activity of the facility and is prepared to
render or summon assistance shall be physically present when radiation is produced.

(b) Each installation shall have primary barriers and/or secondary barriers sufficient to assure
compliance with Rules 12QQ Q2 Q5 .5Q 0400-20-05-.50, 12QQ Q2 Q5 .55 0400-20-05-.55,~
Q2 Q5 .560400-20-05-.56 and 12QQ Q2 Q5 .6Q 0400-20-05-.60 of these standards.

(c) Each irradiation area shall be constructed so that persons within the area shall at all times be
able to leave. Access control devices required by 12QQ Q2 05 .82(1) parts (h)2 through 4 of this
paragraph shall not prevent an individual from leaving the area.

(d) Devices and administrative procedures shall control each area to ensure that the area is clear of
individuals prior to irradiation.

(e) After any use of the radiation source and prior to the first individual's entry into the area, the area
shall be surveyed to ensure that the radiation level in the area from the radiation source is below
that at which an individual could receive a deep-dose equivalent in excess of 0.1 rem (1 mSv) in 1
hour.

(f) Control Panel:

1. Only the operator at the control panel shall be able to activate an irradiator to create a
radiation field in any area.

2. The irradiator control panel shall be provided with a locking device to prevent
unauthorized use. The locking device shall, when locked, make the irradiator incapable
of creating a radiation field.

3. The control panel and each entrance to an irradiation area shall have a device that gives
a continuous indication of the radiation levels present in the area(s).

4. All meters and controls on the irradiator control panel shall be identified and discernible.

5. The operator shall have at the control panel a copy of operating and emergency

RDA 1693
26

3 This rule applies to radiation from radiation sources that are used in non-self-shielded configuration. This rule does not apply to sources of
radiation that are used in teletherapy, in radiography, or in completely self-shielded irradiators in which the source is both stored and operated
within the same shielding radiation barrier and, in the designed configuration afthe equipment, is always physically inaccessible to any
individual and cannot create high levels of radialion in an area that is accessible to any individual.
88-7039 (July 2010)



procedures specific for that facility.

(g) Warning Devices:

1. Each area shall have devices that automatically generate conspicuously visible and
audible alarm signals for at least five (5) seconds before irradiation begins. Following
activation of these warning devices, there shall be a delay of not less than thirty (30)
seconds before the irradiation may begin. The alarm signals shall be discernible in all
irradiation areas. The alarm signals shall be sufficient to alert personnel in the area and
to allow any individual in the area to reach and to operate the clearly identified
emergency shut-off switches required in 12QQ Q2 Q5 .82(1) part (h)1 of this paragraph

2. Each area shall have visible flashing or rotating warning lights that operate when, and
only when, radiation is being produced. Each entrance shall have a visible warning
device that need not be flashing or rotating, but which operates when, and only when,
radiation is being produced.

(h) Control Devices:

1. Each area shall contain accessible emergency shut-off switches. Operation of an
emergency shut-off switch shall prevent irradiation from occurring. These switches and
their mode of operation shall be identified by a conspicuously posted sign adjacent to
each switch. Shut-off switches shall include a manual reset at each switch that must be
reset at the switch before the irradiator may be reactivated by the operator at the control
panel.

2. Each entrance or access point shall be equipped with interlocks. When any interlock is
interrupted, broken, or tripped and before any opening into the area occurs, either:

(i) The irradiator shall shut off automatically; or

(ii) The radiation level within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour.

After shut-off or reduction in output, restoring the irradiator to full operation shall be
possible only from the control panel.

3. Additional control devices shall be provided so that, upon failure of the interlocks to
function as required by 12QQ Q2 Q5 .82(1)(R) part 2 of this subparagraptl

(i) The radiation level within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour; and

(ii) Conspicuousiy visible and audible alarm signals shall be generated that make
the following persons aware of the hazard and of the failure of the interlocks:

(I) Any individual attempting to enter the area; and

(II) The individual required to be present in SUbparagraph fl*a) of this flIIe
paragraph.

4. Interlocks shall not be used to shut off the irradiator except in an emergency or during
testing.

5. Interlocks shall be bypassed only to test, adjust, maintain, and/or rearrange equipment.
A conspicuous indication of the bypassed condition shall be made at the control panel.
This SUbparagraph does not authorize the operation of an irradiator with warning devices,
interlocks, emergency shut-off switches or other control devices that are incapable of
proper operation.
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6. Activities in which interlocks are bypassed as permitted under 121111112 ll5 .82(1)(A) part
5 of this subparagraph shall be:

(i) Authorized only by the radiation safety officer;

(ii) Performed only for a specified time;

(iii) Recorded, showing:

(I) Date,

(II) Length of time bypassed,

(III) Reason for bypassing, and

(IV) Signature of the individual installing and removing the bypass.

These records shall be maintained for inspection by the Division; and

(iv) Performed at low power and current, if possible.

7. No individual shall be permitted to enter an area, the access of which is controlled by
interlocks, while such interlocks are bypassed as permitted in 12llQ ll2 ll5 .82(1)(A) part5
of this SUbparagraph, unless such individual is utilizing personnel monitoring equipment
that shall give an audible indication when a dose rate of Q015 rem (Q 15 mSv) per hour is
exceeded. The personnel monitoring equipment referred to in this llaragrallA part is in
addition to that required elsewhere in these standards. Calibration requirements in 4-2llll­
ll2 Q5 .7Q paragraph (2) of Rule 0400-20-05-.70 shall also apply to such personnel
monitoring equipment.

8. The licensee or registrant shall provide control devices so that, upon failure or removal of
physical radiation barriers other than a sealed source's shielded storage container:

(i) The radiation level within the area from the radiation source shall be reduced
below that at which an individual could receive a deep-dose equivalent in excess
of 0.1 rem (1 mSv) in 1 hour; and

(ii) Conspicuously visible and audible alarm signals shall be generated that make
the following persons aware of the hazard and of the failure or removal of the
physical barrier:

(I) Any individual attempting to enter the area; and

(II) The individual required to be present in subparagraph fB:a) of this Hlle
paragraph.

9. When the shield for the stored sealed source(s) is a liquid, the licensee shall provide
means to monitor the integrity of the shield and to signal, automatically, loss of adequate
shielding.

10. Physical radiation barriers that comprise permanent structural components, such as
walls, which have no credible probability of failure or removal in ordinary circumstances
need not meet the requirements of (-B{Il} part 8 of this Hlle subparagraph

(i) There shall be available at each facility portabie radiation monitoring equipment that is operable
and has been calibrated for the radiations being produced by the facility. Such equipment shall
be tested for operation and calibrated at intervals not to exceed lRfee 3 months and after each
instrument servicing or repair. A note shall be attached to each instrument showing the latest
calibration date. Records of calibration shall be maintained for inspection by the Division.
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OJ The interlock and emergency shut-off systems required in subparagraph f4-l(h) of this RIle
paragraph shall be separate electrical circuits and/or mechanical systems.

(k) Electrical circuit diagrams of the irradiator and the associated interlock and emergency shut-off
systems shall be kept current and on file at each irradiator facility.

(I) The access control and warning devices required in 12QQ Q2 Q5 .82(1) sUbparagraphs (g) and (h)
of this paragraph shall have been tested for proper functioning (see 12QQ Q2 Q5 .1J8 Rule 0400­
20-05-.138 for recordkeeping requirements).

1. Unless irradiation was continued uninterrupted from the previous day, testing shall be
conducted prior to daily initiation of irradiation;

2. After any unintended interruption, testing shall be conducted prior to resumption of
irradiation; and

3. The licensee or registrant shall submit and adhere to a schedule for periodic tests of the
access control and warning systems.

(m) The licensee or registrant shall not conduct operations, other than those necessary to place the
radiation source in safe condition or to effect repairs on controls, unless control and warning
devices are functioning properly.

(n) Portals used in transporting only materials to and from the irradiation area shall be controlled by
devices and administrative procedures that warn and physically protect individuals from
inadvertent entry. Exit portals shall be equipped to:

1. Detect and signal the presence of any loose radiation sources being carried toward such
an exit; and

2. Automatically prevent loose radiation sources from being carried out of the area.

(0) Licensees, registrants or applicants may apply to the Division for approval of alternative safety
measures for irradiators, provided:

1. The irradiator is within the purview of this rule;

2. The irradiator will be used in a variety of positions or locations (such as open fields or
forests) that make it impractical to comply with certain requirements of subparagraph
t1i<h) of this RIle paragraph (such as automatic control of radiation levels);

3. Any alternative safety measures shall provide a degree of personnel protection at least
equivalent to those specified in this rule;

4. At least one of the alternative measures shall include an access-preventing interlock
control based on a measurement of the radiation. This interlock control shail ensure that
no individual can gain access to the area in which an individual could receive a deep­
dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour at 30 centimeters from the
radiation source or any surface that the radiation penetrates.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .8J 0400-20-05-.83 through 12QQ Q2 Q5 .890400-20-05-.89 Reserved.

12QQ Q2 Q5 .9Q 0400-20-05-.90 Use of Process or Other Engineering Controls.

The licensee shall use, to the extent practicable, process or other engineering controls (e.g., containment,
decontamination or ventilation) to control the concentrations of radioactive material in air.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.
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120002 Oa .91 0400-20-05-.91 Use of Other Controls.

j

(1 ) The licensee shall maintain the total effective dose equivalent ALARA by limiting intakes and increased
monitoring if process or other. engineering controls are not practical to control airborne radioactive
materials concentration below those contained in the definition of airborne radioactivity area in 1200 02
~ Rule 0400-20-05-.32. The limitation of intakes and increased monitoring shall be by one or more
of the following means:

(a) Control of access;

(b) Limitation of exposure times;

(c) Use of respiratory protection equipment; or

(d) Other mechanisms specifically approved by the Division.

(2) If the licensee performs an ALARA analysis to determine whether respirators should be used, the
licensee may consider safety factors other than radiological factors. The licensee should also consider
the impact of respirator use on workers' industrial health and safety.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

120002 Oa .920400-20-05-.92 Use of Individual Respiratory Protection Equipment

(1) If the licensee assigns or permits the use of respiratory protection equipment to limit intakes pursuant to
1200 02 Oa .91 Rule 0400-20-05-.91:

(a) The licensee shall use only respiratory protection equipment that is tested and certified or had
certification extended by the National Institute for Occupational Safety and Health/Mine Safety
and Health Administration (NIOSH/MSHA), except as otherwise noted in this chapter.

(b) A licensee desiring to use equipment that has not been tested or certified by NIOSH, or for which
there is no schedule for testing or certification, shall apply for authorization except as provided in
this chapter. The application shall demonstrate by licensee testing or on the basis of reliable test
information, that the equipment's material and performance characteristics provide protection
equivalent to that of the equipment in ~aragraph \4J(a) of this f\IIe paragraph under
anticipated conditions of use.

(c) The licensee shall implement and maintain a respiratory protection program that includes:

1. Air sampling sufficient to identify the potential hazard, permit proper equipment selection
and estimate doses;

2. Surveys and bioassays, as appropriate, to evaluate actual intakes;

3. Testing of respirators for operability (user seal check for face sealing devices and
functional check for other) immediately before each use;

4. Written procedures regarding:

(i) The routine, non-routine and emergency use of respirators,

(ii) Respirator selection,

(iii) Fit testing,

(iv) Limitations on periods of respirator use and relief from respirator use,

(v) Storage, issuance, maintenance, repair, testing and quality assurance of
respiratory protection equipment, including testing for operability immediately
before each use;
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(vi) Supervision and training of respirator users;

(vii) Monitoring, including air sampling and bioassays;

(viii) Breathing air quality;

(ix) Inventory and control;

(x) Record keeping; and

(xi) The use of process or other engineering controls, instead of respirators;

5. Determination by a physician that the individual user is medically fit to use the respiratory
protection equipment before:

(i) The initial fitting of a face-sealing respirator;

(ii) The first field use of non-face-sealing respirators; and

(iii) Either every 12 months thereafter or periodically at a frequency determined by a
physician;

6. Fit testing, with fit factor 2: 10 times the APF for negative pressure devices, and a fit factor
2: 500 for any positive pressure, continuous flow, and pressure-demand devices, before
the first field use of tight fitting, face-sealing respirators and periodically thereafter at a
frequency not to exceed 1 year. Fit testing must be performed with the facepiece
operating in the negative pressure mode.

(d) The licensee shall advise each respirator user that the user may leave the area at any time for
relief from respirator use in the event of equipment malfunction, physical or psychological
distress, procedural or communication failure, significant deterioration of operating conditions or
any other conditions that might require such relief.

(e) The licensee's use of the equipment shall not exceed the equipment's specifications. The
licensee shall provide proper visual, communication and other special capabilities (such as
adequate skin protection) when needed.

(f) The licensee shall also consider limitations appropriate to the type and mode of use. When
selecting respiratory devices the licensee shall provide for vision correction, adequate
communication, low temperature work environments and the concurrent use of other safety or
radiological protection equipment. The licensee shall use equipment in such a way as not to
interfere with the proper operation of the respirator.

(g) Standby rescue persons are required whenever one-piece atmosphere-supplying suits, or any
combination of supplied air respiratory protection device and personnel protective equipment are
used from which an unaided individual would have difficulty extricating himself or herself. The
standby persons shall be equipped with respiratory protection devices or other apparatus
appropriate for the potential hazards. The standby rescue persons shall observe or otherwise
maintain continuous communication with the workers (visual, voice, signal line, telephone, radio,
or other suitable means), and be immediately available to assist them in case of a failure of the
air supply or for any other reason that requires relief from distress. A sufficient number of
standby rescue persons shall be immediately available to assist all users of this type of
equipment and to provide effective emergency rescue if needed.

(h) Atmosphere-supplying respirators shall be supplied with respirable air of grade D quality or better
as defined by the Compressed Gas Association in publication G-7.1, "Commodity Specification
for Air," 1997 and included in the regulations of the Occupational Safety and Health
Administration (29 CFR 1910.134(i)(1)(ii)(A) through (E). Grade D quality air criteria include:

31

1. Oxygen content (vlv) of 19.5-23.5%;
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2. Hydrocarbon (condensed) content of 5 milligrams per cubic meter of air or less;

3. Carbon monoxide (CO) content of 10 ppm or less;

4. Carbon dioxide content of 1,000 ppm or less; and

5. Lack of noticeable odor.

(i) The licensee shall ensure that no objects, materials or substances, such as facial hair, or any
conditions that interfere with the face -- facepiece seal or valve function, and that are under the
control of the respirator wearer, are present between the skin of the wearer's face and the sealing
surface of a tight-fitting respirator facepiece.

U) In estimating the dose to individuals from intake of airborne radioactive materials, the
concentration of radioactive material in the air that is inhaled when respirators are worn is initially
assumed to be the ambient concentration in air without respiratory protection, divided by the
assigned protection factor. If the dose is later found to be greater than the estimated dose, the
corrected value shall be used. If the dose is later found to be less than the estimated dose, the
corrected value may be used.

(2) In estimating an individual's exposure to airborne radioactive materials, the licensee may make allowance
for respiratory protection equipment used to limit intakes pursuant to 120002 05 .91 Rule 0400-20-05­
JU. To make such an allowance the following conditions, in addition to those in 12000205 .92
paragraph (1) of this rule shall be satisfied:

(a) The licensee selects respiratory protection equipment that provides a protection factor (see
Schedule RHS 8-32) greater than the multiple by which peak concentrations of airborne
radioactive materials in the working area are expected to exceed the values specified in Schedule
RHS 8-30, Table 1, Column 3. If the selection of a respiratory protection device with a protection
factor greater than the peak concentrations is inconsistent with the goal specified in 1200 02 05
~ Rule 0400-20-05-.91 of keeping the total effective dose equivalent ALARA, the licensee may
select respiratory protection equipment with a lower protection factor only if such a selection
would result in keeping the total effective dose equivalent ALARA. The concentration of
radioactive material inhaled when respirators are used may be initially estimated by dividing the
average concentration in air, during each period of uninterrupted respirator use, by the protection
factor. If the exposure is later found to exceed the estimate, the corrected value shall be used; if
the exposure is later found to be less than the estimate, the corrected value may be used.

(b) The licensee shall obtain authorization from the Division before assigning respiratory protection
factors in excess of those specified in Schedule RHS 8-32. The Division may authorize a
licensee to use higher protection factors on receipt of an application that:

1. Describes the situation for which a need exists for higher protection factors; and

2. Demonstrates that the respiratory protection equipment provides these higher protection
factors under the proposed conditions of use.

(c) The licensee shall use as emergency devices only respiratory protection equipment that has been
specifically certified or had certification extended for emergency use by NIOSH/MSHA.

(d) The licensee shall notify, in writing, the Division at least 30 days before the date that respiratory
protection equipment is first used under the provisions of either 1200 02 05 .92 paragraph (1) or
(2) of this rule.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12000205 .9d 0400-20-05-.93 Further Restrictions on the Use of Respiratory Protection Equipment.

(1) The Division may impose restrictions in addition to those in 12000205.91,12000205.92 Rules 0400­
20-05-.91 and 0400-20-05-.92 and in Schedule RHS 8-32 to:
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(a) Ensure that the respiratory protection program of the licensee is adequate to limit doses of
individuals from intakes of airborne radioactive materials consistent with maintaining total
effective dose equivalent ALARA; and

(b) Limit the extent to which a licensee may use respiratory protection equipment instead of process
or other engineering controls.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12(JQ (J2 (J§ .9~ 0400-20-05-.94 Application for Use of Higher Assigned Protection Factors.

(1) The licensee shall obtain authorization from the Division before using assigned respiratory protection
factors in excess of those specified in Schedule RHS 8-32. The Division may authorize a licensee to use
higher protection factors on receipt of an application that:

(a) Describes the situation for which a need exists for higher protection factors; and

(b) Demonstrates that the respiratory protection equipment provides these higher protection factors
under the proposed conditions of use.

(2) Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12(J(J (J2 (J§ .9§ 0400-20-05-.95 through 12(J(J (J2 (J§ .990400-20-05-.99 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12(J(J (J2 (J§ .1 (JQ 0400-20-05-.100 Security of Stored Material.

The licensee or registrant shall secure stored radiation sources against unauthorized access or removal.

Authority: T.CA. §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q§ .1Q1 0400-20-05-.101 Control of Material Not in Storage.

The licensee shall control and maintain constant surveillance of radioactive material that is not in storage.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq

12Q(J (J2 (J§ .1 (J2 0400-20-05-.102 through 12(J(J (J2 (J§ .1 (J9 0400-20-05-.109 Reserved.

12(J(J (J2 Q§ .11 (J 0400-20-05-.110 Caution Signs.

(1) Unless otherwise authorized by the Division, the standard radiation symbol prescribed by this Chapter
shall use the colors magenta, or purple, or black on yellow background. The symbol prescribed by this
chapter is the three-bladed design:
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RADIATION SYMBOL

(a) Cross-hatched area is to be magenta, or purple, or black; and

(b) The background is to be yellow.

(2) The color requirements of paragraph (1) of this rule do not apply to licensees and registrants who use
conspicuously etched or stamped radiation symbols to label sources, source holders or device
components containing sources of radiation that are subjected to high temperatures.

(3) On or near the required signs and labels, the licensee or registrant may provide additional information to
make individuals aware of potential radiation exposures and to minimize the exposures.

Authority: T.CA §§ 68-202-201 et seq, and 4-5-201 et seq.

12QQ Q2 Q5 .111 0400-20-05-.111 Posting Requirements.

(1) The licensee or registrant shall post each radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, RADIATION AREA."

(2) The licensee or registrant shall post each high radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, HIGH RADIATION AREA" or "DANGER, HiGH RADIATION
AREA."

(3) The licensee or registrant shall post each very high radiation area with a conspicuous sign or signs
bearing the radiation symbol and words "GRAVE DANGER, VERY HIGH RADIATION AREA."

(4) The licensee shall post each airborne radioactivity area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAUTION, AIRBORNE RADIOACTiVITY AREA" or "DANGER,
AIRBORNE RADIOACTIVITY AREA."

(5) Each area where radioactive material is used or stored in amounts exceeding 10 times that specified in
Schedule RHS 8-31 shall be posted by the licensee with conspicuous sign(s) bearing the radiation
symbol and the words "CAUTION, RADIOACTIVE MATERIAL(S)" or "DANGER, RADIOACTIVE
MATERIAL(S)."

(6) A licensee is not required to post caution signs in areas or rooms containing radioactive materials for
periods of less than 8 hours, if each of the following conditions is met:

(a) The materials are constantly attended during these periods by an individual who takes the
precautions necessary to prevent the exposure of individuals to radiation or radioactive materials
in excess of the limits established in this chapter; and

34

(b) The area or room is subject to the licensee's control.
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(7) Rooms or other areas in hospitals that are occupied by patients are not required to be posted with caution
signs pursuant to 12000205.111 this rule provided that:

J

(a) The patient is being treated with sealed sources or has been treated with unsealed radioactive
material in quantities less than 30 millicuries (110 MBq) or the measured dose rate at 1 meter
from the patient is less than 0.005 rem (0.05 mSv) per hour; and

(b) There are personnel in attendance who will take the necessary precautions to:

1. Prevent the exposure of individuals to radiation and radioactive material in excess of
these Basic Standards; and

2. Operate within the ALARA provisions of the licensee's radiation protection program.

(8) 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 at 30 centimeters from the surface of the source container or housing
does not exceed 0.005 rem (0.05 mSv) per hour.

(9) A room containing medical or dental diagnostic x-ray equipment, restricted to use within the room, need
not be posted as noted in 1200 02 05 .111 paragraphs (1) and (2) of this rule provided:

(a) The registrant exercises control to ensure the patient will be the only person exposed to radiation
levels exceeding the limits in these standards; and

(b) Each room entrance is identified as an "X-ray Room".

(10) Provided a room or area is not otherwise required to be posted under paragraphs (1) or (2) of this rule, a
room or area will not have to be so posted because mobile or portable medical or dental diagnostic x-ray
equipment is intermittently used between rooms and/or areas.

(11) All radiation machines shall be clearly labeled at the control panel near the switch that energizes the
apparatus, and at any remote switch that energize the apparatus, with the words "CAUTION
RADIATION - THIS EQUIPMENT PRODUCES RADIATION WHEN ENERGIZED" or "DANGER ­
RADIATION - THIS EQUIPMENT PRODUCES RADIATION WHEN ENERGIZED"

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .112 0400-20-05-:112 ReseNed.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .11 d 0400-20-05-.113 Labeling Containers.

(1) The licensee shall ensure that each container of radioactive material bears a durable, clearly visible label
bearing the radiation symbol and the words "CAUTION, RADIOACTIVE MATERIAL" or "DANGER,
RADIOACTIVE MATERIAL." The label shall also provide sufficient information to permit individuals
handling, using or in the vicinity of the containers to take precautions to avoid or minimize exposures.
Such information may need to include, without limitation, the radionuclide(s) present, an estimate of the
quantity of radioactivity, the date for which the activity is estimated, radiation levels, the kinds of material
and the mass enrichment.

(2) Prior to removal or disposal of empty uncontaminated containers to unrestricted areas, the licensee shall:

(a) Remove or deface the radioactive material label; or

(b) Otherwise clearly indicate that the container no longer contains radioactive materials.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

35

1200 02 05 .114 0400-20-05-.114 Exemptions To Labeling Requirements.
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(1) A licensee is not required to label:

(a) Containers holding radioactive material in quantities less than the quantities listed in Schedule
RHS 8-31;

(b) Containers holding radioactive materiai in concentrations less than those specified in Table 2 of
Schedule RHS 8-30;

(c) Containers attended by an individual who takes the precautions necessary to prevent the
exposure of individuals in excess of the limits established by this chapter;

(d) Containers when they are in transport and packaged and labeled in accordance with the
regulations of the U.S. Department of Transportation';

(e) Containers that are accessibie only to individuals authorized to handle, use or be in the vicinity of
the containers, if the contents are identified to these individuals by a readily available written
record. Examples of containers of this type are containers in locations such as water-filled
canals, storage vaults or hot cells. The record shall be retained as long as the containers are in
use for the purpose indicated on the record; or

(f) Installed manufacturing or process equipment, such as reactor components, piping, and tanks.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .115 0400-20-05-.115 Procedures for Receiving and Opening Packages.

(1) Each licensee who expects to receive a package containing quantities of radioactive material in excess of
a Type A quantity, as defined in 6~9~aFagFa~R 12000204 .04(1)(lIi) Rule 0400-20-04-.04, shall arrange
to receive:

(a) The package when the carrier offers it for delivery; or

(b) Notification of the arrival of the package at the carrier's terminal and to take possession of the
package expeditiously.

(2) Each licensee shall:

(a) Monitor the external surfaces of a labeleds package for radioactive contamination unless the
package contains only radioactive material in the form of a gas or in special form as defined in
sOO~aFagFa~R 1200 02 04 .04(1)(999) Rule 0400-20-04-.04;

(b) Monitor the external surfaces of a labeled package for radiation levels unless the package
contains quantities of radioactive material that are less than or equal to the Type A quantity, as
defined in 6~9~aFagFa~R 12000204 .04(1)(iii) Rule 0400-20-04-.04 and Rule 12000210 .37
0400-20-10-.37, Schedule RHS 10-6; and

(c) Monitor all packages known to contain radioactive material for radioactive contamination and
radiation levels if there is evidence of degradation of package integrity, such as packages that are
crushed, wet or damaged.

(3) The licensee shall monitor as soon as practical after receipt of the package. A package received at the
licensee's facility during the licensee's normal working hours or showing evidence of package degradation
shall be monitored within lIlfee 3 hours. A package not received during the licensee's normal working
hours and not showing evidence of package degradation shall be monitored no later than lIlfee 3 hours
after the beginning of the next working day.

RDA 1693
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4 Labeling of packages containing radioactive materials is required by the U.S. Department of Transp~rtation (DOT) if the amount and type of
radioactive material exceeds the limits for an excepted quantity or article as defined and limited by DOT regulations 49 C.F.R. 173.403 (m)
and (w) and 173.421-424.
5 Labeled means labeled with a Radioactive White I, Yellow II or Yellow III label as specified in U.S. Department of Transportation (DOT)
regulations in 49 CFR §§172.403 and 172.436-440, as published October 1, 1993.
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(4) The licensee shall immediately notify the final delivery carrier and the Division by telephone, telegram,
mailgram or facsimile when either removable radioactive surface contamination or external radiation
levels exceed the following:

(a) Removable radioactive surface contamination limits:

1. The level of removable (non-fixed) radioactive contamination on the external surfaces of
each package offered for transport shall be kept ALARA. The level of removable
radioactive contamination may be determined by wiping an area of 300 square
centimeters of the surface concerned with an absorbent material, using moderate
pressure, and measuring the activity on the wiping material. Sufficient measurements
shall be taken in the most appropriate locations to yield a representative assessment of
the removable contamination levels. Except as provided in part 12Qg Q2 Q5 .115(4)(a) 2
of this subparagraph, the amount of radioactivity measured on any single wiping material,
when averaged over the surface wiped, shall not exceed the limits set forth in Table RHS
5-3 at any time during transport. Other methods of assessment of equal or greater
efficiency may be used. When other methods are used, the detection efficiency of the
method used shall be taken into account and in no case shall the removable
contamination on the external surfaces of the package exceed lefl10 times the limits set
forth in Table RHS 5-3

Table RHS 5-3 REMOVABLE EXTERNAL RADIOACTIVE CONTAMINATION WIPE LIMITS

Maximum Permissible Limits
Contaminant Bq/cm 2 f,Ci/cm ' dpm/cm

2

Beta and gamma emitters and low 0.37
toxicity alpha emitters; all
radionuclides with half-lives less than
10 days; natural uranium; natural
thorium; uranium-235; uranium-238;
thorium-232; thorium-228; and
thorium-230 when contained in ores
or physical concentrates
All other alpha emitting radionuclides 0.037

1 (E-5)

1 (E-6)

22

2.2

2. For packages transported as exclusive use shipments by rail or highway only, the
removable contamination at any time during transport shall not exceed lefl1 0 times the
levels prescribed in Table RHS 5-1. The levels at the beginning of transport shall not
exceed the levels prescribed in Table RHS 5-1.

(b) External radiation limits:

1. The external radiation levels around the package and around the vehicle, if applicable,
shall not exceed 200 millirems (2 millisieverts) per hour at any point on the external
surface of the package at any time during transportation. The transport index shall not
exceed 10.

)

2. A package that exceeds the radiation level limits specified in part 12Qg Q2 g5 .115(4)(1:l)1
of this SUbparagraph shall be transported as exclusive use by rail, highway, or water, and
the radiation levels external to the package shall not exceed the following during
transportation:

(i) 200 millirems (2 millisieverts) per hour on the accessible external surface of the
package, unless the following conditions are met, in which case the limit is 1,000
millirems (10 millisieverts) per hour:

(I) The shipment is made in a closed transport vehicle;
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fixed during transportation; and

(III) There are no loading or unloading operations between the beginning and
end of the transportation;

(ii) TWQ R~AeFQe 200 millirems (2 millisieverts) per hour at any point on the outer
surface of the vehicle, including the top and underside of the vehicle, or in the
case of a flat-bed style vehicle, at any point on the vertical planes projected from
the outer edges of the vehicle, on the upper surface of the load, or enclosure, if
used, and on the lower external surface of the vehicle; and

(iii) TeR 10 millirems (0.1 millisievert) per hour at any point 2 meters (6.6 feet) from
the outer lateral surfaces of the vehicle (excluding the top and underside of the
vehicle); or in the case of a flat-bed style vehicle, at any point 2 meters from the
vertical planes projected from the outer edges of the vehicle (excluding the top
and underside of the vehicle); and

(iv) Twe 2 millirems (0.02 millisievert) per hour in any normally-occupied space 'of
the vehicle, except that this provision does not apply to private motor carriers if
persons occupying these spaces wear radiation monitoring devices in
accordance with Rule 12QQ Q2 Q§ .71 0400-20-05-.71.

(5) Each licensee shall:

(a) Establish, maintain and retain written procedures for safely opening packages in which
radioactive material is received; and

(b) Ensure that the procedures are followed and that due consideration is given to special
instructions for the type of package being opened.

(6) Licensees transferring special form sources to or from a work site in licensee owned or operated vehicles
are exempt from the contamination monitoring requirements of paragraph (2) of this rule. Licensees are
not exempt from the requirement in paragraph (2) of this rule for surveying radiation levels to ensure that
the source is still properly secured in its shield.

Authority: T.eA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q§ .11e 0400-20-05-.116 through 12QQ Q2 Q§ .119 0400-20-05-.119 Reserved.

Authority: T.eA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q§ .12Q 0400-20-05-.120 General Disposal Requirements.

(1) A licensee shall dispose of radioactive material only:

(a) By transfer to an authorized recipient as proVided in other chapters of these regulations;

(b) By decay in storage;

(c) By release in effluents within the limits in 12QQ Q2 Q§ .eQ Rule 0400-20-05-.60 or

(d) As authorized under 12QQ Q2 Q§ .121 Rule 0400-20-05-.121, 12QQ Q2 Q§ .122 0400-20-05-.122
12QQ Q2 Q§ .12J 0400-20-05-.123, 12QQ Q2 Q§ .1240400-20-05-.124 or 12QQ Q2 Q§ .127 0400­
20-05-.127.

(2) A person shall be specifically licensed to receive waste containing licensed material from other persons
for:

(a) Treatment prior to disposal;

(b) Treatment or disposal by incineration;
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(c) Decay in storage; or

(d) Disposal at a land disposal facility licensed under Chapter 12GG G2 11 0400-20-11.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG Q2 Q5 .121 0400-20-05-.121 Method for Granting Approval of Alternative Disposal Procedures.

(1) A licensee or applicant for a license may apply to the Division for approval of alternative procedures for
disposal of radioactive material generated in the licensee's activities. Each application shall include:

(a) A description of the waste that contains the radioactive material to be disposed, including the
physical and chemical properties important to risk evaluation;

(b) The proposed manner and conditions of waste disposal;

(c) An analysis and evaluation of pertinent information about the environment of the disposal site;

(d) The nature and location of other potentially affected licensed and unlicensed facilities; and

(e) Analyses and procedures to ensure that doses are maintained ALARA and within the dose limits
in this chapter.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1220400-20-05-.122 Disposal by Release into Sanitary Sewerage.

(1) A licensee may release radioactive material into sanitary sewerage if each of the following conditions is
satisfied:

(a) The material is readily soluble in water or is a readily dispersible biological material; and

(b) The quantity of radioactive material the licensee releases into the sewer in anyone month divided
by the average monthly volume of water released into the sewer by the licensee does not exceed
the concentration listed in Table III of Schedule RHS 8-30; and

(c) If more than one radionuclide is released, the following conditions shall also be satisfied:

1 The license shall determine the fraction of the limit in Table III of Schedule RHS 8-30
represented by its releases into sanitary sewerage. This shall be done by dividing the
actual monthly average concentration of each radionuclide released by the licensee into
the sewer by the concentration of that radionuclide listed in Table III of Schedule RHS 8­
30; and

2. The sum of the fractions for each radionuclide required by ~ part 1 of this HlIe
subparagraph does not exceed unity; and

(d) The total quantity of licensed and other radioactive material that the licensee releases into the
sanitary sewerage system in a year does not exceed:

1. 5 curies (185 GBq) of hydrogen-3;

2. 1 curie (37 GBq) of carbon-14; and

3. 1 curie (37 GBq) of all other radioactive materials combined.

(2) Excreta from individuals undergoing medical diagnosis or therapy with radioactive material are not subject
to the limitations contained in paragraph (1) of this rule.
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Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.
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12QQ Q2 Qli .12J 0400-20-05-.123 Treatment or Disposal by Incineration.

A licensee may treat or dispose of radioactive material by incineration only in the amounts and forms specified in
12QQ Q2 Qli .124 Rule 0400-20-05-.124 or as specifically approved by the Division pursuant to 12QQ Q2 Qli .121
Rule 0400-20-05-.121.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Qli .124 0400-20-05-.124 Disposal of Specific Wastes.

(1) A licensee may dispose of the following radioactive material as if it were not radioactive:

(a) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per gram of medium used for
liquid scintillation counting; and

(b) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per gram of animal tissue,
averaged over the weight of the entire animal.

(2) A licensee may not dispose of tissue under gillparagraph (1 )(b) of this rule in a manner that would permit
its use either as food for humans or as animal feed .

. (3) The licensee shall maintain records in accordance with 12QQ Q2 Qli .1J7 Rule 0400-20-05-.137.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Qli .12li 0400-20-05-.125 Transfer for Disposal and Manifests.

(1) This rule and Schedule RHS 8-33 concern low level radioactive waste and are to:

(a) Control transfers of low-level radioactive waste by any waste generator, waste collector or waste
processor licensee, as defined in Schedule RHS 8-33 of Rule 12QQ Q2 Qli .1610400-20-05-.161,
who ships low-level waste either directly, or indirectly through a waste collector or waste
processor, to a licensed low-level waste land disposal facility as defined in Chapter 12QQ Q2 11
0400-20-11.

(b) Establish a manifest tracking system; and

(c) Supplement existing requirements concerning transfers and recordkeeping for those wastes.

(2) Any licensee shipping radioactive waste intended for ultimate disposal at a licensed land disposal facility
shall document the information required on U.S. NRC Uniform Low-Level Radioactive Waste Manifest
and transfer this recorded manifest information to the intended consignee as specified in Section I of
Schedule RHS 8-33.

(3) Each shipment manifest shall include a certification by the waste generator as specified in Section II of
Schedule RHS 8-33

(4) The waste generator, collector, processor, disposal facility operator, and each person involved in the
transfer and disposal shall comply with the requirements specified in Section III of Schedule RHS 8-33.

(5) Any licensee shipping byproduct material as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 12QQ Q2 Qli .J2(11) 0400-20-05-.32 intended for ultimate disposal at
a land disposal facility licensed under Chapter 12QQ Q2 11 0400-20-11 shall document the information
required on the NRC's Uniform Low-Level Radioactive Waste Manifest and transfer this recorded
manifest information to the intended consignee as specified in Schedule RHS 8-33.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Qli .126 0400-20-05-.126 Compliance with Environmental and Health Protection Regulations.
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Nothing in these standards relieves the licensee from complying with other federal, state, and local regulations
governing toxic or hazardous properties of waste materials.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1270400-20-05-.127 Disposal of Certain Byproduct Material

(1) Licensed material as defined in subparagraphs (c) and (d) of the definition of Byproduct material set forth
in Rule 12QQ Q2 Q5 .J2(11) 0400-20-05-.32 may be disposed of in accordance with Chapter 12QQ Q2 11
0400-20-05, even though it is not defined as low-level radioactive waste. Therefore, any licensed
byproduct material being disposed of at a facility, or transferred for ultimate disposal at a facility licensed
under Chapter 12QQ Q2 11 0400-20-11, must meet the requirements of Rule 12QQ Q2 Q5 .125 0400-20­
05-.125.

(2) A licensee may dispose of byproduct material, as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 12QQ Q2 Q5 .J2(11) 0400-20-05-.32, at a disposal facility authorized
to dispose of such material in accordance with any Federal or State solid or hazardous waste law,
including the Solid Waste Disposal Act, as authorized under the Energy Policy Act of 2005.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .128 0400-20-05-.128 through 12QQ Q2 Q5 .1290400-20-05-.129 Reserved.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1 JQ 0400-20-05-.130 General Records Provisions.

(1) Each licensee and registrant shall use the units: curie, rad, rem, including multiples and subdivisions, and
shall clearly indicate the units of all quantities on records required by these standards.

(2) In the records required by this paR chapter, the licensee may record quantities in SI units in parentheses
following each of the units specified in paragraph (1) of this rule. However, all quantities must be
recorded as stated in paragraph (1) of this rule.

(3) NotWithstanding the requirements aIlGve in paragraph (1) of this rule when recording information on
shipment manifests, as required in paragraph (2) of Rule 1200-02-05-.125~ information shall be
recorded in the International System of Units (SI) or in SI and units as specified in paragraph (1) of this
rule.

(4) The licensee or registrant shall make a clear distinction among the quantities entered on the records
required by this chapter (e.g., total effective dose equivalent, shallow-dose equivalent, lens dose
equivalent, deep-dose equivalent, committed effective dose equivalent).

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1 J1 0400-20-05-.131 Records of Radiation Protection Programs.

(1) Each licensee and registrant shall maintain records of the radiation protection program, including:

(a) The provisions of the program; and

(b) Audits and other reviews of program content and implementation.

(2) The licensee or registrant shall retain the records required by subparagraph (1 )(a) of this rule until the
Division terminates each pertinent license or registration requiring the record. The licensee or registrant
shall retain the records required by subparagraph (1)(b) of this rule for 3 years after the record is made.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1 J2 0400-20-05-.132 Records of Surveys.
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(1) Each licensee and registrant shall maintain records showing the results of surveys and calibrations
required by 12QQ Q2 Q(; .7Q Rule 0400-20-05-.70 and 12QQ Q2 Q(; .11 (;(2) paragraph (2) of Rule 0400-20­
05-.115. The licensee or registrant shall retain these records for 3 years after the record is made.

(2) The licensee or registrant shall retain each of the following records until the Division terminates each
pertinent license or registration requiring the record: .

(a) Survey results used to determine the dose from external sources and to assess individual dose
equivalents with or without individual monitoring data;

(b) Results of measurements and calculations used to:

1. Determine individual intakes of radioactive material;

2. Assess internal intakes of radioactive material; and

3. Assess internal dose;

(c) Results of air sampling, surveys and bioassays required pursuant to 12QQ Q2 Q(; .92 parts (1)(c)1
and 2 of Rule 0400-20-05-.92; and

(d) Results of measurements and calculations used to evaluate the release of radioactive effluents to
the environment.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q(; .1 aa 0400-20-05-.133 Determination of Prior Occupational Dose.

(1) For each individual who is likely to receive, in a year, an occupational dose requiring monitoring pursuant
to 12QQ Q2 Q(;71 Rule 0400-20-05-.71. the licensee or registrant shall:

(a) Determine the occupational radiation dose received during the current year; and

(b) Attempt to obtain the records of lifetime cumulative occupational radiation dose.

(2) Prior to permitting an individual to participate in a planned special exposure, the licensee or registrant
shall determine:

(a) The internal and external doses from all previous planned special exposures; and

(b) All doses in excess of the limits (including doses received during accidents and emergencies)
received during the lifetime of the individual.

(3) In complying with the requirements of paragraph (1) of this rule, a licensee or registrant may:

(a) Accept, as a record of the individual's occupational dose for the current year, a written statement
disclosing the nature and the amount of any occupational dose the individual may have received
during the current year. Such statement shall be signed by the individual or the individual's most
recent employer for work involving radiation exposure.

(b) Accept, as the record of lifetime cumulative radiation dose, an up-to-date Form RHS 8-1 H, or
equivalent. Such form shall be signed by the individual and countersigned by an appropriate
official of the most recent employer for work involving radiation exposure. If the individual is
employed by a person other than the licensee or registrant, the countersignature shall be from the
current employer.

(c) From the most recent employer obtain reports of the individual's dose equivalent(s) for work
involving radiation exposure. If the individu·al is employed by a person other than the licensee or
registrant the report shall be from the individual's current employer. Reports may be obtained by
telephone, telegram, electronic media or letter. The licensee or registrant shall request a written
verification of the dose data if the authenticity of the transmitted report cannot be established.
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(4 ) The licensee or registrant shall record the exposure history together with all information required by
paragraph (1) of this rule on Form RHS 8-1 H6

, or other clear and legible record. The form or record shall
show each period in which the individual received occupational exposure and be signed by the individual
receiving the exposure.

For each period for which the licensee or registrant obtains reports, the licensee or registrant shall use
the dose shown in the report in preparing Form RHS 8-1 H. For any period in which the licensee or
registrant does not obtain a report, the licensee or registrant shall place a notation on Form RHS 8-1 H
indicating the periods of time for which data are not available.

(5) If the licensee or registrant is unable to obtain a complete record of an individual's current and previously
accumulated occupational dose, the licensee or registrant shall:

(a) In establishing administrative controls under 12QQ Q2 Q5 .5Q paragraph (6) of Rule 0400-20-05­
.50 for the current year, reduce the individual's allowable dose limit by 1.25 rems (12.5 mSv) for
each quarter for which records were unavailable and the individual could have received
occupational exposure; and

(b) Not allow the individual to be available for planned special exposures.

(6) The licensee or registrant shall retain the records on Form RHS 8-1 H or equivalent until the Division
terminates each pertinent license or registration requiring this record. The licensee or registrant shall
retain records used in preparing Form RHS 8-1 H for three (3) years after the record is made.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1340400-20-05-.134 Records of Planned Special Exposures.

(1) For each use of the provisions of 12QQ Q2 Q5 .54 Rule 0400-20-05-.54 for planned special exposures, the
licensee or registrant shall maintain records that describe:

(a) The exceptional circumstances requiring the use of a planned special exposure;

(b) The name of the management official who authorized the planned special exposure and a copy of
the signed authorization;

(c) What actions were necessary;

(d) Why the actions were necessary;

(e) How doses were maintained ALARA; and

(I) What individual and collective doses were expected to result, and the doses actually received in
the planned special exposure.

(2) The licensee or registrant shall retain the records until the Division terminates each pertinent license or
registration requiring these records.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .135 0400-20-05-.135 Records of Individual Monitoring Results

(1) Each licensee and registrant shall maintain records of doses received:

(a) By all individuals for whom monitoring was required pursuant to 12QQ Q2 Q5 .71 Rule 0400-20-05­
21and
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(b) During the planned special exposures, accidents and emergency conditions.

(2) These records shall include,' when applicable:

(a) The deep-dose equivalent to the whole body, lens-dose equivalent, shallow-dose equivalent to
the skin and shallow--<Jose equivalent to the extremities;

(b) The estimated intake of radionuclides (see 120002 05.51 Rule 0400-20-05-.51);

(c) The committed effective dose equivalent assigned to the intake of radionuclides;

(d) The specific information used to assess the committed effective dose equivalent pursuant to
12000205 .5J paragraph (3) of Rule 0400-20-05-.53 and when required by 12000205 .71 Rule
0400-20-05-.71;

(e) The total effective dose equivalent when required by 1200 02 05 .51 Rule 0400-20-05-.51; and

(f) The total of the deep--<Jose equivalent and the committed dose to the organ receiving the highest
total dose.

(3) The licensee or registrant shall make entries of the records specified in paragraph (1) of this rule at least
annually.

(4) The licensee or registrant shall maintain the records:

(a) On Form RHS 8-2C and in accordance with its instructions, or

(b) In clear and legible form containing all information required by Form RHS 8-2C.

(5) The records required under this rule should be protected from public disclosure because of their personal
privacy nature. These records are protected when transferred to the Division under the regulations in
12000204.10 Rule 0400-20-04-.10.

(6) The licensee or registrant shall maintain the records of dose to an embryo/fetus with the records of dose
to the declared pregnant woman. The declaration of pregnancy shall also be kept on file, but may be
maintained separately from the dose records.

(7) The licensee or registrant shall retain each required form or record until the Division terminates each
pertinent license or registration requiring the record.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .1 Je 0400-20-05-.136 Records of Dose to Individual Members of the Public.

(1) Each licensee and registrant shall maintain records sufficient to demonstrate compliance with the dose
limit for individual members of the public (see 1200 02 05 .eO Rule 0400-20-05-.60).

(2) The licensee or registrant shall retain the records required by paragraph (1) of this rule untii the Division
terminates each pertinent license or registration requiring the record.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12000205 .1J7 0400-20-05-.137 Records of Waste Disposal.

(1) Each licensee shall maintain records of the disposal of radioactive materials made under 12000205
~ Rules 0400-20-05-.121, 12000205.1220400-20-05-.122, 12000205 .12J 0400-20-05-.123, and
~O 02 05 .124 0400-20-05-.124, Chapter 12000211 0400-20-11 and disposal by burial in soil,
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including burials authorized before May 12, 1986'.

(2) The licensee shall retain the records required by paragraph (1) of this rule until the Division terminates
each pertinent license requiring the record. Requirements for disposition of these records, prior to license
termination, are located in 129992 19.26 Rule 0400-20-10-.26 for activities licensed under these pafI&
rules.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

12999295 .1JII 0400-20-05-.138 Records otTesting Entry Control Devices for Very High Radiation Areas.

(1) Each licensee and registrant shall maintain records of tests made under 12999295.112 parts (1)(1)1, 2,
and 3 of Rule 0400-20-05-.82 on entry control devices for very high radiation areas. These records shall
include the date, time, and results of each such test of function.

(2) The licensee or registrant shall retain the records required by paragraph (1) of this rule for lRfee3 years
after the record is made.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12999295 .1J9 0400-20-05-.139 Form of Records.

Each record required by this chapter shall remain legible throughout the retention period. The record may be the
original or a reproduced copy or a microform provided that the copy or microform is authenticated by authorized
personnel. The microform shall be capable of producing a clear copy throughout the retention period. The record
may also be stored in electronic media capable of producing legible, accurate, and complete records during the
retention period. Records such as letters, drawings, and specifications shall include all pertinent information,
such as stamps, initials, and signatures. The licensee or registrant shall maintain adequate safeguards against
tampering with and loss of records.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

1299 92 95 .149 0400-20-05-.140 Reports otTheft or Loss of Licensed Material.

(1) Telephone reports.

(a) Each licensee shall report:

1. Immediately after learning of any lost, stolen or missing radioactive material:

(i) In an aggregate quantity equal to or greater than 1,000 times the quantity
specified in Schedule RHS 8-31; and

(ii) Under such circumstances that it appears to the licensee that an exposure could
result to persons in unrestricted areas; or

2. Within 30 days after learning of any lost, stolen or missing radioactive material:

(i) In a quantity greater than 10 times the quantity specified in Schedule RHS 8-31;
and

(ii) That is still missing at this time.

(b) Reports shall be made to the Division, telephone (615) 532-0364, during the hours of 7:00 a.m.
Central Time to 4:30 p.m. Central Time except weekends and holidays. At all other times, reports
can be made through the Tennessee Emergency Management Agency (615) 741-0001.

(2) Written reports
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(a) Each licensee required to make a report under paragraph (1) of this rule shall, within 30 days
after making the telephone report, make a written report selling forth the following information:

1. A description of the radioactive material involved, including kind, quantity and chemical
and physical form;

2. A description of the circumstances under which the loss, theft or misplacement occurred;

3. A statement of disposition, or probable disposition, of the radioactive material involved;

4. Exposures of individuals to radiation and the circumstances under which the exposures
occurred;

5. The possible total effective dose equivalent to persons in unrestricted areas;

6. Actions that have been taken, or will be taken, to recover the material; and

7. Procedures or measures that have been, or will be, adopted to ensure against a
recurrence of the loss, theft or misplacement of radioactive material.

(b) Reports shall be made to the Division of Radiological Health, b&C AAAe*, 3m ~leeF, 401 CRijFGR
SIFeel, ~lasR'Iille, TN 37243 1532 at the address given in Rule 0400-20-04-.07.

(3) If after filing the written report, the licensee learns of additional substantive information the licensee shall
report such additional information within 30 days.

(4) Each report filed with the Division shall list for each individual exposed: the name, Social Security
account number, and date of birth. The report shall be prepared so that this information is stated in a
separate and detachable part.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

1200 02 05 .141 0400-20-05-.141 Notification of Incidents.

(1) Immediate notification. Notwithstanding other requirements for notification the requirements of this rule
are controlling. Licensees and registrants shall notify the Division as soon as possible but not later than
fgijF (4) ~ hours after discovery that a source of radiation possessed by the licensee or registrant has
caused, may have caused or threatens to cause any of the following:

(a) An individual to receive:

1. A total effective dose equivalent of 25 rems (0.25 Sv) or more;

2. A lens-dose equivalent of 75 rems (0.75 Sv) or more; or

3. A shallow-dose equivalent to the skin or extremities of 250 rads (2.5 Gy) or more;

(b) The release of radioactive material that could cause an individual present for 24 hours to receive
~ § times or more the annual occupational limit on intake. This does not apply to locations
where personnel are not normally stationed during routine operations, such as hot-cells or
specific process enclosures; or

(c) Prevention of immediate protective actions necessary to avoid exposure to radiation or releases
that could exceed regulatory limits (events may include fires, explosions, toxic gas releases, etc.).

(2) Twenty-four hour notification. Licensees and registrants shall notify the Division within 24 hours after
discovery that a source of radiation possessed by the licensee or registrant may have caused or
threatens to cause any of the following:

(a) An individual to receive, in a period of 24 hours:
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1. A total effective dose equivalent exceeding 5 rems (0.05 Sv),

2. A lens-dose equivalent exceeding 15 rems (0.15 Sv), or

3. A shallow-dose equivalent to the skin or extremities exceeding 50 rems (0.5 Sv);

(b) The release of radioactive material that could cause an individual present for 24 hours to receive
an intake exceeding one annual occupational limit on intake. This does not apply to locations
where personnel are not normally stationed during routine operations, such as hot-cells or
specific process enclosures; or

(c) Any of the following events involving licensable material:

1. An unplanned contamination event that:

(i) Requires restricted access to the contaminated area for more than 24 hours.
Restriction may be by imposing additional radiological controls or by prohibiting
entry into the area;

(ii) Involves a quantity of material greater than five times the lowest annual limit on
intake specified for the material in Schedule RHS 8-30 of 1:1QQ Q:1 Q5 Rule 0400­
20-05-.161; and

(iii) Restricts access to the area for a reason other than to allow isotopes with a half­
life of less than 24 hours to decay prior to decontamination.

2. An event in which equipment is disabled or fails to function as designed when:

(i) The equipment is required by regulation or license condition to:

(I) Prevent releases exceeding regulatory limits,

(II) Prevent exposures to radiation exceeding regulatory limits, or

(III) Mitigate the consequences of an accident;

(ii) The equipment is required to be available and operable when it is disabled or
fails to function; and

(iii) No equipment meeting the same performance standards is immediately
available, operable and capable of performing the required safety function.

3. An event that requires unplanned medical treatment at a medical facility of an individual
with spreadable radioactive contamination on the individual's clothing or body.

4. An unplanned fire or explosion damaging any licensable material or any device, container
or equipment containing licensable material when:

(i) The quantity of material involved exceeds five times the lowest annual limit on
intake specified for the material in Schedule RHS 8-30 at 1:1QQ Q:1 Q5 in Rule
0400-20-05-.161, and

(ii) The damage affects the integrity of the licensable material or any device,
container or equipment containing licensable material.

(3) Preparation and submission of reports. Licensees and registrants shall make reports in response to the
requirements of this sastia" rule as follows:

(a) Licensees and registrants shall make reports required by paragraphs (1) and (2) of this rule by
telephone to the Division.
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1. The telephone number for the Division is:

(615) 532-03647:00 a.m. Central Time to 4:30 p.m. Central Time except weekends and
holidays

(615) 741-0001 Tennessee Emergency Management Agency at all other times.

2. To the extent that the information is available at the time of notification, the information
provided in these reports shall include:

(i) The caller's name and call back telephone number;

(ii) A description of the event, including date and time;

(iii) The exact location of the event;

(iv) The isotopes, quantities, and chemical and physical form of the licensable
material involved; and

(v) Any personnel radiation exposure data available.

(b) Written report. Licensees and registrants who make a report required by paragraph (1) or (2) of
this rule shall submii a written follow-up report within 30 days of the initial report. This requirement
may be satisfied by submitting written reports prepared under other regulations that contain all
necessary information and are appropriately distributed. Licensees and registrants shall send
these written reports to the Division at the address given in 12QQ Q2 Q4 .Q7 Rule 0400-20-04-.07.
The reports shall include the following:

1. A description of the event, including the probable cause and the manufacturer and model
number (if applicable) of any equipment that failed or malfunctioned;

2. The exact location of the event;

3. The isotopes, quantities, and chemical and physical forms of the licensable material
involved;

4. Date and time of the event;

5. Corrective actions taken or planned and the results of any evaluations or assessments;
and

6. For each individual exposed:

(i) The name, Social Security number and date of birth. The report shall be
prepared so that this information is stated in a separate and detachable part, and

(ii) The extent of exposure of each individual without identification of individuals by
name.

(4) This rule does not include doses that result from, and are within the limits for, planned special exposures
reported under 12QQ Q2 Q5 .144 Rule 0400-20-05-.144.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq

12QQ Q2 Q5 .142 0400-20-05-.142 Reports to Individuals of Exposure to Radiation.

(1) Licensees and registrants shall report radiation exposure data for an individual, including the results of
any measurements, analyses and calculations of radioactive material deposited or retained in the body of
an individual, as specified in this rule.
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(2) Each licensee or registrant shall make dose information available to workers as shown in records
maintained by the licensee or registrant under the provisions of Rule 12QQ Q2 Q5 .135 0400-20-05-.135.
The licensee shall provide an annual report to each individual monitored under Rule 12QQ Q2 Q5 .71
0400-20-05-.71 of the dose received in that monitoring year if:

(a) The individual's occupational dose exceeds 1 mSv (100 mrem) TEDE or 1 mSv (100 mrem) to
any individual organ or tissue; or

(b) The individual requests his or her annual dose report.

(3) Each licensee or registrant, at the request of a worker formerly engaged in licensed or registered
activities controlled by the licensee or registrant, shall furnish to the worker a report of the individual's
exposure to sources of radiation:

(a) 1. As shown in records maintained by the licensee or registrant pursuant to Rule 12QQ Q2
Q5 .135 0400-20-05-.135 for each year the worker was required to be monitored under
the provisions of Rule 1:lQQ Q2 Q5 .41 0400-20-05-.71; and

2. For each year the worker was required to be monitored under the requirements in effect
before January 2, 1993. .

(b) This report shall:

1. Be furnished within 30 days from the time the request is made or within 30 days after the
exposure of the individual has been determined by the licensee, whichever is later;

2. Cover the period that the worker's activities involved exposure to sources of radiation
licensed or registered by the Division; and

3. Include the dates and locations of licensed or registered activities in which the worker
participated during this period.

(c) The worker's request shall include social security number, dates and location of employment or
association and other appropriate identifying data.

(4) When a licensee or registrant is required under Rule 1:lQQ Q:l Q5 .141 0400-20-05-.141. 12QQ Q2 Q5 .143
0400-20-05-.143 or 12QQ Q2 Q5 .144 0400-20-05-.144 to report to the Division any exposure of an
individual to radiation or radioactive material, the licensee or registrant shall also provide a copy of the
report submitted to the Division to the individual. Such report shall be transmitted at a time not later than
the transmittal to the Division.

(5) At the request of a worker who is terminating employment with the licensee or registrant that involved
radiation dose, or of a worker who, while employed by another person, is terminating assignment to work
involving radiation dose in the licensee's or registrant's facility during the current year, each licensee or
registrant shall provide at termination to each worker, or to the worker's designee, a written report
regarding the radiation dose received by that worker from operations of the licensee or registrant during
the current year or fraction thereof. If the most recent monitoring results are not available at that time, the
licensee or registrant shall provide a written estimate of the dose. Estimated doses shall be clearly
indicated as such.

(6) Reports submitted under this rule shall:

(a) Be in writing;

(b) Include appropriate identifying data such as the name of the licensee or registrant, the name of
the individual and the individual's social security number;

(c) Include the individual's radiation exposure information;

(d) Include data and results obtained under Division regulations, or conditions, as shown in records
maintained by the licensee or registrant under Division regulations; and
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(e) Contain the following statement:

This report is furnished to you under the provisions of the Division of Radiological Health of the
Tennessee Department of Environment and Conservation regulations entitled "State Regulations
for Protection Against Radiation." You should preserve this report for future reference.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .1~J 0400-20-05-.143 Reports of Exposures, Radiation Levels, and Concentrations of Radioactive
Material Exceeding the Limits.

(1) In addition to the notification required by 12QQ Q2 Q5 .1~1 Rule 0400-20-05-.141, each licensee and
registrant shall submit a written report within 30 days after learning of any of the following occurrences:

(a) Any incident for which notification is required by 12QQ Q2 Q5 .1 ~1 Rule 0400-20-05-.141;

(b) Doses in excess of any of the following:

1. The occupational dose limits for adults in 12QQ Q2 Q5 .5Q Rule 0400-20-05-.5(\

2. The occupational dose limits for minors in 12QQ Q2 Q5 .55 Rule 0400-20-05-.55;

3. The limits for an embryo/fetus of a declared pregnant woman in 12QQ Q2 Q5 .56 Rule
0400-20-05-.56;

4. The limits for an individual member of the public in 12QQ Q2 Q5 .6Q Rule 0400-20-05-.6(\

5. Any applicable limit in the license or registration; or

6. The ALARA constraints for air emissions established under paragraph 12QQ Q2 Q5 .4Q(4)
of Rule 0400-20-05-.40; or

(c) Levels of radiation or concentrations of radioactive material in:

1. A restricted area in excess of any applicable limit in the license or registration; or

2. An unrestricted area in excess of 10 times any limit set forth in these standards, the
license or registration; whether or not there is exposure of any individual in excess of the
limits in 12QQ Q2 Q5 .6Q Rule 0400-20-05-.60).

(d) Levels of radiation or releases of radioactive material exceeding EPA's generally applicable
environmental standards in 40 C.F.R. Part 190, or license or registration conditions. This applies
only if the licensee or registrant is subject to the standards.

(2) Contents of reports.

(a) Each report required by paragraph (1) of this rule shall describe the extent of exposure of
individuals to radiation and radioactive material, including, as appropriate:

1. Estimates of each individual's dose;

2. The levels of radiation and concentrations of radioactive material involved;

3. The cause of the elevated exposures, dose rates or concentrations; and

4. Corrective steps taken or planned to ensure against a recurrence, including the schedule
for achieving conformance with applicable limits, ALARA constraints, generally applicable
environmental standards and associated license conditions.

(b) Each report filed under paragraph 12QQ Q2 Q5 .1~J (1) of this rule shall include for each
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occupationally overexposed individual": the name, Social Security account number and date of
birth. The report shall be prepared so that this information is stated in a separate and detachable
part.

(3) All licensees or registrants who make reports under paragraph (1) of this rule shall submit the report in
writing to the Division of Radiological Health, b&C ,A,RRex, 3FS ~leeF, 4Q1 ChYFGh SIFeel, Nashville, HI
37243 1532 at the address given in Rule 0400-20-04-.07.

Authority: T.C.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .144 0400-20-05-.144 Reports of Planned Special Exposures.

The licensee or registrant shall submit a written report to the Division of Radiological Health, L&C Annex, 3rd
Floor, 401 Church Street, Nashville, TN 37243-1532 within 30 days following any planned special exposure. The
report shall inform the Division that a planned special exposure occurred and provide the information required by
12QQ Q2 Q5 .134 Rule 0400-20-05-.134.

Authority: T.CA §§ 68-202-201 et seq., and 4-5-201 et seq.

12QQ Q2 Q5 .145 0400-20-05-.145 Notifications, Records and Reports of Misadministration.

(1) Other than events that result from intervention by a patient or human research subject, a licensee or
registrant shall report to the Division any event in which the administration of radioactive material,
radiation from radioactive material, or radiation from a radiation producing machine results in:

(a) A dose that differs from the prescribed dose or dose that would have resulted from the prescribed
dosage by more than 0.05 Sievert (5 rem) effective dose equivalent, 0.5 Sievert (50 rem) to an
organ or tissue, or 0.5 Sievert (50 rem) shallow dose equivalent to the skin; and

1. The total dose delivered differs from the prescribed dose by 20 percent or more;

2. The total dosage delivered differs from the prescribed dosage by 20 percent or more or
falls outside the prescribed dosage range; or

3. The fractionated dose delivered differs from the prescribed dose, for a single fraction, by
50 percent or more.

(b) A dose that exceeds 0.05 Sv (5 rem) effective dose equivalent, 0.5 Sv (50 rem) to an organ or
tissue, or 0.5 Sv (50 rem) shallow dose equivalent to the skin from any of the following:

1. An administration of a wrong radioactive drug;

2. An administration of a radioactive drug containing radioactive material by the wrong route
of administration;

3. An administration of a dose or dosage to the wrong individual or human research subject;

4. An administration of a dose or dosage delivered by the wrong mode of treatment; or

5. A leaking sealed source.

(c) A dose to the skin or an organ or tissue other than the treatment site that exceeds by 0.5 Sv (50
rem) to an organ or tissue and 50 percent or more of the dose expected from the administration
defined in the written directive (excluding, for permanent implants, seeds that were implanted in
the correct site but migrated outside the treatment site).

(d) A therapeutic radiation machine dose:
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1. Involving the wrong individual, wrong mode of treatment or wrong treatment site;

2. When the treatment consists of IAfee 3 or fewer fractions and the calculated total
administered dose differs from the total prescribed dose by more than 10 percent~
of the total prescribed dose;

3. When the calculated weekly administered dose exceeds the weekly prescribed dose by
30 percent~ or more of the weekly prescribed dose; or

4. When the calculated total administered dose differs from the total prescribed dose by
more than 20 percent~ of the totai prescribed dose.

(2) A licensee or registrant shall report to the Division any event resulting from intervention of a patient or
human research subject in which the administration of radioactive material or radiation from radioactive
material results or will result in unintended permanent functional damage to an organ or a physiological
system, as determined by a physician.

(3) A licensee or registrant shall notify the Division at the number given in 12QQ Q2 Q4 .Q7 Rule 0400-20-04­
.07 no later than the next calendar day after discovery of the misadministration.

(4) A licensee or registrant shall submit a written report to the Division at the address listed in 12QQ Q2 Q4 .Q7
Rule 0400-20-04-.07 within fifleeR 15 days after discovery of the misadministration.

(a) The written report must include:

1. The licensee or registrant's name;

2. The name of the prescribing physician;

3. A brief description of the event;

4. Why the event occurred;

5. The effect, if any, on the individual(s) who received the administration;

6. What actions, if any, have been taken or are planned to prevent recurrence; and

7. Certification that the licensee or registrant notified the individual (or the individual's
responsible relative or guardian), and if not, why not.

(b) The report may not contain the individual's name or any other information that could lead to
identification of the individual.

(5) A licensee or registrant shall provide notification of the misadministration to the referring physician and
also notify the individual who is the sUbject of the misadministration no later than 24 hours after its
discovery, unless the referring physician personally informs the licensee or registrant either that they will
inform the individual or that, based on medical judgment, telling the individual would be harmful. The
licensee or registrant is not required to notify the individual without first consulting the referring physician.
If the referring physician or the affected individual cannot be reached within 24 hours, the licensee or
registrant shall notify the individual as soon as possible thereafter. The licensee or registrant may not
delay any appropriate medical care for the individual, including any necessary remedial care as a result of
the misadministration, because of any delay in notification. To meet the requirements of this rule, the
notification of the individual who is the subject of the misadministration may be made instead to that
individual's responsible relative or guardian. If a verbal notification is made, the licensee or registrant shall
inform the individual or appropriate responsible relative or guardian that a written description of the event
can be obtained from the licensee upon request. The licensee or registrant shall provide a written
description if requested.

(6) Aside from the notification requirement, nothing in this rule affects any rights or duties of licensees,
registrants, and physicians in relation to each other, to individuals affected by the misadministration, or to
that individual's responsible relatives or guardians.
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(7) A licensee or registrant shall retain a record of a misadministration in accordance with this rule for 3
years. A copy of the record shall be provided to the referring physician if other than the licensee or
registrant, within 15 days after discovery of the misadministration. The record must contain the licensee
or registrant's name; names of the individuals involved; the social security number or other identification
number if one has been assigned, of the individual who is the subject of the misadministration; a brief
description of the event; why it occurred; the effect, if any, on the individual; the actions, if any, taken, or
planned, to prevent recurrence; and, whether the licensee or registrant notified the individual (or the
individual's responsible relative or guardian) and, if not, whether such failure to notify was based on
guidance from the referring physician.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .14a 0400-20-05-.146 Reports to Individuals of Exceeding Dose Limits.

When a licensee or registrant is required by Rule 12GG G2 G5 .1430400-20-05-.143 or 12GG G2 G5 .144 0400-20­
05-.144 to report to the Division any exposure of an identified occupationally exposed individual, or an identified
member of the public, to radiation or radioactive material, the licensee or registrant shall also provide the
individual a report on his or her exposure data inciuded in the report to the Division. This report must be
transmitted no later than the transmittal to the Division.

Authority: T.G.A. §§ 68-202-201 et seq. and 4-5-201 et seq.

12GG G2 G5 .147 0400-20-05-.147 through 12GG G2 G5 .149 0400-20-05-.149 Reserved.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .15G 0400-20-05-.150 Applications for Exemptions.

The Division may, upon application by a licensee or registrant or upon its own initiative, grant a specific written
exemption from these standards if the Division determines the exemption is authorized by law and would not
result in undue hazard to life or property.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq

12GG G2 G5 .151 0400-20-05-.151 Additional Requirements.

The Division may, by rule, regulation, or order, impose requirements on a licensee or registrant, in addition to
those established in these regulations, as it deems appropriate or necessary to protect health or to minimize
danger to life or property.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq

12GG G2 G5 .1520400-20-05-.152 Vacating Premises.

Each specific licensee shall, no less than 30 days before vacating or relinquishing possession or control of
premises, notify the Division in writing of intent to vacate. If the premises have been contaminated with
radioactive material as a result of his activities, the Department may require that the licensee decontaminate or
have decontaminated the location to a level for use as an unrestricted area, the details to be specified in each
case by the Division.

Authority: T.GA §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .153 0400-20-05-.153 through 12GG G2 G5 .159 0400-20-05-.159 Reserved.

Authority: T.G.A. §§ 68-202-201 et seq., and 4-5-201 et seq.

12GG G2 G5 .1aG 0400-20-05-.160 Violations.

A violation of any of these standards subjects the violator to possible civil and criminal penalties.
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Authority: T.CA §§ 68-202-201 et seq, and 4-5-201 et seq.

12(J(J (J2 (J§ .1"1 0400-20-05-.161 Schedules.

RHS 8-30
ANNUAL LIMITS ON INTAKE (ALI) AND DERIVED AIR CONCENTRATIONS (DAC) OF RADIONUCLIDES FOR

OCCUPATIONAL EXPOSURE; EFFLUENT CONCENTRATIONS; CONCENTRATIONS FOR RELEASE TO
SANITARY SEWERAGE

Introduction

For each radionuclide, Table I indicates the chemical form which is to be used for selecting the
appropriate ALI or DAC value. The ALis and DACs for inhalation are given for an aerosol with an activity
median aerodynamic diameter (AMAD) of 1 ~m, micron, and for three classes (D,W,Y) of radioactive
material, which refer to their retention (approximately days, weeks, or years) in the pulmonary region of
the lung. This classification applies to a range of clearance half-times for D if less than 10 days, for W
from 10 to 100 days, and for Y greater than 100 days. The class (D, W, or Y) given in the column headed
"Class" applies only to the inhalation ALis and DACs given in Table I, columns 2 and 3. Table II provides
concentration limits for airborne and liquid effluents released to the general environment. Table III
provides concentration limits for discharges to sanitary sewerage systems.

Note:

The values in Tables I, II, and III are presented in the computer "E" notation. In this notation a value of 6E­
02 represents a value of 6 x 10.2 or 0.06, 6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 10° or
6.

Table I "Occupational Values"

Note that the columns in Table I of this schedule captioned, "Oral Ingestion ALI," "Inhalation," "ALI," and
"DAC," are applicable to occupational exposure to radioactive material.

The ALis in this schedule are the annual intakes of a given radionuclide by the reference man, which
would result in either a committed effective dose equivalent (CEDE) of 0.05 Sv (5 rem), stochastic ALI, or
a committed dose equivalent of 0.5 Sv (50 rem) to an organ or tissue, non-stochastic ALI. The stochastic
ALis were derived to result in a risk, due to irradiation of organs and tissues, comparable to the risk
associated with deep dose equivalent to the whole body of 0.05 Sv (5 rem). The derivation includes
multiplying the committed dose equivalent to an organ or tissue by a weighting factor, WT. This weighting
factor is the proportion of the risk of stochastic effects resulting from irradiation of the organ or tissue, T, to
the total risk of stochastic effects when the whole body is irradiated uniformly. The values of WT are listed
under the definition of weighting factor in 12(J(J (J2 (J§ .32 Rule 0400-20-05-.32. The non-stochastic ALis
were derived to avoid non-stochastic effects, such as prompt damage to tissue or reduction in organ
function.

A value of WT = 0.06 is applicable to each of the five organs or tissues in the "remainder" category
receiving the highest dose equivalents, and the dose equivalents of all other remaining tissues may be
disregarded. The following portions of the GI tract-stomach, small intestine, upper large intestine, and
lower large intestine-are to be treated as four separate organs.

Note that the dose eqUivalents for an extremity, skin, and lens of the eye are not considered in computing
the CEDE but are subject to limits that must be met separately.

When an ALI is defined by the stochastic dose limit, this value alone is given. When an ALI is determined
by the non-stochastic dose limit to an organ, the organ or tissue to which the limit applies is shown, and
the ALI for the stochastic limit is shown in parentheses. Abbreviated organ or tissue designations are
used:

1. LLI wall = lower iarge intestine wall;
2. St wall = stomach wall;
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3. Blad wall = bladder wall; and
4. Bone surf = bone surface.

The use of the ALis listed first, the more limiting of the stochastic and non-stochastic ALls, will ensure that
non-stochastic effects are avoided and that the risk of stochastic effects is limited to an acceptably low
value. If, in a particular situation involving a radionuclide for which the non-stochastic ALI is limiting, the
use of that non-stochastic ALI is considered unduly conservative, the licensee or registrant may use the
stochastic ALI to determine the committed effective dose equivalent. However, the licensee or registrant
shall also ensure that the 0.5 Sv (50 rem) dose equivalent limit for any organ or tissue is not exceeded by
the sum of the external deep dose equivalent plus the internal committed dose equivalent to that organ,
not the effective dose. For the case where there is no external dose contribution, this would be
demonstrated if the sum of the fractions of the nonstochastic ALis (ALI,,) that contribute to the committed
dose equivalent to the organ receiving the highest dose does not exceed unity, that is, l: (intake [in flCi] of
each radionuclide/ALI,,) :5 1.0. If there is an external deep dose equivalent contribution of Hd, then this
sum must be less than 1 - (HJ50), instead of:5 1.0.

Note that the dose equivalents for an extremity, skin, and lens of the eye are not considered in computing
the committed effective dose equivalent but are subject to limits that must be met separately.

The derived air concentration (DAC) values are derived limits intended to control chronic occupational

DAC ~ :-:--cc--c----:-_---:-_"'A"'L'--I'::-(i':-'",JI,-C,:,i)----=c-:c---:--:-.---:----:-:-:­
(2000 hrs I working yr X 60 min/hr X 2 x 10 4 mllmin)

ALI .
.,.--"=-:09 lIei/ml
2.4 x 10

exposures. The relationship between the DAC and the ALI is given by:

where 2 x 10' ml is the volume of air breathed per minute at work by the reference man under working
conditions of light work.

The DAC values relate to one of two modes of exposure: either external submersion or the internal
committed dose equivalents resulting from inhalation of radioactive materials. DACs based upon
submersion are for immersion in a semi-infinite cloud of uniform concentration and apply to each
radionuclide separately.

The ALI and DAC values include contributions to exposure by the single radionuclide named and any
ingrowth of daughter radionuclides produced in the body by decay of the parent. However, intakes that
include both the parent and daughter radionuclides should be treated by the general method appropriate
for mixtures.

The values of ALI and DAC do not apply directly when the individual both ingests and inhales a
radionuclide, when the individual is exposed to a mixture of radionuclides by either inhalation or ingestion
or both, or when the individual is exposed to both internal and external irradiation. See 12QQ Q2 Q5 .51
Rule 0400-20-05-.51. When an individual is exposed to radioactive materials, which fall under several of
the translocation classifications of the same radionuclide (such as Class D, Class W, or Class V), the
exposure may be evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as Class D, W, or Y is based on the chemical
form of the compound and does not take into account the radiological half-life of different radioisotopes.
For this reason, values are given for Class D, W, and Y compounds, even for very short-lived
radionuclides.

Table II "Effluent Concentrations"

The columns in Table II of this schedule captioned "Air" and "Water" are applicable to the assessment and
control of dose to the public, particularly in the implementation of the provisions of 12QQ Q2 Q5 .91 Rule
0400-20-05-.61. The concentration values given in Columns 1 and 2 of Table II are equivalent to the
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radionuclide concentrations, which, if inhaled or ingested continuously over the course of a year, would
produce a total effective dose equivalent of 0.5 mSv (0.05 rem).

Consideration of non-stochastic limits has not been included in deriving the air and water effluent
concentration limits because non-stochastic effects are presumed not to occur at or below the dose levels
established for individual members of the public. For radionuclides, where the non-stochastic limit was
governing in deriving the occupational DAC, the stochastic ALI was used in deriving the corresponding
airborne effluent limit in Table II. For this reason, the DAC and airborne effluent limits are not always
proportional, as was the case in the previous Schedule RHS 8-1.

The air concentration values listed in Table II, Column 1 were derived by one of two methods. For those
radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation ALI was
divided by 2.4 x 109

, relating the inhalation ALI to the DAC, as explained above, and then divided by a
factor of 300. The factor of 300 includes the following components: a factor of 50 to relate the 0.05 Sv (5
rem) annuai occupational dose limit to the 1mSv (0.1 rem) limit for members of the public; a factor of
lIlfee ;! to adjust for the difference in exposure time and the inhalation rate for a worker and that for
members of the public; and a factor of lwG Zto adjust the occupational values, derived for adults, so that
they are applicable to other age groups.

For those radionuclides for which submersion, that is external dose, is limiting, the occupational DAC in
Table I, Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as described
above, and a factor of 4.38 relating occupational exposure for 2,000 hours per year to full-time exposure
(8,760 hours per year). Note that an additional factor of lwG Zfor age considerations is not warranted in
the submersion case.

The water concentrations were derived by taking the most restrictive occupational stochastic oral
ingestion ALI and dividing by 7.3 x 10'. The factor of 7.3 x 10' (ml) includes the following components: the
factors of 50 and 2 described above and a factor of 7.3 x 105 (ml), which is the annual water intake of the
reference man.

Note 2 of this schedule provides groupings of radionuclides, which are applicable to unknown mixtures of
radionuclides. These groupings, including occupational inhalation ALis and DACs, air and water effluent
concentrations and releases to sewer, require demonstrating that the most limiting radionuclides in
successive classes are absent. The limit for the unknown mixture is defined when the presence of one of
the listed radionuclides cannot be definitely excluded as being present, either from knowledge of the
radionuclide composition of the source or from actual measurements.

Table III "Releases to Sewers"

The monthly average concentrations for release to sanitary sewerage are applicable to the provisions in
12QQ Q2 Q5 .122 Rule 0400-20-05-.122. The concentration values were derived by taking the most
restrictive occupational stochastic oral ingestion ALI and dividing by 7.3 x 106 (ml). The factor of 7.3 x 106

(ml) is composed of a factor of 7.3 x 105 (ml), the annual water intake by a reference man, and a factor of
10, such that the concentrations, if the sewage released by the licensee were the only source of water
ingested by a reference man during a year, would result in a committed effective dose equivalent of 5
mSv (0.5 rem).
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Name
Molybdenum
Neodymium
Neptunium
Nickel
Niobium
Nitrogen
Osmium
Oxygen
Palladium

Name
Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
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Symbol
Ac
AI
Am
Sb
Ar
As
At
Ba
Bk

LIST OF ELEMENTS

Atomic
Number
89
13
95
51
18
33
85
56
97

Symbol
Mo
Nd
Np
Ni
Nb
N
Os
o
Pd

Atomic
Number
42
60
93
28
41
7
76
8
46
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Beryllium Be 4 Phosphorus P 15
Bismuth Bi 83 Platinum Pt 78
Bromine Br 35 Plutonium Pu 94
Cadmium Cd 48 Polonium Po 84
Calcium Ca 20 Potassium K 19
Californium Cf 98 Praseodymium Pr 59
Carbon C 6 Promethium Pm 61
Cerium Ce 58 Protactinium Pa 91
Cesium Cs 55 Radium Ra 88
Chlorine CI 17 Radon Rn 86
Chromium Cr 24 Rhenium Re 75
Cobalt Co 27 Rhodium Rh 45
Copper Cu 29 Rubidium Rb 37
Curium Cm 96 Ruthenium Ru 44
Dysprosium Dy 66 Samarium Sm 62
Einsteinium Es 99 Scandium Sc 21
Erbium Er 68 Selenium Se 34
Europium Eu 63 Silicon Si 14
Fermium Fm 100 Silver Ag 47
Fluorine F 9 Sodium Na 11
Francium Fr 87 Strontium Sr 38
Gadolinium Gd 64 Sulfur S 16
Gallium Ga 31 Tantalum Ta 73
Germanium Ge 32 Technetium Tc 43
Gold Au 79 Tellurium Te 52
Hafnium Hf 72 Terbium Tb 65
Holmium Ho 67 Thallium TI 81
Hydrogen H 1 Thorium Th 90
Indium In 49 Thulium Tm 69
Iodine I 53 Tin Sn 50
Iridium Ir 77 Titanium Ti 22
Iron Fe 26 Tungsten W 74
Mercury Hg 80 Uranium U 92
Krypton Kr 36 Vanadium V 23
Lanthanum La 57 Xenon Xe 54
Lead Pb 82 Ytterbium Yb 70
Lutetium Lu 71 yttrium Y 39
Magnesium Mg 12 Zinc Zn 30
Manganese Mn 25 Zirconium Zr 40
Mendelevium Md 101

Tableivalues
TablelJ Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col.I Co/.2 I Co/.3 Col.I Col. 2 Mon/hly
No.

Oral Inhalation Average

Ingestion DAC Air Waler Concen·
(~cUml) (~cUml) trationALI (~Ci) (~CUml) (vCilmll

1 Hydrogen-3 Waler,DAC 8E+4 8E+4 2E-5 lE-? lE-3 lE-2
includes skin
absorotion
Gas (HT or T2) Submersion: Use above values as HT and T2 oxidize in air and in the bod to HTO.

4 Beryllium-? W, all compounds 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
except those given
torY
y, oxides, halides, - 2E+4 8E-6 3E-8 - -
and nitrates

4 Beryllium-l 0 W,see Be lE+3 2E+2 6E-8 2E-l0 - -
LLI wall - - - 2E-5 2E-4
(1E+3)

Y, see 'Se - lE+l 6E-9 2E-l1 - -

88-7039 (July 2010)
57

RDA 1693



Table Ivalues.
Table II

Table III
Releases toEffluent Concentrations Sewers

Atomic Col.1 Col. 2 <J·Col.3 Col. 1 Col. 2 MOn/hly
No. Oral Inhalalion Average

Ingestion PAC
Water Concan·
(~CVml) trolio::

nALI (~CI) (~CVml) (I'CUm
6 Carbon·11'- Monoxide - 1E+6 SE-4 2E-6 - -

Dioxide - 6E+S 3E-4 9E-? - -
Comoounds 4E+S 4E+S 2E-4 6E-? 6E-3 6E-2

6 Carbon-14 Monoxide - 2E+6 ?E-4 2E-6 - -
Dioxide - 2E+S 9E-S 3E-? - -
Com Qunds 2E+3 2E+3 1E-6 3E-9 3E-S 3E-4

7 Nilroaen·132 Submersion1 4E-6 2E-6
8 OXVgen-152 Submersion1 - - 4E-6 2E-8 -
9 Fluorine-18 D, fluorides of H, SE+4 ?E+4 3E-S 1E-? - -

Li, Na, K, Rb, Cs, Stwall - - - ?E-4 ?E-3
and Fr (SE+4)
W, fluorides of Be, - 9E+4 4E-S 1E-? - -
Mg, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
As, Sb, Bi, Fe, Ru,
Os, Co, Ni, Pd, Pt,
Cu, Ag, Au, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, V, Nb, Ta, Mn,
Te, and Re
Y, lanthanum - 8E+4 3E-S 1E-? - -
fluoride

11 Sodium-22 D, all comnounds 4E+2 6E+2 3E-? 9E-10 6E-6 6E-5
11 Sodium-24 D, all compounds 4E+3 5E+3 2E-6 ?E-9 SE-S 5E-4
12 Magnesium-28 D, all compounds ?E+2 2E+3 ?E-? 2E-9 9E-6 9E-S

except those given
torW
W, oxides, - lE+3 5E-? 2E-9 - -
hydroxides,
carbides, halides,
and nitrates

13 Aluminum-26 D, all compounds 4E+2 6E+l 3E-8 9E-11 6E-6 6E-S
except those given
forW
W, oxides, - 9E+1 4E-8 1E-10 - -
hydroxides,
carbides, halides,
and nitrates

14 SiHcon·31 D, all compounds 9E+3 3E+4 1E-S 4E-8 1E-4 1E-3
except those given
forW and Y
W, oxides, - 3E+4 1E-S SE-8 - -
hydroxides,
carbides, and
nitrates
Y, aluminosilicate - 3E+4 1E-S 4E-8 - -
olass

14 Silicon·32 0, see Si 2E+3 2E+2 1E-? 3E-10 - -
LLI wall - - - 4E-S 4E-4
(3E+31

W,see Si - 1E+2 5E-8 2E-10 - -
Y, see ;jlSi - 5E+O 2E-9 ?E-12 - -

15 Phosphorus-32 0, all compounds 6E+2 9E+2 4E-? 1E-9 9E-6 9E-5
except phosphates
aiven forW
W, phosphates at - 4E+2 2E-? SE-10 - -
Zn2oj., S3oj., Mg2+,

Fe3+-, Bj3+, and
lanthanides

1S Phosphorus-33 0, see ;jLp 6E+3 8E+3 4E-6 1E-8 8E-S 8E-4
W, see .,).<!P - 3E+3 lE-6 4E-9 - -

16 Sulfur-35 Vapor - 1E+4 6E-6 2E-8 - -
0, sulfides and lE+4 2E+4 ?E-6 2E-8 - -
sulfates except LLI wall - - - 1E-4 1E-3
those given for W (8E+3)
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Table l Yal~~s.
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col,f Col. 2 I Col, 3 Col, f CoI,2 Monthly
No,

Oral Inhalation Average

Ingestion DAC
Water Concan-

ALI (PCi) (pCUml) trationALI (pCi) (pCUml) (/lCVml)
W, elemental 6E+3 - - - - -
sulfur, sulfides of
Sr, Ba. Ge. Sn, Pb.
As. Sb. Bi. Cu. A9.
Au, In. Cd, H9. W, - 2E+3 9E-7 3E-9 - -
and Mo. Sulfates
of Ca, Sr. Ba, Ra.
As. Sb. and Bi

17 Chlorine-36 0, chlorides of H, 2E+3 2E+3 lE-6 3E-9 2E-5 2E-4
Li, Na. K, Rb. Cs.
and Fr
W, chlorides of - 2E+2 lE-7 3E-l0 - -
lanthanides, Be,
Mg, Ca, Sr, Ba.
Ra. AI, Ga, In, TI,
Ge, Sn. Pb, As.
Sb. Bi. Fe, Ru. Os.
Co. Rh. Ir. Ni, Pd,
Pt. Cu, Ag. Au, In.
Cd. Hg. Se. Y. Ti,
lr, Hf. V, Nb, Ta,
Cr. Mo, W. Mn. Te.
and Re

17 Chlorine-38L D, see =CI 2E+4 4E+4 2E-5 6E-8 - -
Stwall - - - 3E-4 3E-3
(3E+4)

W,see=CI - 5E+4 2E-5 6E-8 - -
17 Chlorine-39<: D. see =CI 2E+4 5E+4 2E-5 7E-8 - -

Stwall - - - 5E-4 5E-3
(4E+4)

W,see=CI - 6E+4 2E-5 8E-8 - -

16 Argon-37 Submersion - - 1E+0 6E-3 - -

16 Argon-39 Submersion - - 2E·4 8E-7 . -

18 Argon-41 Submersion - - 3E·6 1E-8 . -
19 Potassium-40 D, all compounds 3E+2 4E+2 2E-7 6E-l0 4E·6 4E-5
19 Potassium-42 D, all compounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Potassium-43 0, all compounds 6E+3 9E+3 4E-6 lE-8 9E-5 9E-4
19 Potassium-44" D, all compounds 2E+4 7E+4 3E-5 9E-8 - -

Stwall - - - 5E-4 5E-3
(4E+4)

19 Potassium-45L 0, all compounds 3E+4 lE+5 5E-5 2E-7 - -
Stwall - - - 7E-4 7E-3
(5E+4)

20 Calcium-41 W, all compounds 3E+3 4E+3 2E·6 - - -
Bone surf Bone surf - 5E-9 6E-5 6E-4

(4E+3) (4E+3)
20 Calcium-45 W, all compounds 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calcium·47 W, all compounds 8E+2 9E+2 4E-7 1E-9 1E-5 lE-4
21 Scandium·43 Y, all compounds 7E+3 2E+4 9E·6 3E-8 1E-4 1E-3
21 Scandium-44m Y, all compounds 5E+2 7E+2 3E-7 1E-9 7E-6 7E-5
21 Scandium-44 Y, all compounds 4E+3 1E+4 5E·6 2E-8 5E-5 5E-4
21 Scandium·46 Y, all compounds 9E+2 2E+2 lE-7 3E-l0 1E-5 1E-4
21 Scandium·47 Y, all compounds 2E+3 3E+3 lE-6 4E-9 - -

LLI wall - - - 4E-5 4E-4
(3E+3)

21 Scandium-48 Y, all compounds 8E+2 lE+3 6E-7 2E-9 1E-5 1E-4
21 Scandium-49" Y, all compounds 2E+4 5E+4 2E-5 8E-8 3E·4 3E-3
22 Titanium-44 0, all compounds 3E+2 1E+1 5E-9 2E-l1 4E·6 4E-5

except those given
forWandY
W, oxides, - 3E+1 lE-8 4E-l1 - -
hydroxides,
carbides, halides,
and nitrates
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Tabla I Table II Table III
Releases to

I ValUeS Effluent Concentrations Sewers
Atomic Col. 1 Col. 2 I <Col. 3 ColO! Col. 2 Monthly

No.
Oral Inhalation Average

Ingestion DAC
Water Concen-
(~CUml) lraUon

ALI (~Ci) (~CUml) (flCilml)
Y, SrTi03 - 6E+O 2E-9 8E-12 - -

22 Titanium-45 D, see Ti 9E+3 3E+4 lE-5 3E-8 lE-4 lE-3

W, see Ti - 4E+4 lE-5 5E-8 - -
Y, see Ti - 3E+4 lE-5 4E-8 - -

23 Vanadium·47 D, all compounds 3E+4 8E+4 3E-5 1E-7 - -
except those given Stwali - - - 4E-4 4E-3
forW (3E+4)
W, oxides, - 1E+5 4E-5 1E-7 - -
hydroxides,
carbides, and
halides

23 Vanadium-48 D, see V 6E+2 lE+3 5E-7 2E-9 9E-6 9E-5

W,see V - 6E+2 3E-7 9E-l0 - -
23 Vanadium·49 D, see "IV 7E+4 3E+4 lE-5 - - -

LLI wali Bone surf - 5E-8 1E-3 1E-2
(9E+4) 13E+4)

W,see V - 2E+4 8E-6 2E-8 - -
24 Chromium·48 D, all compounds 6E+3 lE+4 5E-6 2E-8 8E-5 8E-4

except those given
forW and Y
W, halides and - 7E+3 3E-6 lE-8 - -
nitrates
Y, oxides and - 7E+3 3E-6 lE-8 - -
hvdroxides

24 Chromium-49 D,see Cr 3E+4 8E+4 4E-5 lE-7 4E-4 4E-3
W, see .. tlCr - lE+5 4E-5 lE-7 - -
Y, see "oCr - 9E+4 4E-5 lE-7 - -

24 Chromium-51 D, see Cr 4E+4 5E+4 2E-5 6E-8 5E-4 5E-3
W, see 'IOCr - 2E+4 lE-5 3E-8 - -
y, see "oCr - 2E+4 8E-6 3E-8 - -

25 Manganese-51 D, all compounds 2E+4 5E+4 2E-5 7E-8 3E-4 3E-3
except those given
forW
W, oxides, - 6E+4 3E-5 8E-8 - -
hydroxides,
halides, and
nitrates

25 Man~anese- D,see Mn 3E+4 9E+4 4E-5 lE-7 - -
52m Stwali - - - 5E-4 5E-3

(4E+4)
W,see Mn - lE+5 4E-5 lE-7 - -

25 Manganese-52 D, see :JI Mn 7E+2 lE+3 5E-7 2E-9 1E-5 lE-4
W, see -liMn - 9E+2 4E-7 lE-9 - -

25 Manganese~53 D, see Mn 5E+4 1E+4 5E-6 - 7E-4 7E-3
- Bone surf - 3E-8 - -

(2E+4)
W, see ::>IMn - lE+4 5E-6 2E-8 - -

25 Manganese~54 D, see Mn 2E+3 9E+2 4E-7 1E-9 3E-5 3E-4

W,see Mn - 8E+2 3E-7 lE-9 - -
25 Manganese~56 D, see::> Mn 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see ::>IMn - 2E+4 9E-6 3E-8 - -
26 Iron-52 D, all compounds 9E+2 3E+3 1E-6 4E-9 1E-5 lE-4

except those given
forW
W, oxides, - 2E+3 lE-6 3E-9 - -
hydroxides, and
halides

26 Iron-55 D, see ::>'<:Fe 9E+3 2E+3 8E-7 3E-9 lE-4 1E-3

W, see Fe - 4E+3 2E-6 6E-9 - -
26 Iron~59 D, see Fe 8E+2 3E+2 1E-7 5E-1O 1E-5 lE-4

W, see ::>'<:Fe - 5E+2 2E-7 7E-10 - -
26 Iron-60 0, see ;'>"'Fe 3E+l 6E+O 3E-9 9E-12 4E-7 4E-6
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,.a~lel \lalue~ Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col.f COl. 2 ", "I ,".' CO/.3 Co/.f Col. 2 Monthly
No.

Oral Inhalation Average
Ingestion DAC

Water Concen~

',..", -" (~CUml) trationALI (~CI) (~CUml) (IlCUm/)
W, see ""'Fe - 2E+1 8E-9 3E-11 - -

27 Coball-55 W, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
except those given
for Y
Y,oxides, - 3E+3 lE·6 4E-9 - -
hydroxides,
halides, and
nitrates

27 Coball-56 W, see Co 5E+2 3E+2 1E-7 4E-10 6E-6 6E-5
Y, see "'::leo 4E+2 2E+2 8E-8 3E-10 - -

27 Cobalt-57 W, see ""Co 8E+3 3E+3 lE-6 4E-9 6E-5 6E-4

Y,see Co 4E+3 7E+2 3E-7 9E-10 - -
27 Cobalt-58m W, see Co 6E+4 9E+4 4E-5 lE-7 8E-4 8E-3

Y, see :;lOCo - 6E+4 3E-5 9E-8 - -
27 Cobalt-58 W, see ""Co 2E+3 1E+3 5E-7 2E-9 2E-5 2E-4

Y, see Co lE+3 7E+2 3E-7 1E-9 - -
27 Cobalt-60m' W, see :xICo 1E+6 4E+6 2E-3 6E-6 - -

Stwall - - - 2E-2 2E-l
(1 E+6)

V, see Co - 3E+6 1E-3 4E-6 - -
27 Coball-60 W, see =eo 5E+2 2E+2 7E-8 2E-l0 3E-6 3E-5

Y, see ""'Co 2E+2 3E+1 1E-8 5E-l1 - -

27 Cobalt-61 W, see Co 2E+4 6E+4 3E-5 9E-8 3E·4 3E-3
Y, see D::lCO 2E+4 6E+4 2E-5 8E-8 - -

27 Cobalt-62m' W, see o"eo 4E+4 2E+5 7E-5 2E-7 - -
Stwall - - - 7E-4 7E-3
(5E+4)

Y, see ;'-:leo - 2E+5 6E-5 2E-7 - -

28 Nickel-56 0, all compounds 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
except those given
torW
W, oxides, - lE+3 5E-7 2E-9 - -
hydroxides, and
carbides
Vapor - 1E+3 5E-7 2E-9 - -

28 Nickel-57 0, see ooNi 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, see <>ONi - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -

28 Nickel-59 0, see NI 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3
W, see ooNi - 7E+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -

28 Nickel-63 D,see=Ni 9E+3 2E+3 7E-7 2E-9 lE-4 1E-3

W, see Ni - 3E+3 1E-6 4E-9 - -
VaDor - 8E+2 3E-7 1E-9 - -

28 Nickel-65 0, see ooNi 8E+3 2E+4 1E-5 3E-8 lE-4 1E-3
W, see :JONi - 3E+4 1E-5 4E-8 - -
VaDor - 2E+4 7E-6 2E-8 - -

28 Nickel-66 D,see Ni 4E+2 2E+3 7E-7 2E-9 - -
LLI wall - - - 6E-6 6E-5
(5E+2)

W, see '-'UNi - 6E+2 3E-7 9E-10 - -

VaDor - 3E+3 1E-6 4E-9 - -
29 Copper-60 D, all compounds 3E+4 9E+4 4E-5 1E-7 - -

except those given Stwall - - - 4E-4 4E-3
forW and Y (3E+4)
W, sulfides, - lE+5 5E-5 2E-7 - -
halides, and
nitrates
Y, oxides and - lE+5 4E-5 lE-7 - -
hvdroxides

29 Copper-61 0, see Cu lE+4 3E+4 lE-5 4E-8 2E-4 2E-3
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Tablel-yalUes
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestiqn DAC
Water Concan·

ALI (~Ci) (~CUml)
(~CUml) trali°7tl

(IlCilmi
W, see bUCU - 4E+4 2E-5 6E-8 - -
Y, see t:>UCu - 4E+4 1E-5 5E-8 - -

29 Copper-64 D,see Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3

W, see tillCu - 2E+4 1E-5 3E-8 - -
Y, see bUCU - 2E+4 9E-6 3E-8 - -

29 Copper-67 D, see bUCU 5E+3 8E+3 3E-6 1E-8 6E-5 6E-4

W,see Cu - 5E+3 2E-6 7E-9 - -
Y, see bUCU - 5E+3 2E-6 6E-9 - -

30 Zinc-52 y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-63' Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -

~IW~~ - - - 3E-4 3E-3
3E+4

30 Zinc-65 Y, all comoounds 4E+2 3E+2 lE-7 4E-10 5E-6 5E-5
30 Zinc-89m Y, all compounds 4E+3 7E+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-69' Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3

30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, all com Qunds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
31 Gallium-65 D, aU compounds 5E+4 2E+5 7E-5 2E-7 - -

except those given Slwall - - - 9E-4 9E-3
forW (6E+4)
W, oxides, - 2E+5 8E-5 3E-7 - -
hydroxides,
carbides, halides,
and nitrates

31 Gallium-66 D, see Ga 1E+3 4E+3 1E-6 5E-9 1E-5 1E-4

W, see ObGa - 3E+3 1E-6 4E-9 - -
31 Gallium-67 0, see tioGa 7E+3 1E+4 6E-6 2E-8 1E-4 1E-3

W, see o:Ga - 1E+4 4E-6 1E-8 - -
31 Gallium-58 D,see Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, see ~Ga - 5E+4 2E-5 7E-8 - -
31 Gallium-70' D, see bOGa 5E+4 2E+5 7E_5 2E-7 - -

SIW~~ - - - lE-3 lE-2
17E+4

W, see t):)Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D, see~Ga lE+3 4E+3 1E-6 5E-9 2E-5 2E-4

W,see Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-73 D,see Ga 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see ti-tlGa - 2E+4 6E-6 2E-8 - -
32 Germanium-56 D, all compounds 2E+4 3E+4 lE-5 4E-8 3E-4 3E-3

except those given
forW
W, oxides, - 2E+4 8E-6 3E-8 - -
sulfides, and
halides

32 Germanium-6?z D, see bOGe 3E+4 9E+4 4E-5 1E-7 - -
Slwali - - - 6E-4 6E-3
(4E+4)

W, see ooGe - 1E+5 4E-5 1E-7 - -

32 Germanium-68 D, see t>t>Ge 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4

W,see Ge - 1E+2 4E-8 1E-10 - -
32 Germanium-69 D, see Ge lE+4 2E+4 6E-6 2E-8 2E-4 2E-3

W, see bOGe - 8E+3 3E-6 1E-8 - -

32 Germanium-?1 D, see ooGe 5E+5 4E+5 2E-4 6E-7 7E-3 7E-2

W,see Ge - 4E+4 2E-5 6E-8 - -
32 Germanium-?5 D, see btiGe 4E+4 8E+4 3E-5 1E-7 - -

Stwall - - - 9E-4 9E-3
(7E+4)

W,see Ge - 8E+4 4E-5 1E-7 - -
32 Germanium-?? D, see tiOGe 9E+3 1E+4 4E-6 1E-8 1E-4 1E-3

W, see ooGe 6E+3 2E-6 8E-9 - -
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide
Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly

No. Oral Inhalation Average

Ingestion PAC
Water Concan-

ALI (~Ci) (~CVml)
(~CUml) tration

(/lCi/ml)
32 Germanium-78 D,see Ge 2E+4 2E+4 9E-6 3E-8 - -

~IW~~ - - - 3E-4 3E-3
2E+4

W,see Ge - 2E+4 9E-6 3E-8 - -
33 Arsenic-69 W, all compounds 3E+4 1E+5 5E-5 2E-7 - -

Slwall - - - 6E-4 6E-3
14E+4\

33 Arsenic·70" W, all compounds 1E+4 5E+4 2E-5 7E-8 2E-4 2E-3

33 Arsenic-71 W, all compounds 4E+3 5E+3 2E-6 6E-9 5E-5 5E-4

33 Arsenic-72 W, all comoounds 9E+2 lE+3 6E-7 2E-9 1E-5 1E-4

33 Arsenic-73 W, all compounds 8E+3 2E+3 7E-7 2E-9 1E-4 1E-3

33 Arsenic-74 W, all compounds lE+3 8E+2 3E-7 lE-9 2E-5 2E-4

33 Arsenic-76 W, all comnounds lE+3 lE+3 6E-7 2E-9 lE-5 1E-4

33 Arsenic-?? W, all compounds 4E+3 5E+3 2E-6 7E-9 - -
7;1 wall - - - 6E-5 6E-4
5E+3)

33 Arsenic-7S£. W, all compounds 8E+3 2E+4 9E-6 3E-8 lE-4 1E-3

34 Selenium-lO" D, all compounds 2E+4 4E+4 2E-5 5E-8 1E-4 1E-3
except those given
forW
W, oxides, lE+4 4E+4 2E-5 6E-8 - -
hydroxides,
carbides, and
elemental Se

34 Selenium-73m£' D, see Se 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3

W, see fUSe 3E+4 1E+5 6E-5 2E-7 - -
34 Selenium-73 0, see fUSe 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4

W, see fUSe - 2E+4 7E-6 2E-8 - -
34 Selenium-75 D, see Se 5E+2 7E+2 3E-7 1E-9 7E-6 7E-5

W, see IUSe - 6E+2 3E-7 8E-1O - -
34 Selenium-79 0, see (USe 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5

W,see Se - 6E+2 2E-7 8E-1O - -
34 Selenium-81 m:.! 0, see (USe 4E+4 7E+4 3E-5 9E-8 3E-4 3E-3

W, see (USe 2E+4 7E+4 3E-5 lE-7 - -
34 Selenium-81' 0, see Se 6E+4 2E+5 9E-5 3E-7 - -

Siwall - - - 1E-3 1E-2
(8E+4)

W, see (USe - 2E+5 1E-4 3E-7 - -
34 Selenium-83' 0, see Se 4E+4 lE+5 5E-5 2E-7 4E-4 4E-3

W, see (USe 3E+4 1E+S 5E-5 2E-7 - -
35 Bromine-74mL 0, bromides of H, 1E+4 4E+4 2E-5 5E-8 - -

Li, Na, K, Rb, Cs, Siwall - - - 3E-4 3E-3
and Fr (2E+4)
W, bromides of - 4E+4 2E-5 6E-8 - -
lanthanides, Be,
Mg, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
Ge, Sn, Pb, As,
Sb, Bi, Fe, Ru, Os,
Co, Rh, Ir, Ni, Pd,
PI, Cu, Ag, Au, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, Hf, V, Nb, Ta,
Mn, Te, and Re

35 Bromine-74 0, see mBr 2E+4 7E+4 3E-5 lE-7 - -
Slwall - - - 5E-4 5E-3
14E+4)

W,see m
Br - 8E+4 4E-5 lE-7 - -

35 Bromine-7SL 0, see m
Br 3E+4 5E+4 2E-5 7E-8 - -

~Iwall - - - 5E-4 5E-3
4E+4)

W, see 1
4mBr - 5E+4 2E-5 7E-8 - -
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\Tablelvalues
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Col.! Col. 2 I Col.S Col. 1 Col. 2 Monthly
No.

Oral
Inhalation Average

...
Inge~tion DAC Water Concen-

(~CVml) tration
ALIWCi) (~CVml) (/1CVml)

35 Bromine-76 D, see '''fmBr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4

W,see m
Br - 4E+3 2E-6 6E-9 - -

35 Bromine~77 D, see (4mSr 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3
W, see ,'mSr - 2E+4 8E-6 3E-8 - -

35 Bromine-80m D,see m
Br 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3

W, see /- mSr - 1E+4 6E-6 2E-8 - -
35 Bromine-BO 0, see /<m Br 5E+4 2E+5 8E-5 3E-7 - -

Stwall - - - 1E-3 1E-2
19E+4)

W, see /- mSr - 2E+5 9E-5 3E-7 - -
35 Bromine-82 D, see l"ImSr 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W, see f' mSr - 4E+3 2E-6 5E-9 - -
35 Bromine-83 0, see mBr 5E+4 6E+4 3E-5 9E-8 - -

Stwall - - - 9E-4 9E-3
(7E+4)

W, see ,'mSr - 6E+4 3E-5 9E-8 - -
35 Bromine-84'" D, see m

Br 2E+4 6E+4 2E-5 8E-8 - -
~tw~~ - - - 4E-4 4E-3
3E+4

W, see l'mSr - 6E+4 3E-5 9E-8 - -
36 Krvpton-74~ Submersion - - 3E-6 1E-8 - -
36 Krypton-76 Submersion - - 9E-6 4E-8 - -
36 Krypton-77~ Submersion - - 4E-6 2E-8 - -
36 Krypton-79 Submersion - - 2E-5 7E-8 - -

36 Krypton-81 Submersion - - 7E-4 3E-6 - -

36 Krypton-83m' Submersion - - 1E-2 5E-5 - -
36 Krypton-85m Submersion - - 2E-5 1E-7 - -
36 Krypton-85 Submersion - - 1E-4 7E-7 - -
36 Krypton·87' Submersion - - 5E-6 2E-8 - -
36 Krypton-88 Submersion - - 2E-6 9E-9 - -
37 Rubidium-79 D, all compounds 4E+4 1E+5 5E-5 2E-7 - -

Stwall - - - 8E-4 8E-3
(6E+4)

37 Rubidium-81m'" D, all compounds 2E+5 3E+5 1E-4 5E-7 - -

Stw~~ - - - 4E-3 4E-2
(3E+5

37 Rubidium-81 0, all compounds 4E+4 5E+4 2E-5 7E-8 5E-4 5E-3
37 Rubidium-82m 0, all compounds 1E+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubidium·83 D, all comoQunds 6E+2 1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium·84 0, all comoounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-86 0, all comoounds 5E+2 8E+2 3E-7 1E-9 7E·6 7E-5
37 Rubidium-87 D, all com ounds 1E+3 2E+3 6E-7 2E-9 1E-5 1E-4
37 Rubidium-B8 0, all compounds 2E+4 6E+4 3E-5 9E-8 - -

Stwall - - - 4E-4 4E-3
(3E+4)

37 Rubidium-89' D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
Stwall - - - 9E-4 9E-3
(6E+4)

38 Strontium-BO
L D, all soluble 4E+3 1E+4 5E·6 2E-8 6E-5 6E-4

compounds except
SrTi03

Y, all insoluble - 1E+4 5E-6 2E·8 -
compounds and
SrTiOJ

38 Strontium-81 0, see tiUSr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3

Y, see ~Sr 2E+4 8E+4 3E-5 1E-7 - -
38 Strontium-82 D,see Sr 3E+2 4E+2 2E-7 6E-10 - -

LLI wall - - - 3E-6 3E-5
(2E+2\

Y, see Sr 2E+2 9E+1 4E·8 1E-10 - -
38 Strontium-83 D, see Sr 3E+3 7E+3 3E-6 1E-8 3E-5 3E-4
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••oTablel"values Table II
Table III

Effluent Concentrations Releases to
Sewers

Col. 1 Col. 2 I Col. 3 Co/.1 Col. 2 Monlhly

Oral Inhalalion Average

Ingestion PAC
Water Concen-

ALI(~(:i)
ALI (~Cj)

(~CUIl)I)
(~CUIl)I) Iralio':/l

(/1CVml
V, see lSUSr 2E+3 4E+3 1E-6 5E-9 - -

38 Strontjum~85mL D, see ot Sr 2E+5 6E+5 3E-4 9E-? 3E-3 3E-2

Y,see Sr - 8E+5 4E-4 lE-6 - -

38 Strontium·85 D, see BUSr 3E+3 3E+3 lE-6 4E-9 4E-5 4E-4

Y, see /:SUSr - 2E+3 6E-? 2E-9 - -
38 Strontium-87m D, see I:l'.Sr 5E+4 lE+5 5E-5 2E-? 6E-4 6E-3

Y, see Sr 4E+4 2E+5 6E-5 2E-? - -
38 Strontium-89 0, see 50Sr 6E+2 8E+2 4E-? 1E-9 - -

LLI wall - - - 8E-6 8E-5
(6E+2)

V, see Sr 5E+2 lE+2 6E-8 2E-l0 - -
38 Strontium-gO 0, see BUSr 3E+l 2E+l 8E-9 - - -

Bone surf Bone surf - 3E-1I SE-? 5E-6
(4E+I) (2E+l)

Y, see Sr - 4E+0 2E-9 6E-12

38 Strontium-91 D, see BUSr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4

V, see tlUSr - 4E+3 1E-6 5E-9 - -

38 Strontium-92 D, see Sr 3E+3 9E+3 4E-6 lE-8 4E-5 4E-4

Y, see !:lUSr - ?E+3 3E-6 9E-9 - -
39 Yttrium·86mL W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3

except those given
lorY
Y, oxides and - 5E+4 2E-5 8E-8 - -
hYdroxides

39 Yttrium-B6 W, see OOffiy lE+3 3E+3 1E-6 5E-9 2E-5 2E-4

Y, see my - 3E+3 lE-6 5E-9 - -

39 Yttrium·B7 W, see Y 2E+3 3E+3 lE-6 5E-9 3E-5 3E-4

Y, see tsOmy - 3E+3 lE-6 5E-9 - -

39 Yttrium-B8 W, see omny 1E+3 3E+2 1E-? 3E-10 1E-5 lE-4

Y,see Y - 2E+2 lE-? 3E-l0 - -

39 Yttrium-gOm W, see tsbmy 8E+3 lE+4 5E-6 2E-8 lE-4 1E-3

Y, see tlOlTIy - 1E+4 5E-6 2E-8 - -
39 Yttrium-gO W, see Y 4E+2 ?E+2 3E-? 9E-10 - -

LLI wall - - - ?E-6 ?E-5
(5E+2)

Y, see oomy - 6E+2 3E-? 9E-l0 - -
39 Yttrium-91 m" W,see my lE+5 2E+5 lE-4 3E-? 2E-3 2E-2

Y, see my - 2E+5 ?E-5 2E-? - -
39 Yttrium-91 W, see tsOmy 5E+2 2E+2 ?E-8 2E-l0 - -

LLI wall - - - 8E-6 8E-5
16E+2)

Y, see BOmy - lE+2 5E-8 2E-l0 - -
39 YUrium-92 W, see tlOffiy 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4

Y, see OOIlly - 8E+3 3E-6 1E-B - -
39 YUrium-93 W,see Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y, see tlbmy - 2E+3 1E-6 3E-9 - -
39 Ytlrium~94L. W, see OOIlly 2E+4 8E+4 3E-5 1E-? - -

~t wai: - - - 4E-4 4E-3
3E+4

y, see tlbmy - 8E+4 3E-5 1E-? - -

39 Ytlrium-95L. W,see my 4E+4 2E+5 6E-5 2E-? - -
~I wa;~ - - - ?E-4 ?E-3
5E+4

Y,see~Y - lE+5 6E-5 2E-? - -
40 Zirconium·86 D, all compounds lE+3 4E+3 2E-6 6E-9 2E-5 2E-4

except those given
forW and Y
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Ta!)lel'values
Ta!)le II

Ta!)le III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Co/.3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion PAC
Waler ConCBn~

ALI(~Ci) (~CUml)
(~CUml) l~;ation

'IICVmlj
W, oxides, - 3E+3 lE-6 4E-9 - -
hydroxides,
halides, and
nitrates
V, carbide - 2E+3 lE-6 3E-9 - -

40 Zirconium-B8 D, see IX Zr 4E+3 2E+2 9E-B 3E-l0 5E-5 5E-4

W,see Zr - 5E+2 2E-7 7E-l0 - -

Y, see tsOZr - 3E+2 lE-7 4E-l0 - -
40 Zirconium-89 D, see l)l;Zr 2E+3 4E+3 lE-6 5E-9 2E-5 2E-4

W,see Zr - 2E+3 lE-6 3E-9 - -
Y, see ISt.>Zr - 2E+3 lE-6 3E-9 - -

40 Zirconium-93 D, see ooZr lE+3 6E+0 3E-9 - - -

B~,ne ~~rf B~2ne ~~rf - 2E-ll 4E-5 4E-4
3E+3 2E+l

W, see tlbZr - 2E+l lE-B - - -
- Bone surf - 9E-ll - -

16E+l\

Y,see Zr - 6E+l 2E-B - - -
- B~7ne ~~rf - 9E-ll - -

7E+l
40 Zirconium-95 D,see Zr lE+3 1E+2 5E-B - 2E-5 2E-4

- Bone surf - 4E-l0 -
(3E+2)

W, see ooZr - 4E+2 2E-7 5E-l0 - -
V, see Zr - 3E+2 lE-7 4E-l0 - -

40 Zirconium-97 D,see Zr 6E+2 2E+3 BE-7 3E-9 9E-6 9E-5
W, see /jOZr - lE+3 6E-7 2E-9 - -
Y, see ooZr - lE+3 5E-7 2E-9 - -

41 Niobium-B8"- W, all compounds 5E+4 2E+5 9E-5 3E-7 - -
except those given Stwall - - - lE-3 lE-2
forY (7E+4)
Y, oxides and - 2E+5 9E-5 3E-7 - -
hydroxides

41 Nioblum-89L W, see ""Nb lE+4 4E+4 2E-5 6E-B lE-4 lE-3
(66 min) Y,see Nb - 4E+4 2E-5 5E-B - -

41 Niobium-89 W,see Nb 5E+3 2E+4 BE-6 3E-B 7E-5 7E-4
(122 min) Y, see ""Nb 2E+4 6E-6 2E-B - -

41 Niobium-gO W,see Nb lE+3 3E+3 lE-6 4E-9 lE-5 lE-4

Y,see Nb - 2E+3 lE-6 3E-9 - -
41 Niobium-93m W, see ""Nb 9E+3 2E+3 BE-7 3E-9 - -

LLI wall - - - 2E-4 2E-3
(1 E+4)

V, see Nb - 2E+2 7E-B 2E-l0 - -
41 Niobium-94 W, see ""Nb 9E+2 2E+2 BE-B 3E-l0 lE-5 1E-4

Y, see ""Nb - 2E+l 6E-9 2E-ll - -

41 Niobium-95m W,see Nb 2E+3 3E+3 lE-6 4E-9 - -
LLI wall - - - 3E-5 3E-4
(2E+3)

Y, see ""Nb - 2E+3 9E-7 3E-9 - -
41 Niobium-9S W,see Nb 2E+3 lE+3 5E-7 2E-9 3E-5 3E-4

Y, see ""Nb - lE+3 5E-7 2E-9 - -
41 Niobium-96 W, see ""Nb lE+3 3E+3 lE-6 4E-9 2E-5 2E-4

Y, see Nb - 2E+3 lE-6 3E-9 - -
41 Niobium·97 W, see Nb 2E+4 BE+4 3E-5 lE-7 3E-4 3E-3

Y, see M Nb - 7E+4 3E-5 lE-7 - -
41 Niobium-9al. W, see ~Nb lE+4 5E+4 2E-5 BE-B 2E-4 2E-3

Y,see Nb - 5E+4 2E-5 7E-B - -
42 Molybdenum- 0, all compounds 4E+3 7E+3 3E-6 lE-B 3E-5 3E-4

90 except those given
for Y
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Tabl\Va.lues
Table 11

Table 111

i:ff1uent Concentrations Releases to
Sewers

Atomic Radionuclide
Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Montll/y

No. Oral Inhalation Average

Ingestion OAC
Water Concen-
(~CUml) Irelio~JALI (~Cj) (~CVml) (IlCVml

Y,oxides, 2E+3 5E+3 2E-6 6E-9 - -
hydroxide, and
MoS2

42 Molybdenum- D, see w Mo 9E+3 2E+4 7E-6 2E-8 6E-5 6E-4
93m V, see Mo 4E+3 1E+4 6E-6 2E-8 - -

42 Molybdenum- 0, see wMo 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
93 Y, see w Mo 2E+4 2E+2 8E-8 2E-10 - -

42 Molybdenum- 0, see Mo 2E+3 3E+3 1E-6 4E-9 - -
99 LLI wall - - - 2E-5 2E-4

(1E+3)
Y, see w Mo 1E+3 1E+3 6E-7 2E-9 - -

42 Mol~bdenum- D,see Mo 4E+4 1E+5 6E-5 2E-7 - -
101 Siwall - - - 7E-4 7E-3

(5E+4)
Y, see w Mo - 1E+5 6E-5 2E-7 - -

43 Technetium- D, all compounds 7E+4 2E+5 6E-5 2E-7 1E-3 1E-2
93m2 except those given

forW
W, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides,
halides, and
nitrates

43 Technetium-93 0, see 'Tc 3E+4 7E+4 3E-5 1E-7 4E-4 4E-3

W, see ''''Tc - 1E+5 4E-5 1E-7 - -
43 Technetium- 0, see ''''Tc 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3

94m
2

W,see "Tc - 6E+4 2E-5 8E-8 - -
43 Technetium-94 0, see ''''Tc 9E+3 2E+4 8E-6 3E-8 1E-4 1E-3

W, see ''''Tc - 2E+4 1E-5 3E-8 - -
43 Technetium- 0, see myc 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4

95m W,see ''Tc - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, see ''''Tc 1E+4 2E+4 9E-6 3E-8 1E-4 1E-3

W, see ''''Tc - 2E+4 8E-6 3E-8 - -
43 Technetium- D,see ''Tc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2

96m
2

W,see!:l~c - 2E+5 1E-4 3E-7 - -
43 Technetium-96 D, see .:lffi.yc 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4

W,see ''Tc - 2E+3 9E-7 3E-9 - -
43 Technetium- D, see ''''Tc 5E+3 7E+3 3E-6 - 6E-5 6E-4

97m - SIWall - 1E-8 - -
(7E + 3)

W,see ''Tc - 1E+3 5E-7 2E-9 - -
43 Technetium-97 D, see ''''Tc 4E+4 5E+4 2E-5 7E-8 5E-4 5E-3

W, see :::l.m1Tc - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D,see 'Tc 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4

W,see ''Tc - 3E+2 1E-7 4E-10 - -

43 Technetium- D, see ''''Tc 8E+4 2E+5 6E-5 2E-7 1E-3 1E-2
99m W,seet!~c - 2E+5 1E-4 3E-7 - -

43 Technetium~99 D, see 'Tc 4E+3 5E+3 2E-6 - 6E-5 6E-4
- Siwall - 8E-9 - -

(6E+3)
W, see ""Tc - 7E+2 3E-7 9E-10 - -

43 Technetium~ D,see myc 9E+4 3E+5 1E-4 5E-7 - -
101

2
~I wai~ - - - 2E-3 2E-2
1E+5

W,see Tc - 4E+5 2E-4 5E-7 - -
43 Technetium- 0, see ""'Tc 2E+4 7E+4 3E-5 1E-7 - -

104
2

~I wa;~ - - - 4E-4 4E-3
3E+4

W,see "Tc - 9E+4 4E-5 1E-7 -
44 Ruthenium~94 D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

except those given
forWand Y
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Tabla II Table III
.... :.~",", Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monlhly

No. Oral Inhalation Average

Ingestion DAC
Air Water Concen-

ALI (~Ci) (~CUml)
(~CUml) (~CUml) .(;ration

/lCVml)
W, halides 6E+4 3E-5 9E-8 - -
y, oxides and - 6E+4 2E-5 8E-8 - -
hvdroxides

44 Ruthenium-97 0, see Ru 8E+3 2E+4 8E-6 3E-8 lE-4 lE-3

W, see \:;j.lRu - lE+4 5E-6 2E-8 - -
Y,seelf'Ru - lE+4 5E-6 2E-8 - -

44 Ruthenium-103 D, see Ru 2E+3 2E+3 7E-7 2E-9 3E-5 3E-4

W, see ~Ru - lE+3 4E-7 lE-9 - -
Y, see !:J.l Ru - 6E+2 3E-7 9E-l0 - -

44 Ruthenium-105 0, see '<:!'lRu 5E+3 lE+4 6E-6 2E-8 7E-5 7E-4

W,see Ru - lE+4 6E-6 2E-8 - -
Y, see 'iMRu - 1E+4 5E-6 2E-8 - -

44 Ruthenium-10B 0, see lI4Ru 2E+2 9E+1 4E-8 1E-l0 - -
~~I W~~I - - - 3E-6 3E-5
2E+2

W, see l:I4Ru - 5E+l 2E-8 8E-l1 - -
y, see ~Ru - lE+l 5E-9 2E-11 - -

45 Rhodium-99m D, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
except those given
forW and Y
W, halides - 8E+4 3E-5 1E-7 - -
y, oxides and - 7E+4 3E-5 9E-8 - -
hvdroxides

45 Rhodium-99 0, see m
Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4

W, see \:ltlmRh - 2E+3 9E-7 3E-9 - -
Y,see

m
Rh - 2E+3 8E-7 3E-9 - -

45 Rhodium-100 D,see Rh 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, see wmRh - 4E+3 2E-6 6E-9 - -
Y, see ~ mRh - 4E+3 2E-6 5E-9 - -

45 Rhodium-101m D,see m
Rh 6E+3 lE+4 5E-6 2E-8 8E-5 8E-4

W, see """'Rh - 8E+3 4E-6 lE-8 - -
Y,seewmRh - 8E+3 3E-6 lE-8 - -

45 Rhodium-l0l 0, see wmRh 2E+3 5E+2 2E-7 7E-1O 3E-5 3E-4

W,see Rh - 8E+2 3E-7 lE-9 - -

Y, see wmRh - 2E+2 6E-8 2E-10 - -
45 Rhodium-102m 0, see wmRh lE+3 5E+2 2E-7 7E-1O - -

~LI W~~I - - - 2E-5 2E-4
1E+3

W, see WffiRh - 4E+2 2E-7 5E-10 - -
Y, see """'Rh - lE+2 5E-8 2E-10 - -

45 Rhodlum-l02 0, see wmRh 6E+2 9E+l 4E-8 lE-10 8E-6 8E-5

W,see
m

Rh - 2E+2 7E-8 2E-l0 - -
Y, see """Rh - 6E+1 2E-8 8E-ll - -

45 Rhodium- 0, see i:NmRh 4E+5 lE+6 5E-4 2E-6 6E-3 6E-2
103m' W,see mRh - 1E+6 5E-4 2E-6 - -

y, see wmRh - lE+6 5E-4 2E-6 - -
45 Rhodium-l05 D, see wmRh 4E+3 lE+4 5E-6 2E-8 - -

LLI wall - - - 5E-5 5E-4
(4E+3)

W, see """'Rh - 6E+3 3E-6 9E-9 - -
Y,see mRh - 6E+3 2E-6 8E-9 - -

45 Rhodium-106m D, see Rh 8E+3 3E+4 lE-5 4E-8 1E-4 1E-3

W, see !:r.::ImRh - 4E+4 2E-5 5E-8 - -
Y, see ~\!mRh - 4E+4 1E-5 5E-8 - -

45 Rhodium-l07 D, see mRh 7E+4 2E+5 1E-4 3E-7 - -

~tw~~ - - lE-3 lE-2
9E+4

W,see \!1>mRh - 3E+5 1E-4 4E-7 - -

Y, see mRh - 3E+5 lE-4 3E-7 - -
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Tabla I Tabla II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalallon Average

Ingestion DAC
Air Walar Concen-

(~CVml) (~CVml) trationALI (~Ci) (~CVml) ·'uCi/ml)
46 PaUadium-100 D, all compounds 1E+3 1E+3 6E-7 2E-9 2E-5 2E-4

except those given
forW and Y
W, nitrates - 1E+3 5E-7 2E-9 - -
Y, oxides and - 1E+3 6E-7 2E-9 - -
hydroxides

46 Palladium-101 D. sae ,wpd 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, see IvvPd - 3E+4 1E-5 5E-8 - -
Y, see Pd - 3E+4 1E-5 4E-8 - -

46 Palladium-103 D, sae,wPd 6E+3 6E+3 3E-6 9E-9 - -
LLI wall - - - 1E-4 1E-3
(7E+3)

W,see Pd - 4E+3 2E-6 6E-9 - -
Y, sae ,wpd - 4E+3 1E-6 5E-9 - -

46 Palladium-107 D, see IUVPd 3E+4 2E+4 9E-6 - -
LLI wall Kidneys - 3E-8 5E-4 5E-3
(4E+4) (2E+4)

W, sea ,wpd - 7E+3 3E-6 1E-8 - -
Y, sae ,0'Pd - 4E+2 2E-7 6E-1O - -

46 Palladium-109 0, see Pd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
W, sae ,wpd - 5E+3 2E-6 8E-9 - -
Y, sae '0' Pd - 5E+3 2E-6 6E-9 -

47 Silvar-102< D, all compounds 5E+4 2E+5 8E-5 2E-7 - -
except those given Stwall - - - 9E-4 9E-3
forW and Y (6E+4)
W, nitrates and - 2E+5 9E-5 3E-7 - -
sulfides
Y, oxides and - 2E+5 8E-5 3E-7 - -
hYdroxides

47 Silvar-103 D, see Ag 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3
W, sea ,0<Ag - 1E+5 5E-5 2E-7 - -
Y, sae w<Ag - 1E+5 5E-5 2E-7 - -

47 Silver-104m< 0, see Ag 3E+4 9E+4 4E-5 1E-7 4E-4 4E-3

W, see Ag - 1E+5 5E-5 2E-7 - -
Y, sae ,0<Ag - 1E+5 5E-5 2E-7 - -

47 Silver-104,( D, sae ,0<Ag 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3

W,see Ao - 1E+5 6E-5 2E-7 - -
Y, see 'WAg - 1E+5 6E-5 2E-7 - -

47 Silver-105 D, see ,wAo 3E+3 1E+3 4E-7 1E-9 4E-5 4E-4

W, see Ag - 2E+3 7E-7 2E-9 - -
Y,see Ag - 2E+3 7E-7 2E-9 - -

47 Silver-106m D, see ,0<Ag 8E+2 7E+2 3E-7 1E-9 1E-5 1E-4
W, see ,0<Ao - 9E+2 4E-7 1E-9 - -

Y, see Ag - 9E+2 4E-7 1E-9 - -
47 Silver-106 D, see ,0<Ag 6E+4 2E+5 8E-5 3E-7 - -

St. wall - - - 9E-4 9E-3
(6E+4)

W, see '"'Ag - 2E+5 9E-5 3E-7 - -
Y, see ,0<Ag - 2E+5 8E-5 3E-7 - -

47 Sliver-108m D, see ,0<Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5

W,see Ao - 3E+2 1E-7 4E-10 - -
Y, see ,v<Ag - 2E+1 1E-8 3E-11 - -

47 Silver-110m 0, see 'WAg 5E+2 1E+2 5E-8 2E-10 6E-6 6E-5

W, see Ag - 2E+2 8E-8 3E-10 - -

Y, see W'Ag - 9E+1 4E-8 1E-10 - -

47 Silver-111 D, see ,v<Ag 9E+2 2E+3 6E-7 - - -
LLI wall Liver - 2E-9 2E-5 2E-4
(1E+3\ (2E+3)

W, see W'Ag - 9E+2 4E-7 1E-9 - -
Y, see ,v<Ag - 9E+2 4E-7 1E-9 - -
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Table Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic CoLt Col. 2 Col. 3 Coi.1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Concan·

ALI (~Gi) (~CYl)1I) trati0?t.
(pCVml

47 Silver-112 D, see "'Ao 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see ,v'Ao - lE+4 4E-6 lE-8 - -
V,see A9 - 9E+3 4E-6 lE-8 - -

47 Silver-115£ D, see "'Ag 3E+4 9E+4 4E-5 lE-7 - -
Siwall - - - 4E-4 4E-3
(3E+4)

W, see w'AQ - 9E+4 4E-5 lE-7 - -
Y, see "'AQ - 8E+4 3E-5 1E-7 - -

48 Cadmium·104,(C D, all compounds 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3
except those given
forWandY
W, sulfides, - lE+5 5E-5 2E-7 - -
halides, and
nitrates
Y, oxides and - 1E+5 5E-5 2E-7 - -
hYdroxides

48 Cadmium·1Q7 D, see Cd 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
W,see ""Cd - 6E+4 2E-5 8E-8 - -
Y, see '~Cd - 5E+4 2E-5 7E-8 - -

48 Cadmium-109 D,see '~Cd 3E+2 4E+l lE-8 - - -
Kidneys Kidneys - 7E-l1 6E-6 6E-5
(4E+2) (5E+l)

W, see '~Cd - lE+2 5E-8 - - -
- Kidneys - 2E-l0 - -

I1E+2\
Y, see ""'Cd - lE+2 5E-8 2E-l0 - -

48 Cadmium-113m D, see '~Cd 2E+1 2E+O 1E-9 - - -
Kidneys Kidneys - 5E-12 5E-7 5E-6
14E+i\ (4E+O\

W, see lU4Cd - 8E+O 4E-9 - - -
- Kidneys - 2E-l1 - -

11 E+i \
Y, see ""'Cd - lE+l 5E-9 2E-ll - -

48 Cadmium-113 D, see '~Cd 2E+1 2E+O 9E-10 - - -
Kidneys Kidneys - 5E-12 4E-7 4E-6
13E+1) (3E+O)

W, see '~Cd - 8E+O 3E-9 - - -
- Kidneys - 2E-1l - -

I1E+i\
Y, see "'''Cd - lE+l 6E-9 2E-l1 - -

48 Cadmium-115m D, see'~Cd 3E+2 5E+1 2E-8 - 4E-6 4E-5
- Kidneys - 1E-l0 - -

18E+i\
W,see Cd - lE+2 5E-8 2E-l0 - -
Y, see ;~Cd - 1E+2 6E-8 2E-l0 - -

48 Cadmium-115 D, see '~Cd 9E+2 lE+3 6E-7 2E-9 - -
LLI wall - - - 1E-5 1E-4
(1 E+3)

W, see ;~Cd - lE+3 5E-7 2E-9 - -
Y,see Cd - 1E+3 6E-7 2E-9 - -

48 Cadmium-117m D,see Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4

W, see ""'Cd - 2E+4 7E-6 2E-8 - -

Y, see '~Cd - 1E+4 6E-6 2E-8 - -

48 Cadmium-117 0, see Cd 5E+3 lE+4 5E-6 2E-8 6E-5 6E-4

W,see Cd - 2E+4 7E-6 2E-8 - -
Y, see '~Cd - lE+4 6E-6 2E-8 - -

49 Indium-109 0, all compounds 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
except those given
forW
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,

Ta~lel Values
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monlhly
No.

Oral Inhalation Average

Ingestion DAC
Water Concan-,..~, -" (~Gilml) (~"ttlonALI (~Gi) (~Gilml) CVml)

.W, oxides, - 6E+4 3E-5 9E-8 - -
hydroxides,
halides, and
nitrates

49 Indium-110 0, see In 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
(69.1 min) W, see lWln - 6E+4 2E-5 8E-8 - -

49 Indium-110 D, see 1U":1ln 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9 h) W, see U>lln - 2E+4 8E-6 3E-8 - -

49 Indium-111 D,see In 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, see,wln - 6E+3 3E-6 9E-9 - -

49 Indium-112< 0, see 1\11;IIn 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2

W,see In - 7E+5 3E-4 1E-6 - -
49 Indium-113m D,see In 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

W, see IWln - 2E+5 8E-5 3E-7 - -
49 Indium-114m 0, see IV"ln 3E+2 6E+1 3E-8 9E-11 - -

LLI wall - - - 5E-6 5E-5
(4E+2l

W, see llMln - 1E+2 4E-8 lE-10 - -

49 Indium-115m 0, see 1vtl'ln 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W,ses in - 5E+4 2E-5 7E-8 - -
49 Indium-115 0, see in 4E+1 1E+0 6E-10 2E-12 5E-7 5E-6

W, see 'V":;lln - 5E+0 2E-9 8E-12 - -

49 Indium-116m< D, see ,v'ln 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3

W, sec In - IE+5 5E-5 2E-7 - -
49 Indium-117m.t 0, see ,win 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3

W, see 1~ln - 4E+4 2E-5 6E-8 - -
49 Indium-117 D, see In 6E+4 2E+5 7E-5 2E-7 8E-4 8E-3

W, see IlNln - 2E+5 9E-5 3E-7 - -
49 Indium-119m"" 0, see IV"ln 4E+4 1E+5 5E-5 2E-7 - -

Siwall - - - 7E-4 7E-3
(5E+4)

W, see 1U":1ln - 1E+5 6E-5 2E-7 - -
50 Tin-110 0, all compounds 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4

except those given
forW
W, sulfides, - 1E+4 5E-6 2E-8 -
oxides, hydroxides,
halides, nitrates,
and stannic
phosphaie

50 Tin_111.t 0, see IUSn 7E+4 2E+5 9E-5 3E-7 1E-3 lE-2
W, see "uSn - 3E+5 1E-4 4E-7 - -

50 Tin-113 0, see Sn 2E+3 1E+3 5E-7 2E-9 - -
LLI wall - - - 3E-5 3E-4
(2E+3)

W, see' 'USn - 5E+2 2E-7 8E-1O - -
50 Tin~117m D, see Sn 2E+3 1E+3 5E-7 - - -

LLI wall Bone surf - 3E-9 3E-5 3E-4
(2E+31 (2E+3)

W,see '"Sn - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, see Sn 3E+3 2E+3 1E-6 3E-9 - -

LLI wall - - - 6E-5 6E-4
(4E+31

W,see Sn - 1E+3 4E-7 1E-9 - -
50 Tin~121m D, see llUSn 3E+3 9E+2 4E-7 1E-9 - -

LUwali - - - 5E-5 5E-4
(4E+3)

W, see Sn - 5E+2 2E-7 8E-1O - -
50 Tin-121 D, see I'VSn 6E+3 2E+4 6E-6 2E-8 - -

LLI wali - - - 8E-5 8E-4
(6E+31
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Table Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide col.1 Col. 2 I.·· Col. 3 Col. 1 Col. 2 Monlhly
No.

Oral Inhalation Average

Ingestion DAC
Water Concen-
(~CUrnl) Iration

ALI (~Ci) (~CUrnl) (1/CVrn/l
W,see Sn - 1E+4 SE·6 2E·8 - ·

SO Tin·123rn 0, see l1USn 5E+4 1E+S SE-S 2E-7 7E·4 7E-3

W,see
w Sn - 1E+S 6E-S 2E-7 - ·

SO Tin-123 0, see Sn SE+2 6E+2 3E-7 9E-10 - ·
LLI wall - · · 9E-6 9E-S
(6E+2)

W, see lUSn - 2E+2 7E-8 2E-10 - ·
SO Tin·12S 0, see ll So 4E+2 9E+2 4E-7 1E-9 - ·

LLI wall - · · 6E·6 6E-S
(SE+2)

W,see
w Sn · 4E+2 1E-7 SE-1O - -

SO Tin-126 D,see Sn 3E+2 6E+1 2E·8 8E-11 4E-6 4E-S

W,see Sn - 7E+1 3E·8 9E-11 - -
SO Tin·127 0, see llUSn 7E+3 2E+4 8E·6 3E-8 9E·S 9E·4

W,see Sn · 2E+4 8E-6 3E-8 - -
SO Tin·128 D,see Sn 9E+3 3E+4 1E-S 4E-8 1E·4 1E·3

W, see 11USn · 4E+4 1E·S SE·B - -
S1 Anlimony·11S' 0, all compounds BE+4 2E+S 1E·4 3E-7 1E·3 1E-2

except those given
forW
W, oxides, - 3E+S 1E-4 4E-7 - ·
hydroxides,
halides, sulfides,
sulfates, and
nitrates

S1 Antimony- D, see "'Sb 2E+4 7E+4 3E-S 1E-7 3E·4 3E·3
116m

2
W,see Sb - 1E+S 6E-S 2E-7 - ·

S1 Anlimony-116 0, see Sb 7E+4 3E+S 1E-4 4E-7 - -
Slwall . · · 1E-3 1E-2
(9E+4)

W,see Sb - 3E+S 1E-4 SE-7 - -
S1 Antimony-117 D,see Sb 7E+4 2E+S 9E·S 3E-7 9E·4 9E-3

W, see "'Sb · 3E+S 1E·4 4E-7 - -
S1 Antimony-118m D, see" Sb 6E+3 2E+4 BE·6 3E-B 7E-S 7E·4

W,see Sb SE+3 2E+4 9E·6 3E·B - -
S1 Antimony-119 D,see Sb 2E+4 SE+4 2E·S 6E·B 2E·4 2E-3

W, see "'Sb 2E+4 3E+4 1E·S 4E·B - -
S1 Antimony-120l: D, see" Sb 1E+S 4E+S 2E·4 6E-7 - ·

(16 min) Stwall - · - 2E-3 2E-2
(2E+S)

W, see "'Sb - SE+S 2E-4 7E-7 - -
51 Antimony·120 D,see Sb 1E+3 2E+3 9E-7 3E-9 1E·5 1E·4

(5.76 d) W, see "'Sb 9E+2 1E+3 5E-7 2E-9 - ·
51 Antimony-122 D, see "'Sb BE+2 2E+3 1E·6 3E-9 - -

LLI wall . · · 1E-S 1E·4
r8E+2)

W, see "'Sb 7E+2 1E+3 4E·7 2E-9 - -
51 Antimony- D, see "'Sb 3E+5 8E+5 4E-4 1E-6 3E-3 3E·2

124m2
W,see Sb 2E+5 6E+5 2E·4 8E-7 - -

S1 Antimony-124 D, see "'Sb 6E+2 9E+2 4E-7 1E-9 7E-6 7E-S

W,see "'Sb SE+2 2E+2 1E·7 3E-10 - -

51 Antimony-12S D, see Sb 2E+3 2E+3 1E·6 3E-9 3E·5 3E·4

W,see Sb · 5E+2 2E-7 7E-10 . -
51 Antimony- D, see "'Sb SE+4 2E+5 BE-S 3E-7 - -

126m
2 Slwall - - - 9E-4 9E-3

r7E+4\

W,see Sb - 2E+S 8E-5 3E-7 - -

51 Antimony-126 D, see "'Sb 6E+2 1E+3 5E-7 2E·9 7E-6 7E-5

W,see Sb SE+2 SE+2 2E-7 7E·10 . ·
51 Antimonv-127 Osee Sb BE+2 2E+3 9E-7 3E·9 - ·
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Table I Table II Table III

Occupational.Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Co/.2 ICo/.S Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion OAC Waler Concen w

(~CUml) tralion
ilLI (~Ci) (~CUml) (/lCVmJ)
LLI wall - - - 1E-5 1E-4
(8E+2)

W, see 'uSb 7E+2 9E+2 4E-7 1E-9 - -
51 Antimony-128" 0, see "uSb 8E+4 4E+5 2E-4 5E-7 - -

(10.4 min) Stwall - - - 1E-3 1E-2
(1E+5)

W, see' ,uSb - 4E+5 2E-4 6E-7 - -
51 Anlimony-128 D, see Sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

(9.01 h) W,see Sb - 3E+3 1E-6 5E-9 - -
51 Antimony-129 D, see "'Sb 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4

W, see ,uSb - 9E+3 4E-6 1E-8 - -
51 Antimony-130 0, see Sb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3

W, see "OSb - BE+4 3E-5 1E-7 - -
51 Antimony-131,L 0, see" Sb 1E+4 2E+4 1E-5 - - -

Thyroid Thyroid - 6E-8 2E-4 2E-3
(2E+4) (4E+4)

W, see "~uSb 2E+4 1E-5 - -
- Thyroid - 6E-8 - -

(4E+4)
52 Tellurium-116 D, all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3

except those given
forW
W, oxides, - 3E+4 1E-5 4E-8 - -
hydroxides, and
nitrates

52 Tellurium-121m 0, see' "'Te 5E+2 2E+2 8E-8 - - -
Bone surf Bone surf - 5E-10 1E-5 1E-4

(7E+2) 4E+2)
W, see ''''Te - 4E+2 2E-7 6E-10 - -

52 Tellurium-121 D, see 1''1"e 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W, see 'Te - 3E+3 1E-6 4E-9 - -
52 Tellurium-123m 0, see ""Te 6E+2 2E+2 9E-8 - - -

Bone surf Bone surf - 8E-1O 1E-5 1E-4
(1 E+3) (5E+2)

W,see ,e - 5E+2 2E-7 8E-1O - -
52 Tellurium~123 D, see' '''Te 5E+2 2E+2 8E-8 - - -

Bone surf Bone surf - 7E-1O 2E-5 2E-4
(1 E+3) (5E+2)

W,see ,e - 4E+2 2E-7 - - -
- Bone surf - 2E-9 - -

(1E+31
52 Tellurium-125m 0, see ,e 1E+3 4E+2 2E-7 - - -

Bone surf Bone surf - 1E-9 2E-5 2E-4
(1E+3\ 1E+3)

W, see ",e - 7E+2 3E-7 1E-9 - -
52 Tellurium-127m 0, see ,e 6E+2 3E+2 1E-7 - 9E-6 9E-5

- Bone surf - 6E-10 - -
(4E+2)

W,see ",e - 3E+2 1E-7 4E-10 - -

52 Tellurium-127 D, see ,e 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, see 1''1"e - 2E+4 7E-6 2E-8 - -

52 Tellurium-129m D, see '''Te 5E+2 6E+2 3E-7 9E-10 7E-6 7E-5

W,see ,e - 2E+2 1E-7 3E-10 - -

52 Tellurium-129 D,see Ie 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, see IloTe - 7E+4 3E-5 1E-7 - -

52 Tellurium~131m 0, see ',e 3E+2 4E+2 2E-7 - - -
Thyroid Thyroid - 2E-9 8E-6 BE-5
(6E+2) (1E+3)

W, see '''Te - 4E+2 2E-7 - - -
- Thyroid - 1E-9 - -

(9E+2)
52 Tellurium-131

L
Dsee"~e 3E+3 5E+3 2E-6 - - -
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Table I Table II Table III

OccupationalValues Effluent Concentrations Releases to
Sewers

Atomic Radionuclide
Col. 1 COl. 2 I Col. 3 COl. 1 Col. 2 Monlhly

No.
Oral Inhalation Average

Ingestion DAC
Air Water Concen-

(~CVml) (~CVml) trationALI (~Ci) (~CVml) !11CVml)

Thyro~~ Thyrol~ - 2E-8 8E-5 8E-4
(6E+3 (1E+4

W, see 110Te - 5E+3 2E-6 - - -
- Thyroid - 2E-8 - -

(1E+4)
52 Tellurium-132 D, see ""Te 2E+2 2E+2 9E-8 - - -

;,hyrO~~ Thyroid - 1E-9 9E-6 9E-5
7E+2 {8E+2\

W,see Te - 2E+2 9E-8 - - -
- Thyroid - 9E-10 - -

(6E+2)
52 Tellurium- D,see "'Te 3E+3 5E+3 2E-6 - - -

2
133m ;~yro~~ ;~yrol~ - 2E-8 9E-5 9E-4

6E+3 1E+4

W, see ,0Te - 5E+3 2E-6 - - -
- Thyroid - 2E-8 - -

(1E+4)
52 Tel1urium-133 0, see 'Te lE+4 2E+4 9E-6 - - -

;~yro~~ ;~yro~~ - 8E-8 4E-4 4E-3
3E+4 6E+4

W, see 'Te - 2E+4 9E-6 - - -
- i~yro~~ - 8E-8 - -

6E+4
52 Teliurium~134L D, see ""Te 2E+4 2E+4 1E-5 - - -

i~yro~~ i~yro:~ - 7E-8 3E-4 3E-3
2E+4 5E+4

W, see '''Te - 2E+4 1E-5 - - -

- Thyroid - 7E-8 - -
(5E+4)

53 Iodine-120m 0, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid - - - 2E-4 2E-3
I1E+4\

53 lodine-120 0, all compounds 4E+3 9E+3 4E-6 - - -
Thyroid Thyroid - 2E-8 1E-4 1E-3
(8E+3) (1 E+4)

53 lodine-121 0, atl compounds 1E+4 2E+4 8E-6 - - -

;~yrol~ ThyrO~~ - 7E-8 4E-4 4E-3
3E+4 (5E+4

53 lodine-123 0, all compounds 3E+3 6E+3 3E-6 - - -
Thyroid Thyroid - 2E-8 1E-4 1E-3
(1E+4) (2E+4)

53 lodine-124 0, all compounds 5E+1 8E+1 3E-8 - - -
Thyroid Thyroid - 4E-10 2E-6 2E-5
(2E+2\ (3E+2)

53 lodine-125 D, all compounds 4E+1 6E+1 3E-8 - - -
Thyroid Thyroid - 3E-10 2E-6 2E-5
(1E+2) (2E+2)

53 iodine-126 0, all compounds 2E+1 4E+1 1E-8 - - -

;~yrOid ;~yro:~ - 2E-10 1E-6 1E-5
7E+1) 1E+2

53 lodine-128' D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
Stwall - - - 8E-4 8E-3
(6E+4)

53 lodine-129 0, all compounds 5E+O 9E+O 4E-9 - - -
;~yroi~ i~yroid - 4E-11 2E-7 2E-6
2E+1 3E+1)

53 iodine-130 0, all compounds 4E+2 7E+2 3E-7 - - -
Thyroid Thyroid - 3E-9 2E-5 2E-4
(1E+3) (2E+3)

53 lodine-131 D, all compounds 3E+1 5E+1 2E-8 - - -
Thyroid Thyroid - 2E-10 1E-6 1E-5
(9E+1) (2E+2)

53 Iodine-132m D, all compounds 4E+3 8E+3 4E-6 - - -
Thyroid Thyroid - 3E-8 1E-4 1E-3
(1E+4) (2E+4)
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•• Ta~lal Tabla II Tabla III
,"" ",olvalUaS Effluent Concentrations Releases to

Sewers
Atomic Col,1 Col.2 -I Col.3 Col. 1 Col. 2 Monlhly

No.
Oral Inhalation Average

Ingestion DAC
Concen-

ALI (~Ci) (~CUI11I) Iratio;,)
(,lCVml

53 lodine-132 0, all compounds 4E+3 8E+3 3E·6 - - -
Thyroid ~hyrO~~ - 2E·8 1E-4 1E-3
(9E+3) 1E+4

53 lodine-133 0, all compounds lE+2 3E+2 lE-7 - - -
Thyroid Thyroid - 1E-9 7E·6 7E-5
(5E+2) (9E+2)

53 lodine-134 0, all compounds 2E+4 5E+4 2E-5 6E-8 - -
Thyroid - - - 4E-4 4E-3
13E+41

53 lodine-135 D, all compounds 8E+2 2E+3 7E-7 - - -
Thyroid Thyroid - 6E-9 3E-5 3E-4
(3E+31 (4E+3)

54 Xenon-120" Submersion - - 1E-5 4E-8 - -
54 Xenon-121"" Submersion - - 2E-6 1E·8 - -
54 Xenon-122 Submersion 1 - - 7E-5 3E-7 - -
54 Xenon-123 Submersion - - 6E·6 3E-8 - -
54 Xenon-125 Submersion - - 2E-5 7E-8 - -

54 Xenon-127 Submersion - - 1E-5 6E-8 - -

54 Xenon-129m Submersion - - 2E-4 9E-7 - -
54 Xenon-131m Submersion - - 4E-4 2E·6 - -
54 Xenon-133m Submersion - - 1E-4 6E-7 - -

54 Xenon-133 Submersion - - 1E-4 5E-7 - -
54 Xenon-135m'" Submersion - - 9E-6 4E-8 - -
54 Xenon-135 Submersion - - 1E-5 7E-8 - -
54 Xenon-138L Submersion \ - - 4E·6 2E-8 - -
55 Cesium-125L 0, all compounds 5E+4 1E+5 6E-5 2E-7 - -

St wa:~ - - - 1E-3 1E-2
(9E+4

55 Cesium-127 0, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3
55 Cesium-129 0, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
55 Cesium-130L D, all compounds 6E+4 2E+5 8E-5 3E-7 - -

Stwail - - - 1E-3 1E-2
(1E+5)

55 Cesium-131 0, all compounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
55 Cesium-132 D, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m D, all compounds 1E+5 1E+5 6E-5 2E-7 - -

Stwall - - - 2E-3 2E-2
I1E+51

55 Cesium-134 D, all comoounds 7E+1 1E+2 4E·8 2E-10 9E-7 9E-6
55 Cesium-135mL D, all compounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2

55 Cesium-135 D, all compounds 7E+2 1E+3 5E-7 2E-9 1E-5 1E-4
55 Cesium-136 D, all comnounds 4E+2 7E+2 3E-7 9E-l0 6E·6 6E-5
55 Cesium-137 D, all comDounds 1E+2 2E+2 6E-S 2E-10 1E·6 1E-5
55 Cesium-138'" D, all compounds 2E+4 6E+4 2E-5 8E·8 - -

Stwail - - - 4E-4 4E-3
13E+4)

56 Barium-126'" D, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4

56 Barium-128 D, all comDounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m D, all compounds 4E+5 1E+6 6E-4 2E-6 - -

Stwall - - - 7E-3 7E-2
(5E+51

56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E·4
56 Barium-133m D, all compounds 2E+3 9E+3 4E-6 1E-8 - -

LLI wall - - - 4E-5 4E·4
13E+31

56 Barium-133 D, all comDounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E·4
56 Barium-135m D, all compounds 3E+3 1E+4 5E·6 2E-8 4E-5 4E-4
56 Barium-139 D, all compounds lE+4 3E+4 1E-5 4E-8 2E-4 2E-3

56 Barium-140 D, all compounds 5E+2 1E+3 6E-7 2E-9 - -
LLI wall - - - 8E-6 8E·5
(6E+2)

56 Barium-141 D, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
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Table I Table II Table III

Occupaticmal Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC Air Water Concen~

(~CUml) (~CUI)lI) IrationALI (~Ci) (~Cuml) ff]Ci/ml}
56 Barium-142 D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum- D, all compounds 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3

131' except those given
lorW
W, oxides and - 2E+5 7E-5 2E-7 - -
hydroxides

57 Lanthanum-132 D, see ""La 3E+3 1E+4 4E-6 1E·8 4E-5 4E-4

W,see La - 1E+4 5E-6 2E-8 - -
57 Lanthanum-135 D, see La 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3

W,see 1~'La - 9E+4 4E-5 1E-7 - -
57 Lanthanum-i3? D,see La 1E+4 6E+1 3E·8 - 2E-4 2E-3

- Liver - 1E-10 - -
(7E+1)

W, see 1.:lILa - 3E+2 1E-7 - - -
- Liver - 4E-10 - -

13E+2)
57 Lanthanum-i38 D, see 1.:lILa 9E+2 4E+O 1E-9 5E-12 1E-5 1E-4

W, see ''>'La - 1E+1 6E-9 2E-11 - -
57 Lanthanum-140 D,see La 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W,see l.:llLa - 1E+3 5E-7 2E-9 -
57 Lanthanum-141 D, see 1.:II La 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4

W, see ""La - 1E+4 5E-6 2E-8 - -
57 Lanthanum- D, see La 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3

142' W, see l.:llla - 3E+4 1E-5 5E·8 - -
57 Lanthanum- D, see \.:IILa 4E+4 1E+5 4E-5 1E-7 - -

143' Stwall - - - 5E-4 5E-3
(4E+4)

W, see 1.:II La - 9E+4 4E-5 1E-7 - -
58 Cerium-134 W, all compounds 5E+2 7E+2 3E-7 1E-9 - -

except those given LLI wall - - - 8E-6 8E-5
forY (6E+2)
Y, oxides, - 7E+2 3E-7 9E-10 - -
hydroxides, and
fluorides

58 Cerium~135 W,see Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4

Y,see Ce - 4E+3 1E-6 5E-9 - -
58 Cerium~137m W, see I¢'lCe 2E+3 4E+3 2E-6 6E-9 - -

LLI wall - - - 3E-5 3E-4
12E+3\

Y,see Ce - 4E+3 2E·6 5E-9 - -
58 Cerium~137 W, see I,)'tCe 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

Y, see ''''''Ce - 1E+5 5E-5 2E-7 - -
58 Cerlum-139 W,see Ce 5E+3 8E+2 3E-7 1E-9 7E-5 7E-4

V, see I,)-LCe - 7E+2 3E-7 9E-10 - -
58 Cerium-141 W, ~ee ,,,,. Ce 2E+3 7E+2 3E-7 1E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3\

V,see I,)-LCe - 6E+2 2E-7 8E-10 - -

58 Cerium-143 W, see ''''''Ce 1E+3 2E+3 8E-7 3E-9 - -
LLI wall - - - 2E-5 2E-4
(1 E+3l

V, see I"><;Ce - 2E+3 7E-7 2E-9 - -
58 Cerium~144 W, see ''''''Ce 2E+2 3E+1 1E-8 4E-11 - -

LLI wall - - - 3E-6 3E-5
(3E+2)

V, see I~Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium- W, all compounds 5E+4 2E+5 1E-4 3E-7 - -

136' except those given Slwaii - - - 1E-3 1E-2
lorY (7E+4)
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Table I Table II Table III

QccupationalValues Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monthly
No.

Oral
Average

Ingestion DAC
Water Concan-

ALI (~C;i) (~c;Uml)
(~c;Uml) tration

(/lCilmQ
Y, oxides, - 2E+5 9E-5 3E-7 -
hydroxides,
carbides, and
fluorides

59 Praseodymium~ W, see l.:.opr 4E+4 2E+5 6E-5 2E-7 5E-4 5E-3
137' Y, see Pr - 1E+5 6E-5 2E-7 - -

59 Praseodymium- W, see l;;sQPr 1E+4 5E+4 2E-5 8E-8 1E-4 1E-3
138m y, seel~Pr - 4E+4 2E-5 6E-8 - -

59 Praseodymium- W,see Pr 4E+4 1E+5 5E-5 2E-7 6E-4 6E-3
139 Y, see l;j1jPr - 1E+5 5E-5 2E-7 - -

59 Praseodymium- W, see -l.:.opr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
142m2

Y, see I~Pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium- W,see Pr 1E+3 2E+3 9E-7 3E-9 1E-5 1E·4

142 Y, see MOpe - 2E+3 8E·7 3E-9 - .
59 Praseodymium- W, see l.:.ope 9E+2 8E+2 3E·7 1E-9 - .

143 LLl wall · - . 2E·5 2E-4
!1E+3)

y, see l;;sQPr - 7E+2 3E-7 9E-10 - -
59 Praseodymium- W, see -I-Xlpr 3E+4 1E+5 5E-5 2E-7 · -

144' Siwall - - - 6E·4 6E-3
!4E+4)

Y, see l;;H:iPr · 1E+5 5E·5 2E-7 · -
59 Praseodymium- W, see l.JOpr 3E+3 9E+3 4E·6 1E·8 4E·5 4E·4

145 Y,see Pr · 8E+3 3E·6 1E·8 · -
59 Praseodymium- W,see Pr 5E+4 2E+5 8E·5 3E-7 · -

147' Stwall · - - 1E-3 1E-2
18E+4\

Y, see Pr - 2E+5 8E-5 3E-7 - -
60 Neodymium- W, all compounds 1E+4 6E+4 2E-5 8E-8 2E·4 2E-3

136' except those given
lor Y
Y, oxides, · 5E+4 2E-5 8E-8 - -
hydroxides,
carbides, and
fluorides

60 Neodymium- W, see '~Nd 2E+3 6E+3 3E·6 9E-9 3E·5 3E·4
138 Y,see Nd · 5E+3 2E·6 7E-9 · -

60 Neodymium- W,see Nd 5E+3 2E+4 7E·6 2E·8 7E-5 7E-4
139m Y, see '~Nd - 1E+4 6E·6 2E-8 - -

60 Neodymium~ W, see '~Nd 9E+4 3E+5 1E·4 5E-7 1E-3 1E·2
139' Y, see Nd - 3E+5 1E-4 4E-7 - -

60 Neodymium~ W, see '~Nd 2E+5 7E+5 3E·4 1E-6 2E-3 2E·2
141 Y, see '~Nd - 6E+5 3E·4 9E-7 - -

60 Neodymium~ W,see '~Nd 1E+3 9E+2 4E-7 1E-9 - -
147 ~~I W;~I - - . 2E-5 2E·4

1E+3
Y, see '~Nd - 8E+2 4E-7 1E·9 - -

60 Neodymium~ W,see ~Nd 1E+4 3E+4 1E-5 4E·8 1E·4 1E-3
149' Y, see Nd - 2E+4 1E-5 3E·8 - -

60 Neodymium~ W, see '~Nd 7E+4 2E+5 8E-5 3E·7 9E-4 9E-3
151' Y, see '~Nd - 2E+5 8E·5 3E-7 - -

61 Promethium~ W, all compounds 5E+4 2E+5 8E·5 3E-7 - -
141' except those given

forY
Stwall · - - 8E·4 8E-3
(6E+4)

Y, oxides, - 2E+5 7E-5 2E-7 - -
hydroxides,
carbides, and
fluorides

61 Promethium~ W, see 41 pm 5E+3 6E+2 2E-7 8E-1O 7E-5 7E-4

88-7039 (July 2010)
77

RDA 1693



Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No. Oral Inhalation Average

Ingestion DAC Air Water Concan-
ALI(~Ci) (~Cilrnl)

(~Cilrnl) (~Cilrni) t:':tion
Cilml)

143 V, see Pm - 7E+2 3E-7 1E-9 - -
61 Promethium- W, see Pm 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4

144 Y,see Pm - 1E+2 5E-8 2E-10 - -
61 Promethium- W,see Pm 1E+4 2E+2 7E-8 - 1E-4 1E-3

145 - Bone surf - 3E-10 - -
(2E+2)

Y,see Pm - 2E+2 8E-8 3E-10 - -
61 Promethium- W,see Pm 2E+3 5E+1 2E-8 7E-11 2E-5 2E-4

146 Y, see 1< Pm - 4E+1 2E·8 6E-11 - -
61 Prornethium- W,see Pm 4E+3 1E+2 5E-8 - - -

147 LLI wall Bone surf - 3E-10 7E-5 7E·4
(5E+3) (2E+2)

Y, see I' Pm - 1E+2 6E·8 2E-10 - -
61 Promethium- W,see Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E-4

148m
V, see l' Pm - 3E+2 1E-7 5E-1O - -

61 Promethium- W,see Pm 4E+2 5E+2 2E-7 8E-10 - -
148 LLI wall - - - 7E-6 7E-5

(5E+2)
Y, see 1< Pm - 5E+2 2E-7 7E-10 - -

61 Promethium- W,see Pm 1E+3 2E+3 8E-7 3E-9 - -
149 LLI W;;I - - - 2E-5 2E-4

(lE+3
y, see I' Pm - 2E+3 8E-7 2E-9 - -

61 Promethium- W, see Pm 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
150 Y, see Pm - 2E+4 7E-6 2E-8 - -

61 Promethium- W, see q1pm 2E+3 4E+3 1E·6 5E-9 2E-5 2E-4
151 y, see Pm - 3E+3 1E-6 4E-9 - -

62 Samarium- W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
141m'

62 Samarium-141 W, all compounds 5E+4 2E+5 8E-5 2E-7 - -
Stwall - - - 8E-4 8E-3
(6E+4\

62 Samarium-142'" W, all compounds 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3

62 Samarium-145 W, all comoounds 6E+3 5E+2 2E-7 7E-1O 8E-5 8E·4
62 Samarium-146 W, all compounds 1E+1 4E+2 1E-11 - - -

Bone surf Bone surf - 9E-14 3E-7 3E-6
(3E+1 ) (6E-2)

62 Samarium-147 W, all compounds 2E+1 4E-2 2E-11 - - -

Br,ne ~~rf B~;ne surf - 1E-13 4E-7 4E-6
3E+1 7E-2)

62 Samarium~151 W, all compounds 1E+4 1E+2 4E-8 - - -
LLI wall Bone surf - 2E-10 2E-4 2E-3
(1E+4) (2E+2)

62 Samarium-153 W, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall - - - 3E-5 3E-4
!2E+3\

62 Samarium-155 W, all compounds 6E+4 2E+5 9E-5 3E-7 - -
Stwall - - - 1E-3 1E-2
!8E+41

62 Samarium-156 W, all comoounds 5E+3 9E+3 4E-6 1E-8 7E-5 7E-4
63 Europium-145 W, all comoounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
63 Europium-146 W, all comoounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
63 Euro ium-147 W, all comoounds 3E+3 2E+3 7E-7 2E-9 4E-5 4E-4
63 Eurooium-148 W, all compounds 1E+3 4E+2 1E-7 5E-1O 1E-5 1E-4
63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 1E-8 4E-5 4E-4

(12.62 hl
63 Europiurn-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4

(34.2 vI .

63 Euro ium-152m W, all comDounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Euro ium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E-4
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T~~lel Table II Table III
,"" Releases to

'".' va,ues Effluent Concentrations Sewers
Atomic Col.I Col. 2 Col, 3 Col. 1 Col. 2 Monthly

No.
Oral Inhalation Average

Ingestion DAc
Water Concan-
(~CVml) tration

ALI(~Ci) (~CVml) (vCVmlJ
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-iS5 W, all compounds 4E+3 9E+1 4E-8 - 5E-5 5E-4

- Bone surf - 2E-10 - -
(1E+2l

63 Eurooium-iS6 W, all compounds 6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
63 Europium-i5? W, all compounds 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
63 Europium-158,.( W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64 Gadolinium- 0, all compounds 5E+4 2E+5 6E-5 2E-7 - -

145' except those given Stwall - - - 6E-4 6E-3
forW (5E+4)
W, oxides, - 2E+5 7E-5 2E-7 - -
hydroxides, and
fluorides

64 Gadolinium-146 D, see Gd 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4

W,see Gd - 3E+2 lE-7 4E-10 - -
64 Gadolinium-147 0, see ,q:lGd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4

W, see ,- Gd - 4E+3 lE-6 5E-9 - -
64 Gadolinium-148 D, see Gd 1E+1 8E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 3E-7 3E-6
(2E+1) (2E+2)

W,see Gd - 3E-2 1E-11 - - -
- Bone surf - 8E-14 - -

(6E-2)
64 Gadolinium-149 D, see "'°Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4

W,see Gd - 2E+3 1E-6 3E-9 - -
64 Gadolinium-151 D, see Gd 6E+3 4E+2 2E-7 - 9E-5 9E-4

- Bone surf - 9E-10 - -
(6E+2)

W,see Gd - lE+3 5E-7 2E-9 - -
64 Gadolinium-152 D,see Gd 2E+1 lE-2 4E-12 - - -

Bone surf Bone surf - 3E-14 4E-7 4E-6
(3E+1) (2E-2)

W,see Gd - 4E-2 2E-l1 - -
- Bone surf - 1E-13 - -

(8E-2)
64 Gadolinium-153 D, see "'°Gd 5E+3 lE+2 6E-8 - 6E-5 6E-4

- Bone surf - 3E-10 - -
(2E+2)

W, see '"°Gd - 6E+2 2E-7 8E-10 - -
64 Gadolinium-159 D, see "'"Gd 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4

W,see Gd - 6E+3 2E-6 8E-9 - -
65 Terbium-147 W, all compounds 9E+3 3E+4 1E-5 5E-8 1E-4 1E-3
65 Terbium-149 W, all compounds 5E+3 7E+2 3E-7 1E-9 7E-5 7E-4
65 Terbium-150 W, all comoounds 5E+3 2E+4 9E-6 3E-8 7E-5 7E-4
65 Terbium-151 W, all comoounds 4E+3 9E+3 4E-6 lE-8 5E-5 5E-4
65 Terbium-153 W, all comoounds 5E+3 7E+3 3E-6 1E-8 7E-5 7E-4
65 Terbium-154 W, all comoounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-155 W, all compounds 6E+3 8E+3 3E-6 1E-8 8E-5 8E-4
65 Terbium-156m W, all compounds 2E+4 3E+4 1E-5 4E-8 2E-4 2E-3

(5.0 hl
65 Terbium-156m W, all compounds 7E+3 8E+3 3E-6 lE-8 1E-4 1E-3

(24.4 h)
65 Terbium-156 W, all compounds lE+3 1E+3 6E-7 2E-9 1E-5 lE-4
65 Terbium-157 W, all compounds 5E+4 3E+2 1E-7 - - -

LLI wall Bone surf - 8E-1O 7E-4 7E-3
(5E+4) (6E+2)

65 Terbium-158 W, all compounds 1E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-8 3E-10 1E-5 lE-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7E-7 2E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3)

66 Dysprosium- W, all compounds 9E+3 3E+4 lE-5 4E-8 1E-4 lE-3
155

88-7039 (July 2010)
79

RDA 1693



Iabl~ I labia II Iable III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Class
Col. 1 Col. 2 • I Col. 3 Col. 1 Col. 2 Monthly

No. Inhalation Average

Ingestion DAC
Air Water Concen~

(~CUml) (~CUml) tration
ALI (~Cj) (~CUml) IIICi/ml)

66 Dysprosium· W, all compounds 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
157

66 Dysprosium- W, all compounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
159

66 Dysprosium- W, all compounds 1E+4 5E+4 2E-5 6E-8 2E-4 2E-3
165

66 Dysprosium- W, all compounds 6E+2 7E+2 3E-7 1E-9 - -
166 1LI wall - - - 1E-5 1E-4

18E+2\
67 Holmium-155 W, all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3

67 Holmiurn-157L W, all compounds 3E+5 1E+6 6E-4 2E-6 4E-3 4E-2

67 Holmium-159'" W, all compounds 2E+5 1E+6 4E-4 1E-6 3E-3 3E-2

67 Holmium-161 W, all compounds 1E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Holmium- W, all compounds 5E+4 3E+5 1E-4 4E-7 7E-4 7E-3

162m'
67 Holmium-162 W, all compounds 5E+5 2E+6 1E-3 3E-6 - -

Stwall - - - 1E-2 1E-1
(8E+5\

67 Holmium- W, all compounds 1E+5 3E+5 1E-4 4E-7 1E-3 1E-2
164m'

67 Holmium-164" W, all compounds 2E+5 6E+5 3E-4 9E-7 - -
Stwall - - - 3E-3 3E-2
(2E+5)

67 Holmium-166m W, all compounds 6E+2 7E+0 3E-9 9E-12 9E-6 9E-5
67 Holmium-166 W, all compounds 9E+2 2E+3 7E-7 2E-9 - -

LLI wall - - - 1E-5 1E-4
/9E+2\

67 Holmium-i67 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all compounds 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-165 W, all compounds 6E+4 2E+5 8E-5 3E-7 9E-4 9E-3
68 Erbium-169 W, all compounds 3E+3 3E+3 1E-6 4E-9 - -

LLi wall - - - 5E-5 5E-4
(4E+3\

68 Erbium-171 W, all comDounds 4E+3 1E+4 4E-6 1E-8 5E-5 5E-4
68 Erbium-172 W, all compounds 1E+3 1E+3 6E-7 2E-9 - -

LLI wall - - - 2E-5 2E-4
(lE+3\

69 Thuiium-162 W, all compounds 7E+4 3E+5 1E-4 4E-7 - -
Stwall - - - 1E-3 1E-2
(7E+4\

69 Thuiium-166 W, all comoounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4
69 Thuiium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3\

69 Thuiium-170 W, all compounds 8E+2 2E+2 9E-8 3E-10 - -
LLi wall - - - 1E-5 1E-4
(lE+3\

69 Thuiium-171 W, all compounds 1E+4 3E+2 1E-7 - - -
~~I W:~I B?Ene S2~rf - 8E-10 2E-4 2E-3
1E+4 6E+2

69 Thuiium-172 W, all compounds 7E+2 1E+3 5E-7 2E-9 - -
LLi wall - - - 1E-5 1E-4
(8E+2)

69 Thuiium-173 W, all comoounds 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
69 Thulium-175 W, all compounds 7E+4 3E+5 1E-4 4E-7 - -

Slwall - - - 1E-3 1E-2
(9E+4\

70 Ytterbium-162 W, all compounds 7E+4 3E+5 1E-4 4E-7 1E-3 1E-2
except those given
(orY
Y, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides, and
fluorides

70 Ytlerbium-166 W,see Yb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
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Table,l Value~ Table II
Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide CoD Col.2?I<Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation
Air

Avefilge

Ingestion DAC
Water Concen-

A~I (~Ci)
ALI(~Ci)

(~CUrnl) '" "I (~CUml) IretiO~)
(/lCilml

Y, see Yb - 2E+3 BE-7 3E-9 - -

70 Ytterbium-i6? W, see lbLYb 3E+5 BE+5 3E-4 1E-6 4E-3 4E-2

Y, see '''"Vb - 7E+5 3E-4 1E-6 - -
70 Ytterbium-169 W, see Yb 2E+3 BE+2 4E-7 1E-9 2E-5 2E-4

Y, see lOLYO - 7E+2 3E-7 1E-9 - -
70 Ytterbium-175 W, see '''"Vb 3E+3 4E+3 1E-6 5E-9 - -

LLI wall - - - 4E-5 4E-4
(3E+3)

Y, see '''Vb - 3E+3 1E-6 5E-9 - -
70 Ytterbium-1n" W, see '''"Vb 2E+4 5E+4 2E-5 7E-B 2E-4 2E-3

Y, see Yb - 5E+4 2E-5 6E-B - -
70 Ytterbium-17B" W,see Yb 1E+4 4E+4 2E-5 6E-B 2E-4 2E-3

Y, see '''"Vb - 4E+4 2E-5 5E-B - -

71 Lutetium-169 W, all compounds 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4
except those given
lorY
Y, oxides, - 4E+3 2E-6 6E-9 - -
hydroxides, and
fluorides

71 Lutetium-170 W,see Lu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4
Y, see lb'::lLu - 2E+3 BE-7 3E-9 - -

71 Lutetium-171 W, see IO'::ILu 2E+3 2E+3 BE-7 3E-9 3E-5 3E-4

Y, see Lu - 2E+3 BE-7 3E-9 - -
71 Lutetium-172 W, see H>'::ILu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4

Y, see l"O'::ILu - 1E+3 5E-7 2E-9 - -

71 Lutetium-173 W, see Lu 5E+3 3E+2 1E-7 - 7E-5 7E-4
- B~ne ~~rf - 6E-1O - -

5E+2
Y, see IO~Lu - 3E+2 lE-7 4E-10 - -

71 Lutetium-174m W,see Lu 2E+3 2E+2 lE-7 - - -
LLI wall B~,ne ~~rf - 5E-10 4E-5 4E-4
13E+3) 3E+2

Y, see Lu - 2E+2 9E-B 3E-10 - -
71 Lulelium-174 W, see lb'olLu 5E+3 1E+2 5E-B - 7E-5 7E-4

- Bone surf - 3E-10 - -
12E+21

Y, see Lu - 2E+2 6E-B 2E-10 - -
71 Lutetium-176m W, see lb':lLu BE+3 3E+4 lE-5 3E-B 1E-4 1E-3

Y, see lO':1Lu - 2E+4 9E-6 3E-B - -
71 Lulelium-176 W, see Lu 7E+2 5E+O 2E-9 - 1E-5 1E-4

- Bone surf - 2E-11 - -
(1E+1\

Y, see IO'::lLu - BE+O 3E-9 1E-11 - -

71 Lutetium-177m W,see Lu 7E+2 1E+2 5E-B - 1E-5 1E-4
- Bone surf - 2E-10 - -

(1E+2)
Y, see 'O'::lLu - BE+1 3E-B 1E-10 - -

71 Lutetium·177 W, see tO~Lu 2E+3 2E+3 9E-7 3E-9 - -
LLI W~;i - - - 4E-5 4E-4
(3E+3

Y, see IO::ILu - 2E+3 9E-7 3E-9 - -
71 Lutetium-178m'" W,see Lu 5E+4 2E+5 BE-5 3E-7 - -

Sl.wall - - - BE-4 BE-3
(6E+4)

Y, see "Lu - 2E+5 7E-5 2E-7 - -
71 Lutetium-178"" W,see Lu 4E+4 1E+5 5E-5 2E-7 - -

Slwall - - - 6E-4 6E-3
(4E+4)

Y,see Lu - 1E+5 5E-5 2E-7 - -
71 Lutetium-179 W, see lb'jLu 6E+3 2E+4 BE-6 3E-B 9E-5 9E-4

Y, see IO::I Lu - 2E+4 6E-6 3E-B - -
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Table I Table II Table III
Releases toI Values Effluent Concentrations Sewers

Atomic Radionuclide CO/.1 Col. 2 Col. 3 Col. 1 Col. 2 Mon/hly
No.

Oral Inhalation Av.erage
Ingestion DAC

Waler Concen~

ALI (~Ci) (~CUl)1I)
(~CUmi) (~~fiO':1lCVml

72 Hafnium-170 0, all compounds 3E+3 6E+3 2E-6 8E-9 4E-5 4E-4
except those given
forW
W, oxides, - 5E+3 2E-6 6E-9 - -
hydroxides,
carbides, and
nitrates

72 Hafnium-172 D, see Hf lE+3 9E+O 4E-9 - 2E-5 2E-4
- Bone surf - 3E-11 - -

(2E+l)
W. see "uHf - 4E+1 2E-8 - - -

- Bone surf - 8E-11 - -
(6E+l)

72 Hafnium-173 D. see lfuHf 5E+3 lE+4 5E-6 2E-8 7E-5 7E-4

W. see "uHf - lE+4 5E-6 2E-8 - -
72 Hafnium-175 D,see Hf 3E+3 9E+2 4E-7 - 4E-5 4E-4

- B7,ne s,~rf - 1E-9 - -
1E+3

W. see "uHf - lE+3 5E-7 2E-9 - -
72 Hafnium-177m 0, see Hf 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3

W. see "uHf - 9E+4 4E-5 lE-7 - -
72 Hafnium-178m D. see H< Hf 3E+2 lE+O 5E-1O - 3E-6 3E-5

- Bge Sl~rf - 3E-12 - -
2E+O

W. see "uHf - 5E+O 2E-9 - - -
- Bone surf - 1E-l1 - -

19E+O)
72 Hafnium-179m D. see "uHf lE+3 3E+2 1E-7 - lE-5 lE-4

- B7,ne ;~rf - 8E-l0 - -
6E+2

W,see Hf - 6E+2 3E-7 8E-1O - -
72 Hafnium-180m D. see (UHf 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3

W, see lfUHf - 3E+4 lE-5 4E-8 - -

72 Hafnium-181 D,see HI lE+3 2E+2 7E-8 - 2E-5 2E-4
- Bone ~~rf - 6E-1O - -

(4E+2
W, see llUHf - 4E+2 2E-7 6E-1O - -

72 Hafnium-182m D,see Hf 4E+4 9E+4 4E-5 1E-7 5E-4 5E-3
W. see lfuHf - lE+5 6E-5 2E-7 - -

72 Hafnium-182 D. see (UHf 2E+2 8E-l 3E-1O - -
Bone surf B~ne ~~rf - 2E-12 5E-6 5E-5

14E+2) 2E+O
W. see "uHf - 3E+O lE-9 - - -

- B~ne s,~rf - 1E-ll - -
7E+O

72 Hafnium-183 0, see Hf 2E+4 5E+4 2E-5 6E-8 3E-4 3E-3

W. see "uHf - 6E+4 2E-5 8E-8 - -

72 Hafnium-184 D, see (UHf 2E+3 8E+3 3E-6 lE-8 3E-5 3E-4

W, see Hf - 6E+3 3E-6 9E-9 - -
73 Tantalum-172 W, all compounds 4E+4 lE+5 5E-5 2E-7 5E-4 5E-3

except those given
lorY
Y, elemental Ta, - lE+5 4E-5 1E-7 - -
oxides, hydroxides,
halides, carbides,
nitrates, and
nitrides

73 Tantalum-173 W,see Ta 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4

Y,see 1 uTa - 2E+4 7E-6 2E-8 - -
73 Tantalum-174' W, see ILTa 3E+4 lE+5 4E-5 lE-7 4E-4 4E-3

Y,see Ta - 9E+4 4E-5 1E-7 - -
73 Tantalum-175 W, see 1I2Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
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Tabla.! Val~ea Table Ii Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 .1 Co/.3 Col. 1 Col. 2 Monlh/y
No.

Oral Inhalation Average

Ingestion DAC
Air Water Concen~

(~CUml) (~cUml) tration
ALI (~Ci) (~CUml) lpCi/ml)

Y, see 1(
ZTa - 1E+4 6E-6 2E-B - -

73 Tanlalum-176 W, see ILTa 4E+3 1E+4 SE-6 2E-B SE-S SE-4

Y,see Ta - 1E+4 SE-6 2E-B - -
73 Tanlalum-177 W,see Ta 1E+4 2E+4 BE-6 3E-B 2E-4 2E-3

Y, see HLTa - 2E+4 7E-6 2E-B - -
73 Tantalum-178 W, see I'<:Ta 2E+4 9E+4 4E-S lE-7 2E-4 2E-3

Y, see Ta - 7E+4 3E-S lE-7 - -
73 Tantalum-179 W,see (LTa 2E+4 SE+3 2E-6 BE-9 3E-4 3E-3

y, see II<:Ta - 9E+2 4E-7 lE-9 - -
73 Tantalum-180m W,see Ta 2E+4 7E+4 3E-S 9E-B 3E-4 3E-3

V, see lUTa - 6E+4 2E-S BE-B - -

73 Tantalum-1BO W, see ILTa lE+3 4E+2 2E-7 6E-1O 2E-S 2E-4

V,· see Ta - 2E+1 1E-B 3E-11 - -
73 Tantalum- W, see "~Ta 2E+S SE+S 2E-4 BE-7 - -

1B2m2 Siwall - - - 3E-3 3E-2
(2E+S)

Y, see Ta - 4E+S 2E-4 6E-7 - -
73 Tantalum-1B2 W, see uTa BE+2 3E+2 1E-7 SE-1O 1E-S 1E-4

Y, see I/LTa - lE+2 6E-B 2E-10 - -
73 Tantalum-1B3 W, see rt:Ta 9E+2 1E+3 SE-7 2E-9 - -

Lli wall - - - 2E-S 2E-4
(1 E+3)

Y, see '/LTa - 1E+3 4E-7 1E-9 - -
73 Tantalum-1B4 W,see Ta 2E+3 SE+3 2E-6 BE-9 3E-S 3E-4

Y,see Ta - SE+3 2E-6 7E-9 - -
73 Tanlalum-1BS' W, see llZTa 3E+4 7E+4 3E-S 1E-7 4E-4 4E-3

Y, see IILTa - 6E+4 3E-S 9E-B - -
73 Tantalum-1B6< W,see Ta SE+4 2E+S 1E-4 3E-7 - -

Stwall - - - 1E-3 1E-2
(7E+4)

Y, see IILTa - 2E+S 9E-S 3E-7 - -
74 Tungaten-176 0, all compounds 1E+4 SE+4 2E-S 7E-B 1E-4 1E-3
74 Tungsten-i77 D t all com ounds 2E+4 9E+4 4E-S 1E-7 3E-4 3E-3
74 TunQsten-178 0, all compounds SE+3 2E+4 BE-6 3E-B 7E-S 7E-4
74 Tungsten-179L 0, all compounds SE+S 2E+6 7E-4 2E-6 7E-3 7E-2

74 Tungalen-1Bl D, all comnounds 2E+4 3E+4 lE-S SE-B 2E-4 2E-3
74 Tungalen-1BS 0, all compounds 2E+3 7E+3 3E-6 9E-9 - -

Lli wall - - - 4E-S 4E-4
(3E+3)

74 Tungsten-i8? 0, all compounds 2E+3 9E+3 4E-6 lE-B 3E-S 3E-4
74 Tungaten-1BB 0, all compounds 4E+2 lE+3 SE-7 2E-9 - -

~~I W~~I - - - 7E-6 7E-S
SE+2

7S Rhenium~177? D, all compounds 9E+4 3E+S 1E-4 4E-7 - -
except those given Stwall - - - 2E-3 2E-2
forW (1E+S)
W, oxides, - 4E+S 1E-4 SE-7 - -
hydroxides, and
nitrates

7S Rhenium-17B' D, see IIIRe 7E+4 3E+S 1E-4 4E-7 - -
Stwall - - - 1E-3 1E-2
(1E+S)

W, see 1/'Re - 3E+S 1E-4 4E-7 - -

7S Rhenium-181 0, see IIIRe SE+3 9E+3 4E-6 lE-B 7E-S 7E-4

W,see Re - 9E+3 4E-6 lE-B - -
7S Rhenjum~182 0, see Re 7E+3 lE+4 SE-6 2E-B 9E-S 9E-4

(12.7 h) W, see lfl Re - 2E+4 6E-6 2E-B - -
7S Rhenium·182 D, see litRe 1E+3 2E+3 1E-6 3E-9 2E-S 2E-4

(64.0 h) W,see Re - 2E+3 9E-7 3E-9 - -

7S Rhenium-184m 0, see lURe 2E+3 3E+3 1E-6 4E-9 3E-S 3E-4
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Class Col.J Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Water ConcBn~

(~CVml) (~CVml) tration
ALI (~Ci) (~c:Vml) (pCilmlJ

W,see Re - 4E+2 2E-7 6E-10 - -

75 .
Rhenium-184 0, see Re 2E+3 4E+3 1E-6 5E-9 3E-5 3E-4

W, see Re - 1E+3 6E-7 2E-9 - -
75 Rhenium~186m 0, see 1/, Re 1E+3 2E+3 7E-7 - - -

Stwall Stwall - 3E-9 2E-5 2E-4
(2E+3) (2E+3)

W,see Re - 2E+2 6E-8 2E-10 - -
75 Rhenium-i86 D,see Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4

W,see Re - 2E+3 7E-7 2E-9 - -
75 Rhenium~187 D, see Re 6E+5 8E+5 4E-4 - 8E-3 8E-2

- Stwall - 1E-6 - -
(9E+5)

W, see Re - 1E+5 4E-5 1E-7 - -
75 Rhenium~ D, see Re 8E+4 1E+5 6E-5 2E-7 1E-3 1E-2

188m' W,see Re - 1E+5 6E-5 2E-7 - -
75 Rhenium-i88 D,see Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4

W,see Re - 3E+3 1E-6 4E-9 - -
75 Rhenium-189 0, see Re 3E+3 5E+3 2E-6 7E-9 4E-5 4E-4

W,see Re - 4E+3 2E-6 6E-9 - -
76 Osmium-180' 0, all compounds 1E+5 4E+5 2E-4 5E-7 1E-3 1E-2

except those given
forW and Y
W, halides and - 5E+5 2E-4 7E-7 - -
nitrates
Y, oxides and - 5E+5 2E-4 6E-7 - -
hYdroxides

76 Osmjum-181~ 0, see 11:)005 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see ovOs - 5E+4 2E-5 6E-8 - -
Y, see Os - 4E+4 2E-5 6E-8 - -

76 Osmium-182 0, see 10005 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W,see ClUes - 4E+3 2E-6 6E-9 - -
y, see Os - 4E+3 2E-6 6E-9 - -

76 Osmium-i85 0, see 10005 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4
W, see lOUOS - 8E+2 3E-7 1E-9 - -
Y,see Os - 8E+2 3E-7 1E-9 - -

76 Osmium-189m 0, see H:RJOS 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, see lOVOS - 2E+5 9E-5 3E-7 - -

Y, see Os - 2E+5 7E-5 2E-7 - -
76 Osmium-191m 0, see Os 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3

W, see 10005 - 2E+4 8E-6 3E-8 - -
Y, see 1W05 - 2E+4 7E-6 2E-8 - -

76 Osmium-191 D,see Os 2E+3 2E+3 9E-7 3E-9 - -
LLI wall - - - 3E-5 3E-4
(3E+3)

W, see lOOOS - 2E+3 7E-7 2E-9 - -

Y,see Os - 1E+3 6E-7 2E-9 - -
76 Osmium·193 D, see Os 2E+3 5E+3 2E-6 6E-9 - -

~~Iwall - - - 2E-5 2E-4
2E+3)

W,see Os - 3E+3 1E-6 4E-9 - -
Y, see Os - 3E+3 1E-6 4E-9 -

76 Osmium-194 0, see 1000S 4E+2 4E+1 2E-8 6E-11 - -

~~I W~~I - - - 8E-6 8E-5
6E+2

W, see 1000S - 6E+1 2E-8 8E-11 - -
Y, see H::IUOS - 8E+O 3E-9 1E-11 - -

77 Iridium-182'! 0, all compounds 4E+4 1E+5 6E-5 2E-7 - -
except those given Stwall - - - 6E-4 6E-3
forWand Y (4E+4)
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T~~le'IV~lues •
T~ble II

T~ble III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

OI~1
Inhalation Average

Ingestion DAC
Air W~tel Concon-

ALIWCi) (~CUml)
(~CUml) (~CUml) Italian

(/lCi/ml)
W, halides, - 2E+5 6E-5 2E-7 - -
nitrates, and
metallic iridium
y, oxides and - lE+5 5E-5 2E-7 - -
hvdroxides

77 Iridium-184 0, see lOLlr 8E+3 2E+4 1E-5 3E-8 lE-4 1E-3

W, see IO'::'r - 3E+4 1E-5 5E-8 - -
Y, see II - 3E+4 1E-5 4E-8 - -

77 Iridium-185 0, see HU'r 5E+3 lE+4 5E-6 2E-8 7E-5 7E-4

W, see IOL'r - 1E+4 5E-6 2E-8 - -
y, see II - lE+4 4E-6 1E-8 - -

77 Iridium-186 0, see I, 2E+3 8E+3 3E-6 lE-8 3E-5 3E-4
W, see lOL lr - 6E+3 3E-6 9E-9 - -
V,see IOLlr - 6E+3 2E-6 8E-9 - -

77 Iridium-i8? 0, see II 1E+4 3E+4 1E-5 5E-8 lE-4 1E-3

W,see I' - 3E+4 1E-5 4E-8 - -
y, see IOLlr - 3E+4 1E-5 4E-8 - -

77 Iridium-i88 D, see I, 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4

W, see II - 4E+3 1E-6 5E-9 - -
Y, see HUlf - 3E+3 1E-6 5E-9 - -

77 Iridium-189 0, see I, 5E+3 5E+3 2E-6 7E-9 - -
LLI w~1I - - - 7E-5 7E-4
(5E+3)

W, see WL'r - 4E+3 2E-6 5E-9 - -
Y,see Ir - 4E+3 1E-6 5E-9 - -

77 Iridium-190m 0, see II 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2

W,see'tlLlr - 2E+5 9E-5 3E-7 - -
Y, see IO":lr - 2E+5 8E-5 3E-7 - -

77 Ilidium-190 0, see Ir 1E+3 9E+2 4E-7 1E-9 lE-5 1E-4
W, see lOLlr - 1E+3 4E-7 1E-9 - -

Y, see IO':'r - 9E+2 4E-7 1E-9 - -
77 Iridium-192m 0, see Ir 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4

W, see lOL lr - 2E+2 9E-8 3E-1O - -
V, see lOLlr - 2E+l 6E-9 2E-11 - -

77 Iridium-192 0, see tlL lr 9E+2 3E+2 1E-7 4E-10 1E-5 1E-4

W,see I' - 4E+2 2E-7 6E-1O - -
Y, see lOLlr - 2E+2 9E-8 3E-1O - -

77 Iridium-194m 0, see lOLlr 6E+2 9E+1 4E-8 1E-1O 9E-6 9E-5

W, see o'::lr - 2E+2 7E-8 2E-l0 - -
Y,see Ir - lE+2 4E-8 1E-l0 - -

77 Iridium-194 D, see ltlLlr lE+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see IOLlr - 2E+3 9E-7 3E-9 - -
Y,see Ir - 2E+3 8E-7 3E-9 - -

77 Iridium-195m D, see ltl<!lr 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see IOLlr - 3E+4 1E-5 4E-8 - -

Y,see Ir - 2E+4 9E-6 3E-8 - -

77 Iridium-195 D, see Ir 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see IOLlr - 5E+4 2E-5 7E-8 - -
Y, see IOLlr - 4E+4 2E-5 6E-8 - -

78 Platinum-186 D, all comoounds lE+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 PI~linum-188 D, all comoounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Plalinum-189 D, all compounds lE+4 3E+4 1E-5 4E-8 1E-4 1E-3
78 Platinum-191 D, all compounds 4E+3 8E+3 4E-6 1E-8 5E-5 5E-4
78 Platinum~193m D, all compounds 3E+3 6E+3 3E-6 8E-9 - -

LLI w~1I - - - 4E-5 4E-4
(3E+4)

78 Platinum-193 D, all compounds 4E+4 2E+4 1E-5 3E-8 - -
LLI w~1I - - - 6E-4 6E-3
(5E+4)
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Table I Table"
Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide
Col. 1 Col. 2 Col. 3 Col.! Col_ 2 Monthly

No_
Oral Inhalation Average

Ingestion OAC
Air Waler Concen-

(~CVml) (~CVml) tralion
ALI(~Ci) (~CVml) (pCilmQ

78 Platinum-195m 0, all compounds 2E+3 4E+3 2E-6 6E-9 - -
LLI wall - - - 3E-5 3E-4
12E+3)

78 Platinum- 0, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

197m
2

78 Plalinum-197 0, all comoQunds 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4

78 Platinum-199 0, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

78 Platinum-200 0, all compounds 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4

79 Gold-193 0, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
except those given
forW and Y
W, halides and - 2E+4 9E-6 3E-8 - -
nitrates
Y, oxides and - 2E+4 8E-6 3E-8 - -
hvdroxides

79 Gold-194 0, see 19JAu 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4

W, see l~Au - 5E+3 2E-6 8E-9 - -
Y, see Au - 5E+3 2E-6 7E-9 - -

79 Gold-195 0, see Au 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4

W, see HJ.;lAu - 1E+3 6E-7 2E-9 - -
Y,see'tlJAu - 4E+2 2E-7 6E-10 - -

79 Gold-198m D, see Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4

W, see 19JAu - 1E+3 5E-7 2E-9 - -
y, see 1tljAu - 1E+3 5E-7 2E-9 - -

79 Gold-198 D,see Au 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4

W,see Au - 2E+3 8E-7 3E-9 - -
Y, see 19JAu - 2E+3 7E-7 2E-9 - -

79 Gold-199 D, see Au 3E+3 9E+3 4E-6 1E-8 - -
LLI wall - - - 4E-5 4E-4
(3E+3)

W, see ltlJAu - 4E+3 2E-6 6E-9 - -

Y, see'tl'Au - 4E+3 2E-6 5E-9 - -
79 Gold-200m 0, see Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4

W, see l~Au - 3E+3 1E-6 4E-9 - -
Y, see 11;1,jAu - 2E+4 1E-6 3E-9 - -

79 Gold-200' D,see Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3

W,see Au - 8E+4 3E-5 1E-7 - -
Y, see ll:MAu - 7E+4 3E-5 1E-7 - -

79 Gold-201' D, see Au 7E+4 2E+5 9E-5 3E-7 - -
Stwall - - - 1E-3 1E-2
(9E+4)

W, see l':!,jAu - 2E+5 1E-4 3E-7 - -
y, see Au - 2E+5 9E-5 3E-7 - -

80 Mercury-193m Vapor - 8E+3 4E-6 1E-8 - -
Oraanic 0 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
0, sulfates 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, oxides, - 8E+3 3E-6 1E-8 - -
hydroxides,
halides, nitrates,
and sulfides

80 Mercury-193 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
D, see ,"~mHn 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W,see Hg - 4E+4 2E-5 6E-8 - -
80 Mercury-194 Vaoor - 3E+1 1E-8 4E-11 - -

Oraanic 0 2E+1 3E+1 1E-8 4E-11 2E-7 2E-6
D, see wJmHo 8E+2 4E+1 2E-8 6E-11 1E-5 1E-4

W, see HlsmHg - 1E+2 5E-8 2E-10 - -
80 Mercury-195m Vanor - 4E+3 2E-6 6E-9 - -

Organic 0 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
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Tablal Val~es
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC Water Concen-:

ALI (~Ci) (~CUml)
(~CUml) ·l~i.tionCilml)

0, see Ho 2E+3 SE+3 2E-6 7E-9 3E-S 3E-4
W,see '~Hg - 4E+3 2E-6 SE-9 - -

80 Mercury-19S Vapor - 3E+4 1E-S 4E-8 - -
Organic 0 2E+4 SE+4 2E-S 6E-8 2E-4 2E-3
D, see Hg 1E+4 4E+4 1E-S SE-8 2E-4 2E-3
W,see '~Hg - 3E+4 1E-S SE-8 - -

80 Mercuryw197m Vapor - SE+3 2E-6 7E-9 - -
Organic 0 4E+3 9E+3 4E-6 1E-8 SE-S SE-4
0, see '"~"Hg 3E+3 7E+3 3E-6 1E-8 4E-S 4E-4
W,see Hg - SE+3 2E-6 7E-9 - -

80 Mercury~197 Vapor - 8E+3 4E-6 lE-8 - -
OrQanic 0 7E+3 1E+4 6E-6 2E-8 9E-S 9E-4
0, see '"~"Hg 6E+3 1E+4 SE-6 2E-8 8E-S 8E-4
W,see ~"Ho - 9E+3 4E-6 1E-8 - -

80 Mercury-199m< VaDor - 8E+4 3E-S 1E-7 - -
Organic 0 6E+4 2E+S 7E-S 2E-7 - -

Stwall - - - 1E-3 1E-2
(1E+S)

0, see '"~''Ho 6E+4 1E+S 6E-S 2E-7 8E-4 8E-3

W,see mHo - 2E+S 7E-S 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 lE-9 - -

Organic 0 SE+2 8E+2 3E-7 lE-9 7E-6 7E-S
0, see '"~"Hg 2E+3 1E+3 SE-7 2E-9 3E-S 3E-4
W, see ,,,,,mHg - 1E+3 SE-7 2E-9 - -

81 Thaliium-194m< 0, all compounds SE+4 2E+S 6E-S 2E-7 - -
Stwall - - - 1E-3 1E-2
(7E+4)

81 Thaliium-194" 0, all compounds 3E+S 6E+S 2E-4 8E-7 - -
Siwall - - - 4E-3 4E-2
(3E+S)

81 Thallium-19S" 0, all compounds 6E+4 1E+S SE-S 2E-7 9E-4 9E-3
81 Thallium w 197 0, all compounds 7E+4 1E+S SE-S 2E-7 1E-3 1E-2
81 Thaliium-198m 0, all compounds 3E+4 SE+4 2E-S 8E-8 4E-4 4E-3
81 Thaliium-198 0, all compounds 2E+4 3E+4 1E-S SE-8 3E-4 3E-3
81 Thallium w 199 D, all compounds 6E+4 8E+4 4E-S 1E-7 9E-4 9E-3
81 Thaliium-200 0, all compounds 8E+3 1E+4 SE-6 2E-8 1E-4 1E-3
81 Thallium-20l 0, all comoounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thallium-202 0, all compounds 4E+3 SE+3 2E-6 7E-9 SE-S SE-4
81 Thaliium-204 0, all comoounds 2E+3 2E+3 9E-7 3E-9 2E-S 2E-4
82 Lead-19Sm 0, all compounds 6E+4 2E+S 8E-S 3E-7 8E-4 8E-3
82 Lead-198 0, all compounds 3E+4 6E+4 3E-S 9E-8 4E-4 4E-3
82 Lead-199" D, all compounds 2E+4 7E+4 3E-S 1E-7 3E-4 3E-3
82 Lead-200 0, all compounds 3E+3 6E+3 3E-6 9E-9 4E-S 4E-4
82 Lead-20l 0, all compounds 7E+3 2E+4 8E-6 3E-8 1E-4 lE-3
82 Lead-202m 0, all comoounds 9E+3 3E+4 lE-S 4E-8 1E-4 lE-3
82 Lead-202 0, all cornoounds lE+2 SE+1 2E-8 7E-l1 2E-6 2E-S
82 Lead-203 0, all comoounds 5E+3 9E+3 4E-6 1E-8 7E-5 7E-4
82 Lead-205 D, all com Qunds 4E+3 lE+3 6E-7 2E-9 SE-5 5E-4
82 Lead-209 0, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
82 Lead-2l0 0, all compounds 6E-1 2E-l lE-10 - - -

Bone surf Bone surf - 6E-13 1E-8 1E-7
(1E+0) (4E-l )

. 82 Lead-2l1< 0, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3
82 Lead-2l2 0, all compounds 8E+l 3E+1 lE-8 5E-1l - -

Bone surf - - - 2E-6 2E-5
(lE+2)

82 Lead-2l4< 0, all compounds 9E+3 8E+2 3E-7 lE-9 1E-4 lE-3
83 Bismulh-200 0, nitrates 3E+4 8E+4 4E-5 lE-7 4E-4 4E-3

W, all other - lE+5 4E-5 lE-7 - -
compounds

83 Bismuth-20l" 0, see ,,:uvBi lE+4 3E+4 1E-5 4E-8 2E-4 2E-3

88-7039 (JUly 2010)
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Table II Table III

.." c.';
II'Values Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monthly

No.
Oral

Inhalation Average

Ingestion DAC
Water Concen~

(~CUml) tration
ALI(~Ci) (~CUml) (uCilmlj

W, see LWBj - 4E+4 2E-5 5E-8 - -
83 Bismuth-202" D,see,<wSi 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W,see Bi - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, see LWSi 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4

W,seeLUl. Si - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, see Bi 1E+3 3E+3 1E-6 3E-9 2E-5 2E-4

W,see 2wSi - 1E+3 5E-7 2E-9 - -
83 Bismuth-206 D, see LuuSi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W, see LIA Si - 9E+2 4E-7 1E-9 - -
83 Bismuth·207 D,see Bi 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4

W,seeLwSi - 4E+2 1E-7 5E-1O - -
83 Bismuth-210m D, see LWSi 4E+1 5E+0 2E-9 - - -

Kidneys Kidneys - 9E-12 8E-7 8E-6
(6E+1 ) (6E+0)

W,seeLwSi - 7E-1 3E-10 9E-13 - -
83 Bismuth-210 D, see LWSi 8E+2 2E+2 1E-7 - 1E-5 1E-4

- Kidneys - 5E-10 - -
(4E+2)

W, see 200Si - 3E+1 1E-8 4E-11 - -
83 Bismuth-212'! D, see LWSi 5E+3 2E+2 1E-7 3E-10 7E-5 7E-4

W,see Bi - 3E+2 1E-7 4E-10 - -

83 Bismuth-213 D,see Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3

W, see LWSi - 4E+2 1E-7 5E-1O - -
83 Bismuth-214" D, see.N\ Bi 2E+4 8E+2 3E-7 1E-9 - -

8twall - - - 3E-4 3E-3
(2E+4)

W,seeLwSi - 9E-2 4E-7 1E-9 - -

84 Polonium-203L 0, all compounds 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3
except those given
forW
W, oxides, - 9E+4 4E-5 1E-7 - -
hydroxides, and
nitrates

84 Polonium-20SL D, see zU"Po 2E+4 4E+4 2E-5 5E-8 3E-4 3E-3

W, see Po - 7E+4 3E-5 1E-7 - -
84 Polonium-207 D, see Po 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3

W, see LWpO - 3E+4 1E-5 4E-8 - -
84 PoJonium-210 D, see LU"pO 3E+0 6E-1 3E-10 9E-13 4E-8 4E-7

W, see Po - 6E-1 3E-10 9E-13 - -
85 Astatine-207 D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4

W - 2E+3 9E-7 3E-9 - -
85 Astatine-211 D, halides 1E+2 8E+1 3E-8 1E-10 2E-6 2E-5

W - 5E+1 2E-8 8E-11 - -
86 Radon-220 With daughters - 2E+4 7E-6 2E-8 - -

removed
With daughters - 2E+1 9E-9 3E-11 - -
present {or 12 (or 1.0

working working
level!':) level)

months

86 Radon-222 With daughters - 1E+4 4E-6 1E-8 - -
removed
With daughters - 1E+2 3E-8 1E-10 - -
present (or 4 (or 0.33

working working
level

S
\ level)

months

87 Francium-222:l D, all compounds 2E+3 5E+2 2E-7 6E-10 3E-5 3E-4

87 Francium-223 t.: 0, all compounds 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5

88 Radium-223 W, all compounds 5E+O 7E-1 3E-10 9E-13 - -
B?<ne surf - - - 1E-7 1E-6

9E+O)

88-7039 (July 2010)
88

RDA 1693



Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col.I Col.2>'·.·.·COI.3 Col. I Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion CAC
Water Concen.,
(~CVml) iralian

A~I (~Ci) (~CVml) (IlCVml)
88 Radium-224 W, all compounds 8E+0 2E+0 7E-1O 2E-12 - -

Bone surf - - - 2E-7 2E-6
(2E+1 )

88 Radium-225 W, all compounds 8E+0 7E-1 3E-10 9E-13 - -
Bone surf - - - 2E-7 2E-6

(2E+1)
88 Radium-226 W, all compounds 2E+0 6E-1 3E-10 9E-13 - -

Bone surf - - - 6E-8 6E-7
(5E+0)

88 Radium-227< W, all compounds 2E+4 1E+4 6E-6 - - -
Bone surf Bone surf - 3E-8 3E-4 3E-3

(2E+4) (2E+4)
88 Radium-228 W, all compounds 2E+0 1E+0 5E-1O 2E-12 - -

Bone surf - - - 6E-8 6E-7
14E+Q)

89 Actinium~224 0, all compounds 2E+3 3E+1 1E-8 - - -
except those given LLI wall Bone surf - 5E-11 3E-5 3E-4
10rW and Y (2E+3) (4E+1\
W, halides and - 5E+1 2E-8 7E-11 - -
nitrates
Y, oxides and - 5E+1 2E-8 6E-11 - -
hYdroxides

89 Actinium~225 0, see LL' Ac 5E+1 3E-1 1E-10 - - -
LLI wall Bone surf - 7E-13 7E-7 7E-6
15E+1\ 15E-1\

W, see u4Ac - 6E-1 3E-10 9E-13 -
Y, see U'IAc - 6E-1 3E-10 9E-13 - -

89 Actinium-226 0, see LL~Ac 1E+2 3E+0 1E-9 - - -
~~I W~~I Br,ne SD~rf - 5E-12 2E-6 2E-5

1E+2 4E+0
W, see U4Ac - 5E+0 2E-9 7E-12 - -

Y, see Uo'lAc - 5E+0 2E-9 6E-12 - -

89 Actinium-227 D,see Ac 2E-1 4E-4 2E-13 - - -
Bone surf Bone surf - 1E-15 5E-9 5E-8

(4E-1l 18E-4\
W, see U.~Ac - 2E-3 7E-13 - - -

- Bone ~~rf - 4E-15 - -
(3E-3

Y, see u"Ac - 4E-3 2E-12 6E-15 - -
89 Actinium-228 0, see .uo"lAc 2E+3 9E+0 4E-9 - 3E-5 3E-4

- Bone surf - 2E-11 - -
(2E+1)

W, see LL"IAc - 4E+1 2E-8 - - -
- B~ne surf - 8E-11 - -

8E+1l
Y, see LL4Ac - 4E+1 2E-8 6E-11 - -

90 Thorium~226L W, all compounds 5E+3 2E+2 6E-8 2E-10 - -
except those given

~' wa;~
- - - 7E-5 7E-4

lor Y 5E+3
Y, oxides and - 1E+2 6E-8 2E-10 - -
hvdroxides

90 Thorium~227 W, see ""'Th 1E+2 3E-1 1E-10 5E-13 2E-6 2E-5

Y, see u"Th - 3E-1 1E-10 5E-13 - -
90 Thorium~228 W, see 'Th 6E+0 1E-2 4E-12 - - -

Bone surf Bone surf - 3E-14 2E-7 2E-6
(1 E+1) (2E-2)

Y, see u"Th - 2E-2 7E-12 2E-14 - -

90 Thorium~229 W,see Th 6E-1 9E-4 4E-13 - - -
Bone surf Bone surf - 3E-15 2E-8 2E-7

11 E+O\ 12E-3\
Y. see u"Th 2E-3 1E-12 - - -

- Bone surf - 4E-15 - -
(3E-3)

SS-7039 (July 2010)
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Table I Table II Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Class Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Water Concan-

ALI (~Ci) (~CUml) (~CUml) IratiO~JALI (~Ci) (~CUml) (/lCilml
90 Thorium-230 W,see Th 4E+0 6E-3 3E-12 - - -

Bone surf B~:ne surf - 2E-14 1E-7 1E-6
(9E+0) 2E-2)

Y, see «"Th - 2E-2 6E-12 - - -
- Bone surf - 3E-14 - -

(2E-2)
90 Thorium-231 W, see «"Th 4E+3 6E+3 3E-6 9E-9 5E-5 5E-4

Y, see 'Th - 6E+3 3E-6 9E-9 - -
90 Thorium-232 W, see ''''Th 7E-1 1E-3 5E-13 - - -

Bone surf Bone surf - 4E-15 3E-B 3E-7
12E+0\ 13E-3\

Y, see 'Th - 3E-3 1E-12 - - -
- Bone surf - 6E-15 - -

(4E-3)
90 Thorium-234 W, see 'Th 3E+2 2E+2 BE-B 3E-10 - -

7i' W~~I - - - 5E-6 5E-5
4E+2

Y, see «"Th - 2E+2 6E-B 2E-10 - -
91 Protactinium- W, all compounds 4E+3 1E+2 5E-B 2E-10 5E-5 5E-4

227' except those given
(orY
Y, oxides and - 1E+2 4E-B 1E-10 - -
hydroxides

91 Protactinium- W,seeUlpa 1E+3 1E+1 5E-9 - 2E-5 2E-4
22B - Bone surf - 3E-11 - -

(2E+1)
Y,seeUlpa - 1E+1 5E-9 2E-11 - -

91 Protactinium- W,seeu'Pa 6E+2 5E+0 2E-9 7E-12 - -
230 Bone surf - - - 1E-5 1E-4

(9E+2)
Y, see Ulpa - 4E+0 1E-9 5E-12 - -

91 Protactinium- W, see ""'Pa 2E-1 2E-3 6E-13 - - -
231 Bone ~~rf B~,ne surf - 6E-15 6E-9 6E-B

(5E-1 4E-3)
Y, see LL'Pa - 4E-3 2E-12 - - -

- Bone surf - BE-15 -
16E-3\

91 Protactinium- W, see :.t.,t.'Pa 1E+3 2E+1 9E-9 - 2E-5 2E-4
232

. - Bone surf - BE-11 - -
(6E+1)

Y, see L;UPa - 6E+1 2E-B - - -
- Bone surf - 1E-10 . - -

17E+1\
91 Protactinium- W, see Pa 1E+3 7E+2 3E-7 1E-9 - -

233 LLI wall - - - 2E-5 2E-4
(2E+3)

Y,see Pa - 6E+2 2E-7 BE-10 - -
91 Protactinium- W,seeu'Pa 2E+3 BE+3 3E-6 1E-B 3E-5 3E-4

234 Y, see .!Lfpa - 7E+3 3E-6 9E-9 - -
92 Uranium-230 D, UFs, U02F2 , 4E+0 4E-1 2E-10 - - -

UO,(NO,), Bone surf B~te surf - BE-13 BE-8 BE-7
(6E+O) 6E-1)

W, UO" UF., UCI. - 4E-1 1E-10 5E-13 - -
Y, U02, U30 S - 3E-1 1E-10 4E-13 - -

92 Uranium-231 D, see ...:~U 5E+3 BE+3 3E-6 1E-B - -
LLI wall - - - 6E-5 6E-4
(4E+3\

W, see "':,jUU - 6E+3 2E-6 BE-9 - -
Y, see "':,jUU - 5E+3 2E-6 6E-9 - -

92 U(anium~232 D,see U 2E+O 2E-1 9E-11 - - -
Bone surf Bone surf - 6E-13 6E-B 6E-7

(4E+0) (4E-1)
W,see"':~ U - 4E-1 2E-10 5E-13 - -

88-7039 (July 2010)
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Table I Table II
Table III

Oc;cupational Values Effluent Concenlrallons
Releases to

Sewers
Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monthly

No.
Oral Inhalation Average

Ingestion DAC
Air Water Concen-

ALI (~Ci) (~Cilml)
(~Cilml) (~Cilml) .1~"(tlO~1CVml

Y,see~c U - 8E-3 3E-12 1E-14 - -

92 Uranium-233 D,see U 1E+1 1E+O SE-10 - - -
Bone surf Bone surf - 3E-12 3E-7 3E·6

12E+1) (2E+O)

W,see U - 7E·1 3E·10 1E-12 - -
Y, see L;jIJU - 4E-2 2E·11 SE-14 - -

92 Uranium-234-> D, see ,,>XlV 1E+1 1E+O SE-lO · - -
Bone surf Bone surf - 3E-12 3E-7 3E·6

(2E+1) (2E+0l
W, see ;:';jIJU - 7E-1 3E-10 1E-12 - -
y, see ".suU - 4E-2 2E-11 SE-14 - -

92 Uranium-235 0, see L, U 1E+1 1E+O 6E-10 - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+1 ) (2E+O)
W, see 4,)UU - 8E-1 3E-10 1E-12 - -
y, see U - 4E-2 2E-11 6E-14 - -

92 Uranium-236 0, see U 1E+1 1E+O SE-lO - - -
Bone surf Bone surf - 3E-12 3E-7 3E·6

12E+1\ (2E+0l

W,see U - 8E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 . -

92 Uranium-237 D, see L.suU 2E+3 3E+3 1E-6 4E-9 - -
LLI wall - - · 3E-S 3E·4
(2E+3)

W, see U - 2E+3 7E-7 2E-9 . -
Y, see LSUU - 2E+3 6E-7 2E-9 - -

92 Uranium-238 D, see'<:~ U 1E+1 1E+O 6E-10 · - -
Bone ~~rf B?2ne surf - 3E-12 3E-7 3E-6

(2E+1 2E+O)
W, see .:.suU - 8E-1 3E-10 1E·12 - -

Y, see U - 4E·2 2E-11 6E-14 - -
92 Uranium-239" D, see L:SUU 7E+4 2E+S 8E-S 3E-7 9E-4 9E-3

W, see L..}I,U - 2E+S 7E-S 2E-7 - -

V,ses U . 2E+S 6E-S 2E-7 - -
92 Uranium-240 D, see U 1E+3 4E+3 2E-6 SE-9 2E-S 2E-4

W, see L,wU - 3E+3 1E·6 4E-9 - -
Y, see"~U - 2E+3 1E·6 3E-9 - -

92 Uranium- D, see U 1E+1 1E+O SE-lO · - -
natural3 Bone surf Bone surf - 3E-12 3E·7 3E-6

(2E+1) (2E+Ol
W, see"'; U - 8E-1 3E·10 9E-13 - .

Y,see U - SE-2 2E-11 9E-14 - -

93 Neptunium- W, all compounds 1E+S 2E+3 7E-7 - 2E·3 2E-2
232' - Bone surf - 6E-9 - -

(SE+2)
93 Neptunium- W, all compounds 8E+S 3E+6 1E-3 4E-6 1E·2 1E-1

233'
93 Neotunium-234 W, all comoounds 2E+3 3E+3 1E·6 4E-9 3E-S 3E·4
93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 - - -

LLI wall Bone surf - 2E-9 3E·4 3E-3
12E+41 I1E+31

93 Neptunium-236 W, all compounds 3E+O 2E-2 9E-12 · - -
(1.1SE+Sy) B~ne s)~rf B~,ne ~~rf - 8E-14 9E-8 9E-7

6E+O SE-2
93 Neptunium- W, all compounds 3E+3 3E+1 1E·8 · - -

236m (22.S h) Bone surf Bone surf - 1E-10 SE-S SE·4
(4E+3) (7E+1)

93 Neptunium-237 W, all compounds SE-1 4E-3 2E-12 - - -
Bone surf Bone surf - 1E-14 2E-8 2E-7

(1 E+O) (1 E-2)
93 Ne tunium-238 W, all compounds 1E+3 6E+1 3E·8 - 2E·S 2E-4

88-7039 (July 2010)
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Tabla TablaH
Tabla III

Occupati0llal.Values Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monlhly
No. Oral Inhalation Average

Ingestion DAC
Air Water Concen-

(~CVml) (~CVml) tralio~lALI(~Ci) (~CVml) (11Cilml
- Bone surf - 2E-10 - -

(2E+2)
93 Neptunium~239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - -

LLI wall - - - 2E-5 2E-4
(2E+3)

93 Neptunium- W, all compounds 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
240'

94 Plutonium-234 W, all compounds 8E+3 2E+2 9E-8 3E-10 1E-4 1E-3
exceol PuO,
Y, PuO, - 2E+2 8E-8 3E-10 - -

94 Plutonium-235L. W, see L.s4pU 9E+5 3E+6 lE-3 4E-6 1E-2 1E-1

Y,see Pu - 3E+6 1E-3 3E-6 - -
94 Plutonium-236 W,see Pu 2E+0 2E-2 8E-12 - - -

Bone surf Bone surf - 5E-14 6E-8 6E-7
(4E+0) (4E-2)

V, see Pu - 4E-2 2E-1l 6E-14 - -
94 Plutonium-237 W,see Pu 1E+4 3E+3 1E-6 5E-9 2E-4 2E-3

Y, see L.s4pU - 3E+3 lE-6 4E-9 - -
94 Plutonium-238 W, see Pu 9E-1 7E-3 3E-12 - - -

B~na S,~rf Bone surf - 2E-14 2E-8 2E-7
2E+0 (1 E-2)

Y, see L.s4pU - 2E-2 BE-12 2E-14 - -
94 Plutonium-239 W, see Pu 8E-l 6E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
(1E+0) (1 E-2)

Y,see Pu - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

(2E-2)
94 Plutonium-240 W, see L.s4pU 8E-l 6E-3 3E-12 - - -

Bona ~~rf Bone surf - 2E-14 2E-8 2E-7
(lE+O (1E-2)

Y, see L;jlPU - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

12E-2\
94 Plutonium-241 W, see Pu 4E+1 3E-1 1E-l0 - - -

B~ne surf B~fne ~~rf - 8E-13 1E-6 lE-5
7E+l) 6E-l

Y, see Pu - 8E-l 3E-10 - - -
- B~ne ~~rf - lE-12 - -

1E+O
94 Plutonium-242 W, see L.s4pU 8E-1 7E-3 3E-12 - - -

Bone ~~rf B~~e ~~rf - 2E-14 2E-B 2E-7
(1E+O 1E-2

Y, see L;j.o1PU - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

12E-2\
94 Plutonium-243 W, see Pu 2E+4 4E+4 2E-5 5E-B 2E-4 2E-3

Y, see :is'lpu - 4E+4 2E-5 5E-8 - -
94 Plutonium-244 W, see ~~ Pu 8E-1 7E-3 3E-12 - - -

Bone surf B~1ne ~~rf - 2E-14 2E-B 2E-7
(2E+0) 1E-2

Y, see ~S'lpu - 2E-2 7E-12 - - -
- B~;"e surf - 2E-14 - -

2E-2)
94 Plutonium-245 W, see:i;s.<lpu 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4

Y, see ~.s'pu - 4E+3 2E-6 6E-9 - -
94 Plutonium-246 W,see Pu 4E+2 3E+2 1E-7 4E-l0 - -

LLI wall - - - 6E-6 6E-5
(4E+2)

Y, see Pu - 3E+2 1E-7 4E-10 - -
95 Americium- W, all compounds BE+4 3E+5 1E-4 4E-7 1E-3 lE-2

237'
95 Americium- W, all compounds 4E+4 3E+3 1E-6 - 5E-4 5E-3
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ra~le Ta~lell
Ta~le III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Colof Col.i2 J • Col. 3 Col. 1 Col. 2 Monthly
No.

Oral
Inhalation Average

Ingestion DAC
Air Water Concan-

ALI (~Ci) (~CVml)
(~CVIl1I) (~CVml) tration

(IlCUml)
238' - Bone surf - 9E-9 - -

(8E+3)

95 Americium-239 W, all comoounds 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
95 Americium-240 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
(1 E+O) (1 E-2)

95 Americium- W, all compounds 8E-1 6E-3 3E-12 - - -
242m B~ne s)~rf B~~e surf - 2E-14 2E-8 2E-7

1E+O 1E-2)
95 Americium-242 W, all compounds 4E+3 8E+1 4E-8 - 5E-5 5E-4

- Bone surf - 1E-10 - -
(9E+1)

95 Americium-243 W, all compounds 8E-1 8E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+0\ (1 E-2\

95 Americium- W, all compounds 6E+4 4E+3 2E-6 - - -
244m' Stwall Bone surf - 1E-8 1E-3 1E-2

(8E+4) (7E+3\
95 Americium-244 W, all compounds 3E+3 2E+2 8E-8 - 4E-5 4E-4

- B~ne ~~rf - 4E-10 - -
3E+2

95 Americium~245 W, all comnounds 3E+4 8E+4 3E-5 1E-7 4E-4 4E-3
95 Americium- W, all compounds 5E+4 2E+5 8E-5 3E-7 - -

246m' Stwall - - - 8E-4 8E-3
(6E+4)

95 Americium- W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
246'

96 Curium-238 W, all compounds 2E+4 1E+3 5E-7 2E-9 2E-4 2E-3
96 Cu(ium~240 W, all compounds 6E+1 6E-1 2E-10 - - -

Bone surf Bone surf - 9E-13 1E-6 1E-5
(8E+1) (6E-1 )

96 Curium-241 W, all compounds 1E+3 3E+1 1E-8 - 2E-5 2E-4
- Bone surf - 5E-11 - -

(4E+1)
96 Curium-242 W, all compounds 3E+1 3E-1 1E-10 - - -

Bone surf Bone surf - 4E-13 7E-7 7E-6
(5E+1) (3E-1 )

96 Curium-243 W, all compounds 1E+O 9E-3 4E-12 - - -
Bone surf B~;"e surf - 2E-14 3E-8 3E-7

(2E+O) 2E-2)
96 Curium-244 W, all compounds 1E+O 1E-2 5E-12 - - -

Bone surf Bone surf - 3E-14 3E-8 3E-7
(3E+O) (2E-2)

96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1 E+O) (1E-2)
96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
(1 E+O\ (1 E-2)

96 Curium-247 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+O) (1 E-2)
96 Curium-248 W, all compounds 2E-1 2E-3 7E-13 - - -

B~2e ~~rf B~,ne surf - 4E-15 5E-9 5E-8
4E-1 3E-3)

96 Curium-249" W, all compounds 5E+4 2E+4 7E-6 - 7E-4 7E-3
- Bone surf - 4E-8 - -

(3E+4\
96 Curium-250 W, all compounds 4E-2 3E-4 1E-13 - - -

Bone surf Bone surf - 8E-16 9E-10 9E-9
(6E-2) (5E-4)

97 Berkelium-245 W, all compounds 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
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Table I Table II
Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic Col. 1 Col. 2 <I ••··COl.3 Col.I Col. 2 Monthly
No.

Oral
Inhalation Average

Ingestion DAC
Water Concen~

(~CUml) tration
ALI (~Ci) (~CUml) (uCilmlJ

97 Berkelium-247 W, all compounds 5E-1 4E-3 2E-12 - - -

8~ne ~~rf Bone surf - 1E-14 2E-8 2E-7
1E+0 19E-3\

97 Berketium-249 W, all compounds 2E+2 2E+0 7E-1O - - -
80ne ~~rf 8~ne ~~rf - 5E-12 8E-6 6E-5

(5E+2 4E+0
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3

- 87,ne ~~rf - 1E-9 - -
7E+2

98 Californium~ W, all compounds 3E+4 6E+2 2E-7 8E-10 - -
244' except those given Siwall - - - 4E-4 4E-3

for Y (3E+4)
Y, oxides and - 6E+2 2E-7 8E-1O - -
hYdroxides

98 Californium-246 W,see CI 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5

Y, see '''Cf - 9E+0 4E-9 1E-11 - -
98 Californium-248 W, see '4 Cf 8E+0 6E-2 3E-11 - - -

87200 ~~rf Bone surf - 2E-13 2E-7 2E-6
2E+1 (1E-1)

Y. see '''Cf - 1E-1 4E-11 1E-13 - -
98 Californium-249 W, see Lq Cf 5E-1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
(1 E+O) (9E-3)

Y, see '''Cf - 1E-2 4E-12 - - -
Bone surf

- (1 E-2) - 2E-14 - -
98 Catifornium-250 W, see" Cf 1E+0 9E-3 4E-12 - - -

8~ne surf 8~;"e ~~rf - 3E-14 3E-8 3E-7
2E+0) 2E-2

Y, see '''Cf - 3E-2 1E-11 4E-14 - -
98 Californium-251 W, see" Cf 5E-1 4E-3 2E-12 - - -

80ne surf Bone surf - 1E-14 2E-8 2E-7
(1 E+O) (9E-3)

Y, seemCf - 1E-2 4E-12 - - -
- Bone surf - 2E-14 - -

(1 E-2)
98 Californium-252 W, see" Cf 2E+0 2E-2 8E-12 - - -

Bone surf Bone surf - 5E-14 7E-8 7E-7
(5E+0) (4E-2)

Y, see '''Cf - 3E-2 1E-11 5E-14 - -

98 Californium-253 W, see" Cf 2E+2 2E+0 8E-1O 3E-12 - -
Bone surf - - - 5E-6 5E-5

(4E+2)
Y, see '44Cf - 2E+0 7E-1O 2E-12 - -

98 Californium-254 W, see" Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7

Y, see L" Cf - 2E-2 7E-12 2E-14 - -
99 Einsteinium- W, all compounds 4E+4 5E+2 2E-7 - 6E-4 6E-3

250 - 87,"e s,~rf - 2E-9 - -
1E+3

99 Einsteinium- W, all compounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
251 - 87,"e S,~rf - 2E-9 - -

1E+3
99 Einsteinium- W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5

253
99 Einsteinium- W, all compounds 3E+2 1E+1 4E-9 1E-11 - -

254m LLI wall - - - 4E-6 4E-5
13E+2)

99 Einsteinium- W, all compounds 8E+0 7E-2 3E-11 - - -
254 87,ne ~~rf Bone surf - 2E-13 2E-7 2E-6

2E+1 (1E-1)
100 Fermium-252 W, all compounds 5E+2 1E+1 5E-9 2E-11 6E-6 6E-5
100 Fermium-253 W, all comoounds 1E+3 1E+1 4E-9 1E-11 1E-5 1E-4

100 Fermium-254 W, all compounds 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
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Table I Table II
Table III

Occupational Values Effluent Concentrations Releases to
Sewers

Atomic
Radlonuclide Class Col. I Col. 2 Col. 3 Col. I Col. 2 Monthly

No.
Oral

Inhalation Average

Ingestion DAC
Air Water Concen-

ALI (~Ci) (~CUmi) (~CUml) iralian
ALI (~Ci) (~CUml) (uCilm/J

100 Fermium-255 W, all com ounds 5E+2 2E+1 9E-9 3E-11 7E-6 7E-5

100 Fermium-257 W, all compounds 2E+1 2E-1 7E-11 - - -
Bone surf Bone surf - 3E-13 5E-7 5E-6

14E+11 (2E-1l

101 Mendelevium- W, all compounds 7E+3 8E+1 4E-8 - 1E-4 1E-3
257 - Bone surf - 1E-10 - -

(9E+1l

101 Mendelevium- W, all compounds 3E+1 2E-1 1E-10 - - -
258 B~ne ~~rf Bone surf 5E-13 6E-7 6E-6

5E+1 (3E-1l

- Any single Submersion 1 - 2E+2 1E-7 lE-9 - -
radionucllde not
listed above
with decay
mode other
than alpha
emission or
spontaneous
fission and with
radioactive half·
life less than 2
hours

- Any single - 2E-1 1E-10 1E-12 1E-8 lE-7
radionuclide not
listed above
with decay
mode other
than alpha
emission or
spontaneous
fission and with
radioactive half-
life greater than
2 hours

- Any single - 4E-4 2E-13 1E-15 2E-9 2E-B
radionuclide not
listed above
that decays by
alpha emission
or spontaneous
fission, or any
mixture for
which either the
identity or the
concentration of
any
radionuclide in
the mixture is
not known

ENDNOTES:

IIlSubmersion" means that values given are for submersion in a hemispherical semi-infinite cloud of airborne material.

2 These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent received during
operations with these radionuclides might include a significant contribution from external exposure. The DAC values for all
radionuclides, other than those designated Class "Submersion: are based upon the committed effective dose equivalent due to
the intake of the radionuclide into the body and do not include potentially significant contributions to dose equivalent from
external exposures. The licensee may substitute 1E-7 ~CiJml for the listed DAC to account for the submersion dose
prospectively, but should use individual monitoring devices or other radiation measuring instruments that measure external
exposure to demonstrate compliance with the limits. (See 12000205 .52 Rule 0400-20~05-.52)

3 For soluble mixtures of U-23B, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see 120002 Q5 .50
paragraph (5) of Rule 0400-20-05-.50). If the percent by weight (enrichment) of U-235 is not greater than 5, the concentration
value for a 40-hour workweek is 0.2 milligrams uranium per cubic meter of air average. For any enrichment, the product of the
average concentration and time of exposure during a 40-hour workweek shall not exceed BE-3 (SA) ~Ci-hr/ml, where SA is the
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specific activity of the uranium inhaled. The specific activity for natural uranium is 6.77E-7 curies per gram U. The specific
activity for other mixtures of U-238, U-235, and U·234, if not known, shall be:

SA = 3.6E-7 curies/gram U U-depleted

SA = [0.4 + 0.38 (enrichment) + 0.0034 (enrichment)'] E-6, enrichment> 0.72

where enrichment is the percentage by weight of U-235, expressed as percent.

NOTE:

1. If the identity of each radionuclide in a mixture is known but the concentration of one or more of the radionuclides in the mixture is
not known, the DAC for the mixture shall be the most restrictive DAC of any radionuclide in the mixture.

2. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in this schedule are
not present in the mixture, the inhalation AU, DAC, and effluent and sewage concentrations for the mixture are the lowest values specified in
this schedule for any radionuclide that is not known to be absent from the mixture; or

Tablelvalues

Table III
Table" Releases to

Effluent Concentrations Sewers

Atomic No. Radionuclide Class
Col.1 ,: -: Col. 2 I CoI.S Col. 1 Col. 2

MonthlyInhalation
Oral Air Water

Average

Ingestion DAC
(~CUml) (~CUml)

Concentration

All (~Ci)
(~CUml) (~Ci/mlj

If it is known that Ac-227-D and Cm-250-W - 7E-4 3E-13 - - -
are not present
If, in addition, it is known thatAc-227~W, y, - 7E-3 3E-12 - - -
Th-229-W, Y, Th-230-W, Th-232-W, Y, Pa-
231-W, Y, Np-237-W, Pu-239-W, Pu-240-W,
Pu-242-W, Am-241-W, Am-242m-W, Am-243-
W, Cm-245-W, Cm-246-W, Cm-247-W, Cm-
248-W, Bk-247-W, Cf-249-W, and Cf-251-W
are not present
If, in addition, it is known that Sm·146-W, Sm- - 7E-2 3E-11 - - -
147-W, Gd-148-D, W, Gd-152-D, W, Th-228-
W, Y, Th-230-Y, U-232-Y, U-233-Y, U-234-Y,
U-235-Y, U-236-Y, U-238-Y, Np-236-W, Pu-
236-W, Y, Pu-238-W, Y, Pu-239-Y, Pu-240-Y,
Pu-242-Y, Pu-244W, Y, Cm-243-W, Cm-244-
W, Cf-248-W, Cf-249-Y, Cf-250-W, Y, Cf-251-
Y, Cf-252-W, Y, and Cf-254-W, Yare not
oresent
If, in addition, it is known that Pb-210-D, Bi- - 7E-1 3E-10 - - -
210m-W, Po-210-D, W, Ra-223-W, Ra-225-
W, Ra-226-W, Ac-225-D, W, Y, Th-227-W, Y,
U-230-D, W, Y, U-232-D, W, Pu-241-W, Cm-
240W, Cm-242-W, CI-248-Y, Es-254-W, Fm-
257-W, and Md-258-W are not present
If, in addition, it is known that Si-32-Y, Ti-44- - 7E+0 3E-9 - - -
Y, Fe-60-D, Sr-90-Y, 2r-93-D, Cd-113m-D,
Cd-113-D, In-115-D, W, La-138-D, Lu-176-W,
HI-178m-D, W, HI-182-D, W, Bi-210m-D, Ra-
224-W, Ra-228-W, Ac-226-D, W, Y, Pa-230-
W, Y, U-233-D, W, U-234-D, W, U-235-D, W,
U-236-D, W, U-238-D, W, Pu-241-Y, Bk-249-
W, CI-253-W, Y, and Es-253-W are not
oresent
tl it is known that Ac-227-D, W, Y, Th-229-W, - - - 1E-14 - -
Y, Th-232-W, Y, Pa-231-W, Y, Cm-248-W,
and Cm·250·W are not present
If, in addition, it is known that Sm-146-W, Gd- - - - 1E-13 - -
148-D, W, Gd-152-D, Th-228-W, Y, Th-230-
W, Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, U-Nat-Y, Np-236-W, Np-
237-W, Pu-236-W, Y, Pu-238-W, Y, Pu-239-
W, Y, Pu-240-W, Y, Pu-242-W, Y, Pu-244-W,
Y, Am-241W, Am-242m-W, Am-243-W, Cm-
243-W, Cm-244-W, Cm-245-W, Cm-246-W,
Cm-247-W, Bk-247-W, CI-249-W, Y, CI-250-
W, Y, Cf-251-W, Y, Cf-252-W, Y, and CI-254-
W, Yare not present
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iTa~lal Values

Table III
Table II Releases to

Effluent Concentrations Sewers

Atomic No.
CoLt LCoJ.2>1 Col. 3 CoLf Col. 2

Monthly

Oral Water Average

Ingestion DAC
(~CVml)

Concentration

ALlluCil (~CVml) (/iCVmQ

If, in addition, it is known that Sm·147-W, Gd- - - - 1E-12 - -
152-W, Pb-210-D, Bi-210m-W, Po-210-D, W,
Ra-223-W, Ra-225·W, Ra-226-W, Ac-225-D,
W, Y, Th-227-W, Y, U-230-D, W, Y, U-232-D,
W, U-Nal-W, Pu-241-W, Cm-240-W, Cm-242-
W, Cf-248-W, Y, Es-254-W, Fm-257-W, and
Md-258-W are not oresent
If, in addition it is known that Fe-60, Sr-90, - - - - 1E-6 1E-5
Cd-113m, Cd-113,ln-115, 1-129, Cs-134, Sm-
145, Sm-147, Gd-148, Gd-152, H9-194
(organic), Bi-21 Om, Ra-223, Ra-224, Ra-225,
Ac-225, Th-228, Th-230, U-233, U-234, U-
235, U-236, U-238, U-Nal, Cm-242, Cf-248,
Es-254, Fm-257, and Md-258 are nol present

3. If a mixture of radlonuclldes consists of uranium and tts daughters In ore dust (10 pm AMAD particle dIstributIon assumed) prior to
chemical separation of the uranium from the ore, the following values may be used for the DAC of the mixture: 6E-11 pCi of gross alpha
activity from uranium~238, uranium-234, thorium-230, and radium-226 per milliliter of air; 3E-11 j.iCi of natural uranium per milliliter of air; or 45
micrograms of natural uranium per cubic meter of air.

4. If the identity and concentration of each radionucfide in a mixture are known, the limiting values should be derived as follows;
determine, for each radionuclide in the mixture, the ratio between the concentration present in the mixture and the concentration otherwise
established in Schedule RHS 8-30 for the specific radionuclide when not in a mixture. The sum of such ratios for al/ of the radionuclides in the
mixture may not exceed "1" (i.e., "unity").

Example: If radionuclides "A," "B," and "C" are present in concentrations CA, CB, and Cc, and if the applicable DACs are
DACA, DACB, and DACe, respectively, then the concentrations shall be limited so that the following relationship exists:

CB
+-------

DACB

Cc
+--------

DACc

.:':1

SCHEDULE RHS 8-31
QUANTITIES' OF LICENSED MATERIAL REQUIRING LABELING

Radionuclide Quantity Radionuclide Quantity
(~Ci) -. (fJCi) -.

Hydrogen-3 1,000 Argon-41 1,000
Beryllium-7 1,000 Potassium-40 100
Beryllium-10 1 Potassium-42 1,000
Carbon-11 1,000 Potassium-43 1,000
Carbon-14 1,000 Potassium-44 1,000
Fluorine-18 1,000 Potassium-45 1,000
Sodium-22 10 Calcium-41 100
Sodium-24 100 Calcium-45 100
Magnesium-28 100 Calcium-47 100
Aluminum-26 10 Scandium-43 1,000
Silicon-31 1,000 Scandium-44m 100
Silicon-32 1 Scandium-44 100
Phosphorus-32 10 Scandium-46 10
Phosphorus-33 100 Scandium-47 100
Sulfur-35 100 Scandium-48 100
Chlorine-36 10 Scandium-4g 1,000
Chlorine-38 1,000 Titanium-44 1
Chlorine-39 1,000 Titanium-45 1,000
Argon-39 1,000 Vanadium-47 1,000

Vanadium-48 100

"a To Convert ~Ci to KBq, multiply the ~Ci value by 37.
Vanadium-49 1,000
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Radionuclide Quantity Radionuclide Quantity
WCi) 'a (!JCi) 'a

Chromium-48 1,000 Arsenic-74 100
Chromium-49 1,000 Arsenic-76 100
Chromium-51 1,000 Arsenic-77 100
Manganese-51 1,000 Arsenic-78 1,000
Manganese-52m 1,000 Selenium-70 1,000
Manganese-52 100 Selenium-13m 1,000
Manganese-53 1,000 Selenium-73 100
Manganese-54 100 Selenium-75 100
Manganese-56 1,000 Selenium-79 100
Iron-52 100 Selenium-81 m 1,000
Iron-55 100 Selenium-81 1,000
Iron-59 10 Selenium-83 1,000
Iron-60 1 Bromine-74m 1,000
Cobalt-55 100 Bromine-74 1,000
Cobalt-56 10 Bromine-75 1,000
Cobalt-57 100 Bromine-76 100
Cobalt-58m 1,000 Bromine-77 1,000
Cobalt-58 100 Bromine-80m 1,000
Cobalt-60m 1,000 Bromine-80 1,000
Cobalt-60 1 Bromine-82 100
Cobalt-61 1,000 Bromine-83 1,000
Cobalt-62m 100 Bromine-84 1,000
Nickel-56 100 Krypton-74 1,000
Nickel-57 100 Krypton-76 1,000
Nickel-59 100 Krypton-77 1,000
Nickel-63 100 Krypton-79 1,000
Nickel-65 1,000 Krypton-81 1,000
Nickel-66 10 Krypton-83m 1,000
Copper-60 1,000 Krypton-85m 1,000
Copper-61 1,000 Krypton-85 1,000
Copper-64 1,000 Krypton-87 1,000
Copper-67 1,000 Krypton-88 1,000
Zinc-62 100 Rubidium-79 1,000
Zinc-63 1,000 Rubidium-81m 1,000
Zinc-65 10 Rubidium-81 1,000
Zinc-69m 100 Rubidium-82m 1,000
Zinc-69 1,000 Rubidium-83 100
Zinc-71m 1,000 Rubidium-84 100
Zinc-72 100 Rubidium-86 100
Gallium-65 1,000 Rubidium-87 100
Gallium-66 100 Rubidium-88 1,000
Gallium-67 1,000 Rubidium-SS 1,000
Gallium-68 1,000 Strontium-80 100
Gallium-70 1,000 Strontium-81 1,000
Gallium-72 100 Strontium-83 100
Gallium-73 1,000 Strontium-85m 1,000
Germanium-66 1,000 Strontium-85 100
Germanium-67 1,000 Strontium-87m 1,000
Germanium-68 10 Strontium-89 10
Germanium-69 1,000 Strontium-90 0.1
Germanium-71 1,000 Strontium-91 100
Germanium-75 1,000 Strontium-S2 100
Germanium-77 1,000 Yttrium-86m 1,000
Germanium-78 1,000 Yttrium-86 100
Arsenic-69 1,000 Yttrium-87 100
Arsenic-70 1,000 Yttrium-88 10
Arsenic-71 100 Yttrium-90m 1,000
Arsenic-72 100 Yttrium-90 10
Arsenic-73 100 Yttrium-91 m 1,000
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Radionuclide Quantity Radionuclide Quantity
WCi) 'a (flCi) 'a

Yttrium-91 10 Palladium-101 1,000
Yttrium-92 100 Palladium-103 100
Yttrium-93 100 Palladium-107 10
Yttrium-94 1,000 Palladium-109 100
Yttrium-95 1,000 Silver-102 1,000
Zirconium-86 100 Silver-103 1,000
Zirconium-88 10 Silver-104m 1,000
Zirconium-89 100 Silver-104 1,000
Zirconium-93 1 Silver-105 100
Zirconium-95 10 Silver-106m 100
Zirconium-97 100 Silver-106 1,000
Niobium-88 1,000 Silver-108m 1
Niobium-89m Silver-110m 10
(66 min) 1,000 Silver-iii 100

Niobium-89 Silver-112 100
(122 min) 1,000 Silver-115 1,000

Niobium-90 100 Cadmium-104 1,000
Niobium-93m 10 Cadmium-107 1,000
Niobium-94 1 Cadmium-109 1
Niobium-95m 100 Cadmium-113m 0.1
Niobium-95 100 Cadmium-113 100
Niobium-96 100 Cadmium-115m 10
Niobium-97 1,000 Cadmium-115 100
Niobium-98 1,000 Cadmium-117m 1,000
Molybdenum-90 100 Cadmlum-117 1,000
Molybdenum -93m 100 Indlum-109 1,000
Molybdenum-93 10 Indium-110m
Molybdenum-99 100 (69.1m) 1,000
Molybdenum-101 1,000 Indium-110
Technetium-93m 1,000 (4.9h) 1,000
Technetium-93 1,000 Indium-iii 100
Technetium-94m 1,000 Indium-112 1,000
Technetium-94 1,000 Indium-113m 1,000
Technetium-96m 1,000 Indium-114m 10
Technetium-96 100 Indium-115m 1,000
Technetium-97m 100 Indium-115 100
Technetlum-97 1,000 Indium-116m 1,000
Technetium-98 10 Indium-117m 1,000
Technetium-99m 1,000 Indium-117 1,000
Technetium-99 100 Indium-119m 1,000
Technetlum-101 1,000 Tin-11 0 100
Technetium-104 1,000 Tin-iii 1,000
Ruthenium-94 1,000 Tin-113 100
Ruthenium-97 1,000 Tin-117m 100
Ruthenium-103 100 Tin-119m 100
Ruthenium-105 1,000 Tin-121m 100
Ruthenium-106 1 Tin-121 1,000
Rhodlum-99m 1,000 Tin-123m 1,000
Rhodlum-99 100 Tin-123 10
Rhodium-100 100 Tin-125 10
Rhodium-101m 1,000 Tin-126 10
Rhodium -101 10 Tin-127 1,000
Rhodium-102m 10 Tln-128 1,000
Rhodium-102 10 Antimony-115 1,000
Rhodium-103m 1,000 Antimony-116m 1,000
Rhodium-105 100 Antimony-116 1,000
Rhodium-106m 1,000 Antimony-117 1,000
Rhodium-107 1,000 Antimony-118m 1,000
Palladium-100 100 Antimony-119 1,000

88-7039 (July 2010) RDA 1693
99



Radionuclide Quantity Radionuclide Quantity
WCi) 'a (lJCi) 'a

Antimony-120 Xenon-135 1,000
(16m) 1,000 Xenon-138 1,000

Antimony-120 Cesium-125 1,000
(5.76d) 100 Cesium-127 1,000

Antimony-122 100 Cesium-129 1,000
Antimony-124m 1,000 Cesium-130 1,000
Antimony-124 10 Cesium-131 1,000
Antimony-125 100 Cesium-132 100
Antimony-126m 1,000 Cesium-134m 1,000
Antimony-130 1,000 Cesium-134 10
Antimony-131 1,000 Cesium-135m 1,000
Tellurium-116 1,000 Cesium-135 100
Tellurium-121m 10 Cesium-136 10
Tellurium-121 100 Cesium-137 10
Tellurium-123m 10 Cesium-138 1,000
Tellurium-123 100 Barium-126 1,000
Tellurium-125m 10 Barium-128 100
Antimony-126 100 Barium-131m 1,000
Antimony-127 100 Barium-131 100
Tellurium-127m 10 Barium-133m 100
Tellurium-127 1,000 Barium-133 100
Antimony-128 (1004 m) 1,000 Barium-135m 100
Antimony-128 (9.01 h) 100 Barium-139 1,000
Antimony-129 100 Barium-140 100
Tellurium-129m 10 Barium-141 1,000
Tellurium-129 1,000 Barium-142 1,000
Tellurium-131m 10 Lanthanum-131 1,000
Tellurium-131 100 Lanthanum-132 100
Tellurium-132 10 Lanthanum-135 1,000
Tellurium-133m 100 Lanthanum-137 10
Tellurium-133 1,000 Lanthanum-138 100
Tellurium-134 1,000 Lanthanum-140 100
Iodine-120m 1,000 Lanthanum-141 100
lodine-120 100 Lanthanum-142 1,000
lodine-121 1,000 Lanthanum-143 1,000
lodine-123 100 Cerium-134 100
lodine-124 10 Cerium-135 100
lodine-125 1 Cerium-137m 100
lodine-126 1 Cerium-137 1,000
lodine-128 1,000 Cerium-139 100
lodine-129 1 Cerium-141 100
lodine-130 10 Cerium-143 100
lodine-131 1 Cerium-144 1
Iodine-132m 100 Praseodymium-136 1,000
lodine-132 100 Praseodymium-137 1,000
lodine-133 10 Praseodymium-138m 1,000
lodine-134 1,000 Praseodymium-139 1,000
lodine-135 100 Praseodymium-142m 1,000
Xenon-120 1,000 Praseodymium-142 100
Xenon-121 1,000 Praseodymium-143 100
Xenon-122 1,000 Praseodymium-144 1,000
Xenon-123 1,000 Praseodymium-145 100
Xenon-125 1,000 Praseodymium-147 1,000
Xenon-127 1,000 Neodymium-136 1,000
Xenon-129m 1,000 Neodymium-138 100
Xenon-131m 1,000 Neodymium-139m 1,000
Xenon-133m 1,000 Neodymium-139 1,000
Xenon-133 1,000 Neodymium-141 1,000
Xenon-135m 1,000 Neodymium-147 100
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Radionuclide Quantity Radionuclide Quantity
(~Ci) '. (JJCi) '.

Neodymium-149 1,000 Terbium-161 100
Neodymium-151 1,000 Dysprosium-155 1,000
Promethium-141 1,000 Dysprosium-157 1,000
Promethium-143 100 Dysprosium-159 100
Promethium-144 10 Dysprosium-165 1,000
Promethium-145 10 Dysprosium-166 100
Promethium-146 1 Holmium-155 1,000
Promethium-147 10 Holmium-157 1,000
Promethium-148m 10 Holmium-159 1,000
Promethium-148 10 Holmium-161 1,000
Promethium-149 100 Holmium-162m 1,000
Promethium-150 1,000 Holmium-162 1,000
Promethium-151 100 Holmium-164m 1,000
Samarium-141m 1,000 Holmium-164 1,000
Samarium-141 1,000 Holmium-166m 1
Samarium-142 1,000 Holmium-166 100
Samarium-145 100 Holmium-167 1,000
Samarium-146 1 Erbium-161 1,000
Samarium-147 100 Erbium-165 1,000
Samarium-151 10 Erbium-169 100
Samarium-153 100 Erbium-171 100
Samarium-155 1,000 Erbium-172 100
Samarium-156 1,000 Thulium-162 1,000
Europium-145 100 Thulium-166 100
Europium-146 100 Thulium-167 100
Europium-147 100 Thulium-170 10
Europium-148 10 Thulium-171 10
Europium-149 100 Thulium-172 100
Europium-150 (12.62h) 100 Thulium-173 100
Europium-150 (34.2y) 1 Thulium-175 1,000
Europium-152m 100 Ytterbium-162 1,000
Europium-152 1 Ytterbium-166 100
Europium-154 1 Ytterbium-167 1,000
Europium-155 10 Ytterbium-169 100
Europium-156 100 Ytterbium-175 100
Europium- 157 100 Ytterbium-177 1,000
Europium-158 1,000 Ytterbium-178 1,000
Gadolinium-145 1,000 Lutetium-169 100
Gadolinium-146 10 Lutetium-170 100
Gadolinium-147 100 Lutetium-171 100
Gadolinium-148 0.001 Lutetium-172 100
Gadolinium-149 100 Lutetium-173 10
Gadolinium-151 10 Lutetium-174m 10
Gadolinium-152 100 Lutetium-174 10
Gadolinium-153 10 Lutetium-176m 1,000
Gadolinium-159 100 Lutetium-176 100
Terbium-147 1,000 Lutetium-177m 10
Terbium-149 100 Lutetium-177 100
Terbium-150 1,000 Lutetium-178m 1,000
Terbium-151 100 Lutetium-178 1,000
Terbium-153 1,000 Lutetium-179 1,000
Terbium-154 100 Hafnium-170 100
Terbium-155 1,000 Hafnium-172 1
Terbium-156m (5.0 h) 1,000 Hafnium-173 1,000
Terbium-156m (24.4h) 1,000 Hafnium-175 100
Terbium-156 100 Hafnium-177m 1,000
Terbium-157 10 Hafnium-178m 0.1
Terbium-158 1 Hafnium-179m 10
Terbium-160 10 Hafnium-180m 1,000
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Radionuclide Quantity Radionuclide Quantity
(!JCi) '. (!JCi) '.

Hafnium-181 10 Iridium-190 100
Hafnium-182m 1,000 Iridium-192m (104m) 10
Hafnium-182 0.1 Iridium-192 (73.8d) 1
Hafnium-183 1,000 Iridium-194m 10
Hafnium-184 100 Iridium-194 100
Tantalum-172 1,000 Iridium-195m 1,000
Tantalum-173 1,000 Iridium-195 1,000
Tantalum-174 1,000 Platinum-186 1,000
Tantalum-175 1,000 Platinum-188 100
Tantalum-176 100 Platinum -189 1,000
Tantalum-177 1,000 Platinum-191 100
Tantalum-178 1,000 Platinum-193m 100
Tantalum-179 100 Platinum-193 1,000
Tantalum-180m 1,000 Platinum-195m 100
Tantalum-180 100 Platinum-197m 1,000
Tantalum-182m 1,000 Platinum-197 100
Tantalum-182 10 Platinum-199 1,000
Tantalum-183 100 Platlnum-200 100
Tantalum-184 100 Gold-193 1,000
Tantalum-185 1,000 Gold-194 100
Tantalum-186 1,000 Gold-195 10
Tungsten-176 1,000 Gold-198m 100
Tungsten-177 1,000 Gold-198 100
Tungsten-178 1,000 Gold-199 100
Tungsten-179 1,000 Gold-200m 100
Tungsten-181 1,000 Gold-200 1,000
Tungsten-185 100 Gold-201 1,000
Tungsten-187 100 Mercury-193m 100
Tungsten-188 10 Mercury-193 1,000
Rhenium-177 1,000 Mercury-194 1
Rhenium-178 1,000 Mercury-195m 100
Rhenium-181 1,000 Mercury-195 1,000
Rhenium-182 (12.7h) 1,000 Mercury-197m 100
Rhenlum-182 (64.0 h) 100 Mercury-197 1,000
Rhenium-184m 10 Mercury-199m 1,000
Rhenium-184 100 Mercury-203 100
Rhenium-186m 10 Thallium-194m 1,000
Rhenium-186 100 Thallium-194 1,000
Rhenium-187 1,000 Thallium-195 1,000
Rhenium-188m 1,000 Thallium-197 1,000
Rhenium-188 100 Thallium-198m 1,000
Rhenium-189 100 Thallium-198 1,000
Osmium-180 1,000 Thallium-199 1,000
Osmium-181 1,000 Thallium-200 1,000
Osmium-182 100 Thallium-201 1,000
Osmium-185 100 Thallium-202 100
Osmium-189m 1,000 Thallium-204 100
Osmium-191 m 1,000 Lead-195m 1,000
Osmium-191 100 Lead-198 1,000
Osmium-193 100 Lead-199 1,000
Osmium-194 1 Lead-200 100
Iridium-182 1,000 Lead-201 1,000
Iridium-184 1,000 Lead-202m 1,000
Iridium-185 1,000 Lead-202 10
Iridium-186 100 Lead-203 1,000
Iridium-187 1,000 Lead-205 100
Iridium-188 100 Lead-209 1,000
Iridium-189 100 Lead-21a 0.01
Iridium-190m 1,000 Lead-211 100
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Radionuclide Quantity Radionuclide Quantity
WCi) '. (!JCi) 'a

Lead-212 1 Uranium-238 100
Lead-214 100 Uranium-239 1,000
Bismuth-200 1,000 Uranium-240 100
Bismuth-201 1,000 Uranium-natural 100
Bismuth-202 1,000 Neptunium-232 100
Bismuth-203 100 Neptunium-233 1,000
Bismuth-205 100 Neptunium-234 100
Bismuth-206 100 Neptunium-235 100
Bismuth-207 10 Neptunium-236 0.001
Bismuth-210m 0.1 (1.15E+5)
Bismuth-210 1 Neptunium-236 (22.5h) 1
Bismuth-212 10 Neptunium-237 0.001
Bismuth-213 10 Neptunium-238 10
Bismuth-214 100 Neptunium-239 100
Polonium-203 1,000 Neptunium-240 1,000
Polonium-205 1,000 Plutonium-234 10
Polonium-207 1,000 Plutonium-235 1,000
Polonium-210 0.1 Plutonium-236 0.001
Astatine-207 100 Plutonium-237 100
Astatine-211 10 Plutonium-238 0.001
Radon-220 1 Plutonium-239 0.001
Radon-222 1 Plutonium-240 0.001
Francium-222 100 Plutonium-241 0.01
Francium-223 100 Plutonium-242 0.001
Radium-223 0.1 Plutonium-243 1,000
Radium-224 0.1 Plutonium-244 0.001
Radium-225 0.1 Plutonium-245 100
Radium-226 0.1 Americium-237 1,000
Radium-227 1,000 Americium-238 100
Radium-228 0.1 Americium-239 1,000
Actinium-224 1 Americium-240 100
Actinium-225 0.01 Americium-241 0.001
Actinium-226 0.1 Americium-242m 0.001
Actinium-227 0.001 Americium-242 10
Actinium-228 1 Americium-243 0.001
Thorium-226 10 Americium-244m 100
Thorium-227 0.01 Americium-244 10
Thorium-228 0.001 Americium-245 1,000
Thorium-229 0.001 Americium-246m 1,000
Thorium-230 0.001 Americium-246 1,000
Thorium-231 100 Curium-238 100
Thorium-232 100 Curium-240 0.1
Thorium-234 10 Curium-241 1
Thorium-natural 100 Curium-242 0.01
Protactinium-227 10 Curium-243 0.001
Protactinium-228 1 Curium-244 0.001
Protactinium-230 0.1 Curium-245 0.001
Protactinium-231 0.001 Curium-246 0.001
Protactinium-232 1 Curium-247 0.001
Protactinium-233 100 Curium-248 0.001
Protactinium-234 100 Curium-249 1,000
Uranium-230 0.01 Berkelium-245 100
Uranium-231 100 Berkelium-246 100
Uranium-232 0.001 Berkelium-247 0.001
Uranium-233 0.001 Berkelium-249 0.1
Uranium-234 0.001 Berkelium-250 10
Uranium-235 0.001 Californium-244 100
Uranium-236 0.001 Californium-246 1
Uranium-237 100 Californium-248 0.01
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Radionuclide

Californium-249
Californium-250
Californium-251
Californium-252
Californium-253
Californium-254
Einsteinium-250
Einsteinium-250
Einsteinium-251
Einsteinium-253
Einsteinium-254m
Einsteinium-254
Fermium-252
Fermium-253
Fermium-254
Fermium-255
Fermium-257
Mendelevium-257
Mendelevium-258
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Quantity
(!Jei) -a

0.001
0.001
0.001
0.001
0.1
0.001
100
100
100
0.1
1
0.01
1
1
10
1
0.01
10
0.01
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Radionuclide

Any alpha-emitting
radionuclide not listed
above or mixtures of
alpha emitters of
unknown composition

Quantity
(fJCi) -.

0.001

Radionuclide

Any radionuclide other
than alpha emilling
radionuclides not listed
above, or mixtures of
beta emillers of
unknown composition

Quantity
(fJCi) -.

0.01

• The quantities listed above were derived by taking 1/10 of the most restrictive ALI listed in Table 1 Columns 1
and 2 of Schedule RHS 8-30 of this chapter, rounding to the nearest factor of 10, and arbitrarily constraining the
values listed between 0.001 and 1,000 fJCi (37 Bq and 37 MBq). Values of 100 fJCi (3.7 MBq) have been
assigned for radionuclides having a radioactive half-life in excess of 109 years, except rhenium, 1,000 fJCi (37
MBq), to take into account their low specific activity.

NOTE: For purposes of 1::!QQ Q::! Q5 .111 Rules 0400-20-02-.111, 1::!QQ Q::! Q5 .1140400-20-05-.114, and~
Q::! Q5 .14Q 0400-20-05-.140, where there is involved a combination of radionuclides in known amounts, the limit
for the combination shall be derived as follows: determine, for each radionuclide in the combination, the ratio
between the quantity present in the combination and the limit otherwise established for the specific radionuclide
when not in combination. The sum of such ratios for all radionuclides in the combination may not exceed "1" ­
that is, unity.

SCHEDULE RHS 8-32
ASSIGNED PROTECTION FACTORS FOR RESPIRATORS'

Assigned
Operating Mode C Protection

Factors
I. Air-Purifying Respirators [Particulate 0

only) c:

Filtering facepiece disposable 0 Negative Pressure (0)
Facepiece, half e Negative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air-purifying respirators 50
Facepiece, full Powered air-purifying respirators 1000
HelmeVhood Powered air-purifying respirators 1000
Facepiece, loose-fitting Powered air-purifying respirators 25

II. Atmosphere-Supplying Respirators
[Particulate, gases and vapors 'J:

1. Air-line respirator:
Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
HelmeVhood Continuous Flow 1000
Facepiece, loose-fitting Continuous Flow 25
Suit Continuous Flow (Q)

2. Self-contained breathing
apparatus (SCBA):

" 100Facepiece, full Demand
Facepiece, full Pressure Demand ' 10,000
Facepiece, full Demand, Recirculating " 100
Facepiece, full

Positive Pressure Recirculating 1 10,000

'a To Convert pCi to KBq, multiply the pCi value by 37,
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Assigned protection factor for type and mode of
o eration as listed above

a These assigned protection factors apply only in a respiratory protection program that meets the
requirements of this chapter. They are applicable only to airborne radiological hazards and may not be
appropriate to circumstances when chemical or other respiratory hazards exist instead of, or in addition
to, radioactive hazards. Selection and use of respirators for such circumstances must also comply with U.
S. Department of Labor regulations. Radioactive contaminants for which the concentration values in
Table 1, Column 3 of schedule RHS 8-32 in this rule 1299 92 9§ .191 are based on internal dose due to
inhalation may, in addition, present external exposure hazards at higher concentrations. Under these
circumstances, limitations on occupancy may have to be governed by external dose limits.

b Air purifying respirators with APF <100 shall be equipped with particulate filters that are at least 95
percent~ efficient. Air purifying respirators with APF = 100 shall be equipped with particulate filters
that are at least 99 percent fB9%t efficient. Air purifying respirators with APFs >100 shall be equipped
with particulate filters that are at least 99.97 percent (99.97%) efficient.

c The licensee may apply to the Division for the use of an APF greater than 1 for sorbent cartridges as
protection against airborne radioactive gases and vapors (e.g., radioiodine).

d Licensees may permit individuals to use this type of respirator who have not been medically screened or
fit tested on the device provided that no credit be taken for their use in estimating intake or dose. It is
also recognized that it is difficult to perform an effective positive or negative pressure pre-use user seal
check on this type of device. All other respiratory protection program requirements listed in Rule~
92 95 .92 0400-20-05-.92 apply. An assigned protection factor has not been assigned for these devices.
However, an APF equal to 10 may be used if the licensee can demonstrate a fit factor of at least 100 by
use of a validated or evaluated, qualitative or quantitative fit test.

e Under-chin type only. No distinction is made in this Schedule between elastomeric half-masks with
replaceable cartridges and those designed with the filter medium as an integral part of the facepiece (e.g.,
disposable or reusable disposable). Both types are acceptable so long as the seal area of the latter
contains some substantial type of seal-enhancing material such as rubber or plastic, the two or more
suspension straps are adjustable, the filter medium is at least 95 percent~ efficient and all other
requirements of this chapter are met.

f The assigned protection factors for gases and vapors are not applicable to radioactive contaminants that
present an absorption or submersion hazard. For tritium oxide vapor, approximately one-third of the
intake occurs by absorption through the skin so that an overall protection factor of 3 is appropriate when
atmosphere-supplying respirators are used to protect against tritium oxide. Exposure to radioactive noble
gases is not considered a significant respiratory hazard, and protective actions for these contaminants
should be based on external (submersion) dose considerations.

g No NIOSH approval schedule is currently available for atmosphere supplying suits. This equipment may
be used in an acceptable respiratory protection program as long as all the other minimum program
requirements, with the exception of fit testing, are met (i.e., Rule 12999295.920400-20-05-.92).

h The licensee should implement institutional controls to assure that these devices are not used in areas
immediately dangerous to life or health (IDLH).

This type of respirator may be used as an emergency device in unknown concentrations for protection
against inhalation hazards. External radiation hazards and other limitations to permitted exposure such
as skin absorption shall be taken into account in these circumstances. This device may not be used by
any individual who experiences perceptible outward leakage of breathing gas while wearing the device.

SCHEDULE RHS 8-33
REQUIREMENTS FOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE

FOR DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

I. Manifest.

A waste generator, collector, or processor who transports, or offers for transportation, low-level radioactive waste
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intended for ultimate disposal at a licensed low-level radioactive waste land disposal facility shall prepare a
manifest. The manifest shall contain the information requested on applicable NRC Forms 540 (Uniform Low­
Level Radioactive Waste Manifest (Shipping Paper)) and 541 (Uniform Low-Level Radioactive Waste Manifest
(Container and Waste Description)) and, if necessary, on an applicable NRC Form 542 (Uniform Low-Level
Radioactive Waste Manifest (Manifest Index and Regional Compact Tabulation)). NRC Forms 540 and 540A
shall be completed and shall physically accompany the pertinent low-level waste shipment. Upon agreement
between shipper and consignee, NRC Forms 541 and 541A and 542 and 542A may be completed, transmitted
and stored in electronic media with the capability for producing legible, accurate and complete records of the
respective forms. Licensees are not required to comply with the manifesting requirements of this rule when they
ship:

1. LLW for processing and expect its return (i.e., for storage under their license) prior to disposal at a
licensed land disposal facility;

2. LLW that is being returned to the licensee who is the "waste generator" or "generator," as defined in this
rule; or

3. Radioactively contaminated material to a '''waste processor" that becomes the processor's "residual
waste."

For guidance in completing these forms, refer to the instructions that accompany the forms. Copies of manifests
required by this appendix may be legible carbon copies, photocopies or computer printouts that reproduce the
data in the format of the uniform manifest.

NRC Forms 540, 540A, 541, 541A, 542 and 542A and the accompanying instructions, in hard copy, may be
obtained from the Information and Records Management Branch, Office of Information Resources Management,
U.S. Nuclear Regulatory Commission, Washington, DC 20555, telephone (301) 415-7232.

This appendix includes information requirements of the Department of Transportation, as codified in 49 CFR part
172. Information on hazardous, medical, or other waste, required to meet Environmental Protection Agency
regulations, as codified in 40 CFR parts 259, 261 or elsewhere, is not addressed in this seGtieA rule and must be
prOVided on the required EPA forms. However, the required EPA forms shall accompany the Uniform Low-Level
Radioactive Waste Manifest required by this chapter.

As used in this appendix, the following definitions apply:

1. "Chelating agenf' has the same meaning as that given in Rule 12QQ Q2 11 .Qd 0400-20-11-.03.

2. "Chemical description" means a description of the principal chemical characteristics of a low-level
radioactive waste.

3. "Computer-readable medium" means that the regulatory agency's computer can transfer the information
from the medium into its memory.

4. "Consignee" means the designated receiver of the shipment of low-level radioactive waste.

5. "Decontamination facility" means a facility operating under a license issued by the Division, the U.S.
Nuclear Regulatory Commission, or another Agreement State, whose principal purpose is
decontamination of equipment or materials to accomplish recycle, reuse or other waste management
objectives and, for purposes of this rule, is not considered to be a consignee for LLW shipments.

6. "Disposal container" means a container principally used to confine low-level radioactive waste during
disposal operations at a land disposal facility (also see "high integrity container"). Note that for some
shipments, the disposal container may be the transport package.

7. "EPA identification number" means the number received by a transporter following application to the
Administrator of EPA as required by 40 CFR 263.

8. "Generator" means a licensee operating under a license issued by the Division, the U.S. Nuclear
Regulatory Commission, or another Agreement State who:
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a. Is a waste generator as defined in this rule, or

b. Is the licensee to whom waste can be attributed within the context of the Low-Level Radioactive
Waste Policy Amendments Act of 1985 (e.g., waste generated as a result of decontamination or
recycle activities).

9. "High integrity container" (HIC) means a container commonly designed to meet the structural stability
requirements of paragraph (7) of Rule 12QQ Q2 11 .17(7) 0400-20-11-.17 and to meet Department of
Transportation requirements for a Type A package.

10. "Land disposal facility" has the same meaning as that given in Rule 12QQ Q2 11 .Q3 0400-20-11-.03.

11. "NRC Forms 540, 540A, 541, 541A, 542 and 542A" means official NRC Forms referenced in this
appendix. Licensees need not use originals of these NRC Forms as long as any substitute forms are
equivalent to the original documentation in respect to content, clarity, size and location of information.
Upon agreement between the shipper and consignee, NRC Forms 541 (and 541A) and NRC Forms 542
(and 542A) may be compieted, transmitted and stored in electronic media. The electronic media shall
have the capability for producing legible, accurate and complete records in the format of the uniform
manifest.

12. "Package" means the assembly of components necessary to ensure compliance with the packaging
requirements of U.S. DOT regulations, together with its radioactive contents, as presented for transport.

13. "Physical description" means the items calied for on NRC Form 541 to describe a low-level radioactive
waste.

14. "Residual waste" means low-level radioactive waste resulting from processing or decontamination
activities that cannot be easily separated into distinct batches attributable to specific waste generators.
This waste is attributable to the processor or decontamination facility, as applicable.

15. "Shipper" means the licensed entity (i.e., the waste generator, waste coliector, or waste processor) who
offers low-level radioactive waste for transportation, typically consigning this type of waste to a licensed
waste coliector, waste processor, or land disposal facility operator.

16. "Shipping paper' means NRC Form 540 and, if required, NRC Form 540A which includes the information
required by U.S. DOT in 49 CFR 172.

17. "Source material" has the same meaning as that given in 6~lJpara9raph 12QQ Q2 Q5 .J2 Rule 0400-20-05­
.32.

18. "Special nuclear material" has the same meaning as that given in T.CA §68-202-202(1).

19. "Uniform Low-Level Radioactive Waste Manifest" (or "uniform manifest") means the combination of NRC
Forms 540, 541 and, if necessary, 542 and their respective continuation sheets as needed, or equivalent.

20. "Waste coliector" means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, whose principal purpose is to collect and consolidate waste generated by
others and to transfer this waste, without processing or repackaging the coliected waste, to another
licensed waste collector, licensed waste processor or licensed land disposal facility.

21. "Waste description" means the physical, chemical and radiological description of a low-level radioactive
waste as calied for on NRC Form 541.

22. "Waste generator" means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, who:

a. Possesses any material or component that contains radioactivity or is radioactively contaminated
for which the licensee foresees no further use, and:

b. Transfers this material or component to a licensed land disposal facility or to a licensed waste
coliector or processor for handling or treatment before disposal. A licensee performing
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processing or decontamination services may be a "waste generator" if the transfer of low-level
radioactive waste from its facility is defined as "residual waste."

23. "Waste processor" means an entity, operating under a license issued by the Division, the U.S. NRC or
another Agreement State, whose principal purpose is to process, repackage or otherwise treat low-level
radioactive material or waste generated by others before eventual transfer of waste to a licensed low­
level radioactive waste land disposal facility.

24. "Waste type" means a waste within a disposal container having a unique physical description (i.e., a
specific waste descriptor code or description; or a waste sorbed on or solidified in a specifically defined
media).

Information Requirements

A. General Information

The shipper of the radioactive waste shall provide the following information on the uniform manifest:

1. The name, facility address and telephone number of the licensee shipping the waste.

2. An explicit declaration indicating whether the shipper is acting as a waste generator, collector,
processor, or a combination of these identifiers for the purposes of the manifested shipment; and

3. The name, address and telephone number, or the name and U.S. EPA hazardous waste
identification number for the carrier transporting the waste to the land disposal facility.

B. Shipment Information

The shipper of the radioactive waste shall provide the following information regarding the waste shipment on the
uniform manifest:

1. The date of the waste shipment;

2. The total number of packages/disposal containers;

3. The total disposal volume and disposal weight in the shipments;

4. The total radionuclide activity in the shipment;

5. The activity of each of the radionuclides H-3, C-14, Tc-99, and 1-129 contained in the shipment;
and

6. The total masses of U-233, U-235, and plutonium in special nuclear material, and the total mass
of uranium and thorium in source material.

C. Disposal Container and Waste Information.

The shipper of the radioactive waste shall provide the following information on the uniform manifest regarding the
waste and each disposal container of waste in the shipment:

1. An alphabetic or numeric identification that uniquely identifies each disposal container in the
shipment;

2. A physical description of the disposal container, including the manufacturer and model of any
high integrity container;

3. The volume displaced by the disposal container;

4. The gross weight of the disposal container, including the waste;

5. For waste consigned to a disposal facility, the maximum radiation level at the surface of each
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disposal container;

6. A physical and chemical description of the waste;

7. The total weight percentage of chelating agent for any waste containing more than BAB IBAlil Bf
BAB fJBFGBAI 0.19/0 percent chelating agent by weight, plus the identity of the principal chelating
agent;

8. The approximate volume of waste within a container;

9. The sorbing or solidification media, if any, and the identity of the solidification media vendor and
brand name;

10. The identities and activities of individual radionuclides contained in each container, the masses of
U-233, U-235 and plutonium in special nuclear material, and the masses of uranium and thorium
in source material. For discrete waste types (i.e., activated materials, contaminated equipment,
mechanical filters, sealed source/devices and wastes in solidification/stabilization media), the
identities and activities of individual radionuclides associated with or contained on these waste
types within a disposal container shall be reported;

11. The total radioactivity within each container; and

12. For wastes consigned to a disposal facility, the classification of the waste under paragraph (6) of
12QQ Q2 11 .17(e) Rule 0400-20-11-.17. Waste not meeting the structural stability requirements
of subparagraph (7Ub) of 12QQ Q2 11 .17(7){1l) Rule 0400-20-11-.17 shall be identified.

D. Uncontainerized Waste Information.

The shipper of the radioactive waste shall provide the following information on the uniform manifest regarding a
waste shipment delivered without a disposal container:

1. The approximate volume and weight of the waste;

2. A physical and chemical description of the waste; .

3. The total weight percentage of chelaling agent if the chelating agent exceeds 0.1 % by weight,
plus the identity of the principal chelating agent;

4. For waste consigned to a disposal facility, the classification of the waste under paragraph (6) of
12QQ Q2 11 .17(e) Rule 0400-20-11-.17. Waste not meeting the structural stability requirements
of subparagraph C7Ub) of 12QQ Q2 11 .17(7){1l) Rule 0400-20-11-.17 shall be identified;

5. The identities and activities of individual radionuclides contained in the waste, the masses of U­
233, U-235 and plutonium in special nuclear material, and the masses of uranium and thorium in
source material; and

6. For wastes consigned to a disposal facility, the maximum radiation levels at the surface of the
waste.

E. Multi-Generator Disposal Container Information.

This section applies to disposal containers enclosing mixtures of waste originating from different generators.
(Note: The origin of the LLW resulting from a processor's activities may be attributable to one or more
"generators" (including "waste generators") as defined in this rule). It also applies to mixtures of wastes shipped
in an uncontainerized form, for which portions of the mixture within the shipment originate from different
generators.

1. For homogeneous mixtures of waste, such as incinerator ash, provide the waste description applicable to
the mixture and the volume of the waste attributed to each generator.

2. For heterogeneous mixtures of waste, sLich as the combined products from a large compactor, identify
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each generator contributing waste to the disposal container and, for discrete waste types (i.e., activated
materials, contaminated equipment, mechanical filters, sealed source/devices and wastes in
solidification/stabilization media), the identities and activities of individual radionuclides contained on
these waste types within the disposal container. For each generator, provide the following:

a. The volume of waste within the disposal container;

b. A physical and chemical description of the waste, including the solidification agent, if any;

c. The total weight percentage of chelating agents for any disposal container containing more than
aRe laRlh at aRe perGeRl 0.1.0/0 percent chelating agent by weight, plus the identity of the principal
chelating agent;

d. The sorbing or solidification media, if any, and the identity of the solidification media vendor and
brand name if the media is claimed to meet stability requirements in subparagraph (7l1b) of~
Q2 11 .17(7)(9) Rule 0400-20-11-.17; and

e. Radionuclide identities and activities contained in the waste, the masses of U-233, U-235 and
plutonium in special nuclear material, and the masses of uranium and thorium in source material
if contained in the waste.

II. Certification.

An authorized representative of the waste generator, processor, or collector shall certify by signing and dating the
shipment manifest that the transported materials are properly classified, described, packaged, marked and
labeled and are in proper condition for transportation according to the applicable regulations of the U.S.
Department of Transportation, the U.S. Nuclear Regulatory Commission and the Division of Radiological Health.
A collector, in signing the certification, is certifying that nothing has been done to the collected waste that would
invalidate the waste generator's certification.

III. Control and Tracking.

A. Any licensee who transfers radioactive waste to a land disposal facility or a licensed waste collector shall
comply with the requirements in paragraphs A.1 through 9 of this section. Any licensee who transfers
waste to a licensed waste processor for waste treatment or repackaging shall comply with the
requirements of paragraphs A.4 through 9 of this section. A licensee shall:

1. Prepare all waste so that the waste is classified according to paragraph (6) of 12QQ Q2 11 .17(6)
Rule 0400-20-11-.17 and meets the waste characteristics requirements in paragraph (7) of~
Q2 11 .17(7) Rule 0400-20-11-.17;

2. Label each disposal container (or transport package if potential radiation hazards preclude
labeling of the individual disposal container) of waste to identify whether it is Class A waste, Class
B waste, Class C waste or greater than Class C waste, in accordance with paragraph (6) of~
Q2 11 .17(6) Rule 0400-20-11-.17;

3. Conduct a quality assurance program to assure compliance with paragraphs (6) and (7) of~
Q2 11.17(6) aRe paragraph 12QQ Q2 11.17(7) Rule 0400-20-11-.17 (the program shall include
management evaluation of audits);

4. Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required by this appendix;

5. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.
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6 Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in part 5 of this sUbparagraph;

7. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

8. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 12QQ Q2 1Q 0400-20-10; and

9. For any shipments or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
J)afa!jfaJ)R Section III.E. of this aJ)J)endix Schedule.

B. Any waste collector licensee who handles only prepackaged waste shall:

1. Acknowledge receipt of the waste from the shipper within one week of receipt by returning a
signed copy of NRC Form 540;

2. Prepare a new manifest to reflect consolidated shipments that meet the requirements of this
appendix. The waste collector shall ensure that, for each container of waste in the shipment, the
manifest identifies the generator of that container of waste;

3. Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the LLW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c Using both fij iL and \lit b. is also acceptable;

4. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in part 3 of this subparagraph;

5. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

6. Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 12QQ Q2 1Q 0400-20-10;

7. For any shipments or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
J)afa!jfaJ)R Section III.E. of this aJ)J)endix Schedule; and

8 Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

C. Any licensed waste processor who treats or repackages waste shall:

1. Acknowledge receipt of the waste from the shipper within GRe 1 week of receipt by returning a
signed copy of NRC Form 540;

2. Prepare a new manifest that meets the requirements of this appendix. Preparation of the new
manifest reflects that the processor is responsible for meeting these requirements. For each
container of waste in the shipment, the manifest shall identify the waste generators, the
preprocessed waste volume and the other information required in J)afa!jfaJ)R Section I. E. of this
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Schedule;

3. Prepare all waste so that the waste is classified according to paragraph (6) of 1299 92 11 .17(6)
Rule 0400-20-11-.17 and meets the waste characteristics requirements in paragraph (7) of~
92 11 .17(7) Rule 0400-20-11-.17;

4. label each package of waste to identify whether it is Class A waste, Class B waste, or Class C
waste, in accordance with paragraph§.@} 12999211 .17(6) and 1299 9211 .17(8) of Rule 0400­
20-11-.17;

5. Conduct a quality assurance program to assure compliance with paragraph§. @} 1299 92 11
~ and flafagfafl~ 12999211.17(7) of Rule 0400-20-11-.17 (the program shall include
management evaluation of audits);

6. Forward a copy or electronically transfer the Uniform low-level Radioactive Waste Manifest to
the intended consignee so that either:

a. Receipt of the manifest precedes the llW shipment, or

b. The manifest is delivered to the consignee with the waste at the time the waste is
transferred to the consignee.

c. Using both (4 l!. and W!L is also acceptable;

7. Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless of the
option chosen in flafagfafl~ Subsection III.C.6 of this s9stisR Schedule;

8. Receive acknowledgement of the receipt of the shipment in the form of a signed copy of NRC
Form 540;

9. Retain a copy of or electronically store the Uniform low-level Radioactive Waste Manifest and
documentation of acknowledgement of receipt as the record of transfer of licensed material as
required by Chapter 1299 92 190400-20-10;

10. For any shipment or any part of a shipment for which acknowledgement of receipt has not been
received within the times set forth in this appendix, conduct an investigation in accordance with
flafagfafl~ Section III.E. of this aflfl9Rdi* Schedule; and

11. Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

D. The land disposal facility operator shall:

1. Acknowiedge receipt of the waste within eRe 1 week of receipt by returning, as a minimum, a
signed copy of NRC Form 540 to the shipper. The shipper to be notified is the licensee who last
possessed the waste and transferred the waste to the operator. If any discrepancy exists
between materials listed on the Uniform low-level Radioactive Waste Manifest and materials
received, copies or electronic transfer of the affected forms must be returned indicating the
discrepancy;

2. Maintain copies of all completed manifests and electronically store the information required by
paragraph ill...Qf 1299 9211.19(1) Rule 0400-20-11-.19 until the Division terminates the license;
and

3. Notify the shipper and the Director, Division of Radiological Health, when any shipment, or part of
a shipment, has not arrived within 60 days after receipt of an advance manifest, unless notified by
the shipper that the shipment has been cancelled.

E. Any shipment or part of a shipment for which acknowledgement is not received within the times set forth
in this section shall:
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1. Be investigated by the shipper if the shipper has not received notification or receipt within 20 days
after transfer; and

2. Be traced and reported. The investigation shall include tracing the shipment and filing a report
with the Director, Division of Radiological Health, at the address given in Rule 12QQ Q2 Q4 .Q7
0400-20-04-.07. Each licensee who conducts a trace investigation shall file a written report with
the Division within twG 2 weeks of completion of the investigation.

Authority: T.GA §§ 68-202-101 et seq., 68-202-201 et seq. and 4-5-201 et seq

12QQ Q2 Q5 .192 0400-20-05-.162 Type X Quantities and Transport Groups.

(1) Transport group as used in this rule means anyone of seven groups into which radionuclides in normal
form are classified, according to their toxicity and their relative potential hazard in transport, in Table RHS
2-3.

(a) Any radionuclide, not specifically listed in one of the groups in Table RHS 2-3 shall be assigned
to one of the groups in accordance with Table RHS 2-2.

(b) For mixtures of radionuclides the following shall apply:

1. If the identity and respective activity of each radionuclide are known, the permissible
activity of each radionuclide shall be such that the sum, for all groups present, of the ratio
between the total activity for each group to the permissible activity for each group will not
be greater than unity.

2. If the groups of the radionuclides are known, but the activity in each group cannot be
reasonably determined, the mixture shall be assigned to the most restrictive group
present.

3. If the identity of all or some of the radionuclides cannot be reasonably determined, each
of the unidentified radionuclides shall be considered as belonging to the most restrictive
group that cannot be positively excluded.

4. Mixtures consisting of a single radioactive decay chain where the radionuclides are in the
naturally occurring proportions shall be considered as consisting of a single radionuclide.
The group and activity shall be that of the first member present in the chain, except that if
a radionuclide "x" has a half-life longer than that of the first member and an activity
greater than that of any other member, including the first, at any time during
transportation, the group of the nuclide "x" and the activity of the mixture shall be the
maximum activity of that nuclide "x" during transportation.

TABLE RHS 2-1
TYPE X QUANTITIES

Transport
Grou
I
II
III
iV
V
VI
VII
Special Form

TABLE RHS 2-2
Radioactive half-life
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Radionuclide
Oto 1,000
days

1,000 days to one
million years

over one
million years

Atomic
Number 1-81
Atomic
Number 82 and
Over

Group III

Group I

Group II

Group I

Group III

Group III

Argon (18)

Arsenic (33)

Cesium (55)

Calcium (20)

Americium (95)

Antimony (51)

Bromine (35)
Cadmium (48)

Berkelium (97)
Beryllium (4)
Bismuth (83)

Astatine (85)
Barium (56)

Carbon (6)
Cerium (58)

Californium (98)

Chlorine (17)

TABLE RHS 2-3 TRANSPORT GROUPING OF RADIONUCLIDES

:I~~~nt=:::~-~:~~,"- ·_== RacrfOnuclidi~-==:=:=-==:·G'roUr>~~=:===:::=::
Actinium (89) Ac-227 I

Ac-228 I
Am-241 I
Am-243 I
Sb-122 IV
Sb-124 III
Sb-125 III
Ar-37 VI
Ar--41 II
Ar--41 (uncompressed) V
As-73 IV
As-74 IV
As-76 IV
As-77 IV
At-211 III
Ba-131 IV
Ba~n II
Ba-140 III
Bk-249 I
Be-7 IV
Bi-206 IV
Bi-207 III
Bi-210 II
Bi-212 III
Br-82 IV
Cd-109 IV
Cd-115 m III
Cd-115 IV
Ca--45 IV
Ca--47 IV
Cf-249 I
Cf-250 I
Cf-252 I
C-14 IV
Ce-141 IV
Ce-143 IV
Ce-144 III
Cs-131 IV
Cs-134 m III
Cs-134 III
Cs-135 IV
Cs-136 IV
Cs-137 III
CI-36 III
CI-38 IV
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••~tomic number shown in parentheses.

Atomic weight shown after the radionuclide symbol.

Uncompressed means at a pressure not exceeding one atmosphere.

m Metastable State.
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--_._.•.__ .._.-.__._--- - ---,-,---_._-~.

. . ....I3.<l.cJi(:mu.cli(j~__.___ ..__..._~.9rouj)
Chromium (24) Cr-51 IV
Cobalt (27) Co-56 III

Co-57 IV
Co-58 m IV
Co-58 IV
Co-60 III

Copper (29) Cu-<J4 IV
Curium (96) Cm-242 I

Cm-243 I
Cm-244 I
Cm-245 I
Cm-246 I

Dysprosium (66) Dy-154 III
Dy-165 IV
Dy-166 IV

Erbium (68) Er-169 IV
Er-171 IV

Europium (63) Eu-130 III
Eu-152m IV
Eu-152 III
Eu-154 II
Eu-155 IV

Fluorine (9) F-18 IV
Gadolinium (64) Gd-153 IV

Gd-159 IV
Gallium (31) Ga-67 III

Ga-72 IV
Germanium (32) Ge-71 IV
Gold (79) Au-193 III

Au-194 III
Au-195 III

Au-196 IV
Au-198 IV
Au-199 IV

Hafnium (72) Hf-181 IV
Holmium (67) Ho-166 IV
Hydrogen (1) H-3 (see tritium)
Indium (49) In-113 m IV

In-114 m III

In-115 m IV
In-115 IV

Iodine (53) 1-124 IV
1-125 III

1-126 III

1-129 III

1-131 III

1-132 IV
1-133 III

1-134 IV
1-135 IV

Iridium (77) Ir-190 IV
Ir-192 III

Ir-194 IV
Iron (26) Fe-55 IV

Fe-59 IV
Kr-85 m III

m Metastable State.
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Mo-99
Nd-147
Nd-149
Np-237
Np-239
Ni-56
Ni-59
Ni-63
Ni-65
Nb-93 m

Nb-95
Nb-97
Os-185
Os-191 m

Os-191
Os-193
Pd-103
Pd-109
P-32
Pt-191
Pt-193
Pt-193 m
Pt-197 m

Pt-197
Pu-238 1F1

Pu-239(FI
Pu-240
Pu-241 1F1

Pu-242
Po-210
K-42
1<-43
Pr-142
Pr-143
Pm-147
Pm-149
Pa-230
Pa-231

Mercury (80)

Lanthanum (57)
Lead (82)

Niobium (41)

Neptunium (93)

Mixed fission products (MFP)
Molybdenum (42)
Neodymium (60)

Lutetium (71)

Magnesium (12)
Manganese (25)

Osmium (76)

Praseodymium (59)

Palladium (46)

Phosphorus (15)
Platinum (78)

Nickel (28)

Polonium (84)
Potassium (19)

Plutonium (94)

Protactinium (91)

Promethium (61)

~~iElri1EJrir"~ :~~~=~"~::::=~~:==Ra(j;o;;uclid~"~=-=--====--===:=::G roui~~""=c~~""~"~
Kr-85 m (uncompressed)" V - - --~------~--- -

Kr-85 III
Kr-85 (uncompressed) II
Kr-87 (uncompressed) V
La-140 IV
Pb-203 IV
Pb-210 II
Pb-212 II
Lu-172 IV
Lu-177 IV
Mg-28 IV
Mn-52 IV
Mn-54 IV
Mn-56 IV
Hg-197 m IV
Hg-197 IV
Hg-203 IV

II
IV
IV
IV
I
I
III
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
I
IV
IV
I
I
I
I
I
I
IV
III
IV
IV
IV
IV
I
I
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., Uncompressed means at a pressure not exceeding one atmosphere.
m Metastable State.
(F) Fissile material.
(F) Fissile material.
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Pa-233 1/

Radium (88) Ra-223 1/

Ra-224 II
Ra-226 I
Ra-228 I

Radon (86) Rn-220 IV
Rn-222 1/

Rhenium (75) Re-183 IV
Re-186 IV
Re-187 IV
Re-188 IV
Re Natural IV

Rhodium (45) Rh-103 m IV
Rh-105 IV

Rubidium (37) Rb-86 IV
Rb-87 IV
Rb Natural IV

Ruthenium (44) Ru-97 IV
Ru-103 IV
Ru-105 IV
Ru-106 1/1

Samarium (62) Sm-145 1/1

Sm-147 1/1

Sm-151 IV
Sm-153 IV

Scandium (21) Sc-46 1/1

Sc-47 IV
Sc-48 IV

Selenium (34) Se-75 IV
Silicon (14) Si-31 IV
Silver (47) Ag-105 IV

Ag-110 m 1/1

Ag-111 IV
Sodium (11) Na-22 1/1

Na-24 IV
Strontium (38) Sr-85 m IV

Sr-85 IV
Sr-89 II/
Sr-90 1/

Sr-91 1/1

Sr-92 IV
Sulfur (16) S-35 IV
Tantalum (73) Ta-182 II/
Technetium (43) Tc_96 'O IV

Tc-96 IV
Tc-97 m IV
Tc-97 IV
Tc-99 m IV
Tc-99 IV

Tellurium (52) Te-125 m IV
Te-127 m IV
Te-127 IV
Te-129 m II/
Te-129 IV
Te-131 m 1/1

Te-132 IV
Terbium Tb-160 1/1

m Metastable State.
10 Metasable State
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VII
IV
IV
IV
II
I
II
II
III

II
III

III

III

III

IV
III

III

III

V
III

VI
II
V
IV
III

IV
III

III

IV
IV
IV
IV
IV
IV
IV
III

Tritium (1)

Tin (50)

Thulium (69)

Ytterbium (70)
Yttrium (39)

Zinc (30)

Uranium (92)

Thorium (90)

Xenon (54)

Zirconium (40)

Vanadium (23)

Tungsten (74)

:Ii~i!l~;;y~~=~===~~=":o~oo:=::_==F{adiOn~uclLcreo==:-==o-::-:-:----o-:G:r~up~=-~::-==:=::-
Thallium (81) TI-200 IV

TI-201 IV
TI-202 IV
TI-204 III

Th-227 II
Th-228 I
Th-230 I
Th-231 I
Th-232 III

Th-234 II
Th Natural III

Tm-168 III

Tm-170 III

Tm-171 IV
Sn-113 IV
Sn-117 m III

Sn-121 III

Sn-125 IV
H-3 IV
H-3 (as a gas, as luminous paint,
or absorbed on solid material)
W-181
W-185
W-187
U-230
U-232
U-233 IF)

U-234
U-235 (F)
U-236
U-238
U Natural
U Enriched IF)

U Depleted
V-48
V-49
Xe-125
Xe-131 m

Xe-131 m (uncompressed)"
Xe-133
Xe-133 (uncompressed)
Xe-135
Xe-135 (uncompressed)
Yb-175
Y-88
Y-90
Y-91 m

Y-91
Y-92
Y-93
Zn-65
Zn-69 m

Zn-68
Zn-69
Zr-93
Zr-95
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{f) Fissile material.
.. Uncompressed means at a pressure not exceeding one atmosphere.
m Metastable State.
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Element Radionuclide
Zr-97

..
Grou
IV

Authority: T.C.A. §§ 68-202-201 et seq. and 4-5-201 et seq.

12CJCJ CJ2 CJ5 .103 0400-20-05-.163 Reports of Transactions Involving Nationally Tracked Sources.

Each licensee who manufactures, transfers, receives, disassembles, or disposes of a nationally tracked source
shall complete and submit to the NRC a National Source Tracking Transaction Report as specified in paragraphs
(1) through (5) of this rule for each type of transaction.

(1) Each licensee who manufactures a nationally tracked source shall complete and submit a National
Source Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The manufacturer, model, and serial number of the source;

(d) The radioactive material in the source;

(e) The initial source strength in becquerels (curies) at the time of manufacture; and

(f) The manufacture date of the source.

(2) Each licensee that transfers a nationally tracked source to another person shall complete and submit a
National Source Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The name and license number of the recipient facility and the shipping address;

(d) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(e) The radioactive material in the source;

(f) The initial or current source strength in becquerels (curies);

(g) The date for which the source strength is reported;

(h) The shipping date;

(i) The estimated arrivai date; and

U) For nationally tracked sources transferred as waste under a Uniform Low-Level Radioactive
Waste Manifest, the waste manifest number and the container identification of the container with
the nationally tracked source.

(3) Each licensee that receives a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The name, address, and license number of the person that provided the source;
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(d) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(e) The radioactive material in the source;

(f) The initial or current source strength in becquerels (curies);

(g) The date for which the source strength is reported;

(h) The date of receipt; and

(i) For material received under a Uniform Low-Level Radioactive Waste Manifest, the waste
manifest number and the container identification with the nationally tracked source.

(4) Each licensee that disassembles a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The manufacturer, model, and serial number of the source or, if not available, other information to
uniquely identify the source;

(d) The radioactive material in the source;

(e) The initial or current source strength in becquerels (curies);

(f) The date for which the source strength is reported;

(g) The disassemble date of the source.

(5) Each licensee who disposes of a nationally tracked source shall complete and submit a National Source
Tracking Transaction Report. The report must include the following information:

(a) The name, address, and license number of the reporting licensee;

(b) The name of the individual preparing the report;

(c) The waste manifest number;

(d) The container identification with the nationally tracked source;

(e) The date of disposal; and

(f) The method of disposal.

(6) The National Source Tracking Transaction Report discussed in paragraphs (1) through (5) of this rule
must be submitted to the U.S. NRC by the close of the next business day after the transaction. A single
report may be submitted for multiple sources and transactions. The reports must be submitted to the
National Source Tracking System by using:

(a) The on-line National Source Tracking System;

(b) Electronically using a computer-readable format;

(c) By facsimile;

(d) By mail to the address on the NRC Form 748 National Source Tracking Transaction Report Form;
or
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(e) By telephone with follow up by facsimile or mail.

(7) Each licensee shall correct any error in previously filed reports or file a new report for any missed
transaction within 5 business days of the discovery of the error or missed transaction. Such errors may
be detected by a variety of methods such as administrative reviews or by physical inventories required by
regulation. In addition, each licensee shall reconcile the inventory of nationally tracked sources
possessed by the licensee against that licensee's data in the National Source Tracking System. The
reconciliation must be conducted during the month of January in each year. The reconciliation process
must include resolving any discrepancies between the National Source Tracking System and the actual
inventory by filing the reports identified by paragraphs (1) through (5) of this rule. By January 31 of each
year, each licensee must submit to the National Source Tracking System confirmation that the data in the
National Source Tracking System is correct.

Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

120002 05 .164 0400-20-05-.164 Nationally tracked source Thresholds.

The Terabecquerel (TBq) values are the regulatory standard. The curie (Ci) values specified are obtained by
converting from the TBq value. The curie values are provided for practical usefulness only and are rounded after
conversion.

Radioactive material
Category 1 Category 1 Category 2 Category 2
(TBq) (Ci) (TBq) (Ci)

Actinium-227 20 540 0.2 5.4

Americium-241 60 1,600 0.6 16

Americium-241/Be 60 1,600 0.6 16

Californium-252 20 540 0.2 5.4

Coball-60 30 810 0.3 8.1

Curium-244 50 1,400 0.5 14

Cesium-137 100 2,700 1 27

Gadolinium-153 1,000 27,000 10 270

Iridium-192 80 2,200 0.8 22

Plutonium-238 60 1,600 0.6 16

Plutonium-239/Be 60 1,600 0.6 16

Polonium-210 60 1,600 0.6 16

Promethium-147 40,000 1,100,000 400 11,000

Radium-226 40 1,100 0.4 11

Selenium-75 200 5,400 2 54

Strontium-90 1,000 27,000 10 270

Thorium-228 20 540 0.2 5.4

Thorium-229 20 540 0.2 5.4

Thulium-170 20,000 540,000 200 5,400

Yllerbium-169 300 8,100 3 81

Authority: T.eA §§ 68-202-201 et seq. and 4-5-201 et seq.

12000205.1650400-20-05-.165 Report, Notification, and Records of a Dose to an Embryo/Fetus or a Nursing
Child.
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(1) A licensee or registrant shall report to the Division at the address listed in 1:!QQ Q:! Q4 .Q7(1)(e) Rule
0400-20-04-.07, any dose to an embryo/fetus that is greater than 50 mSv (5 rem) dose equivalent that is
a result of an administration of radioactive material or radiation from radioactive material to a pregnant
individual unless the dose to the embryo/fetus was specifically approved, in advance, by the authorized
user.

(2) A licensee or registrant shall report any dose to a nursing child, that was not specifically approved, in
advance, by the authorized user, that is a result of an administration of radioactive material to a breast­
feeding individual that:

(a) Is greater than 50 mSv (5 rem) total effective dose equivalent; or

(b) Has resulted in unintended permanent functional damage to an organ or a physiological system
of the child, as determined by a physician.

(3) A licensee or registrant shall notify the Division at the number given in 1:!QQ Q:! Q4 .Q7 Rule 0400-20-04­
.07 no later than the next calendar day after discovery of a dose to the embryo/fetus or nursing child that
requires a report in paragraph (1) or (2) of this rule.

(4) A licensee or registrant shall submit a written report to the Division within liIleaR~ days after discovery of
a dose to the embryo/fetus or nursing child that requires a report in paragraph (1) or (2) of this rule.

(a) The written report must include:

1. The licensee or registrant's name;

2. The name of the prescribing physician;

3. A brief description of the event;

4. Why the event occurred;

5. The effect, if any, on the embryo/fetus or the nursing child;

6. What actions, if any, have been taken or are planned to prevent recurrence; and

7. Certification that the licensee or registrant notified the pregnant individual or mother (or
the mother's or child's responsible relative or guardian), and if not, why not.

(b) The report must not contain the individual's or child's name or any other information that could
lead to identification of the individual or child.

(5) A licensee or registrant shall provide notification of the event to the referring physician and also notify the
pregnant individual or mother, both hereafter referred to as the mother, no later than P.'lBRty roblr 24 hours
after discovery of an event that would require reporting under paragraph (1) or (2) of this rule, unless the
referring physician personally informs the licensee or registrant either that they will inform the mother or
that, based on medical judgment, telling the mother would be harmful. The licensee or registrant is not
required to notify the mother without first consulting with the referring physician. If the referring physician
or mother cannot be reached within p.·/eRly leblf 24 hours, the licensee or registrant shall make the
appropriate notifications as soon as possible thereafter. The licensee or registrant may not delay any
appropriate medical care for the embryolfetus or for the nursing child, including any necessary remedial
care as a result of the event, because of any delay in notification. To meet the requirements of this
paragraph, the notification may be made to the mother's or child's responsible relative or guardian instead
of the mother. If a verbal notification is made, the licensee or registrant shall inform the mother, or the
mother's or child's responsible relative or guardian, that a written description of the event can be obtained
from the licensee upon request. The licensee or registrant shall provide a written description if requested.

(6) A licensee or registrant shall retain a record of a dose to an embryo/fetus or a nursing child in accordance
with this rule for 3 years. A copy of the record required shall be provided to the referring physician, if
other than the licensee or registrant, no later than liIleaR ~ days after the discovery of the event. The
record must contain the licensee or registrant's name; names of all the individuals involved; social

\
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security number or other identification number if one has been assigned to the pregnant individuai or
nursing child who is the subject of the event; a brief description of the event; why it occurred; the effect, if
any, on the embryo/fetus or nursing child; the actions, if any, taken, or planned, to prevent recurrence;
and whether the licensee or registrant notified the pregnant individual or mother (or the mother's or child's
responsible relative or guardian) and, if not, whether such failure to notify was based on guidance from
the referring physician.

Authority: T.GA §§ 68-202-201 et seq. and 4-5-201 et seq.
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