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Chapter 1200-02-04
General Provisions

Amendments

Subparagraph (b) of Paragraph (1) of Rule 1200-02-04-.04 Definitions is amended by deleting the SUbparagraph
and substituting the following so that, as amended, subparagraph (b) shall read as follows:

(b) 'Accelerator-produced radioactive material' means any material made radioactive by a particle
accelerator.
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Subparagraph (000) of Paragraph (1) of Rule 1200·02-04-.04 Definitions is amended by deleting the
subparagraph and substituting the following so that, as amended, subparagraph (000) shall read as follows:

(000) Waste' means those low-level radioactive wastes containing source, special nuclear, or
byproduct material that are acceptable for disposal at a land disposal facility. For the purposes of
this definition, low-level waste is radioactive waste not classified as high-level radioactive waste,
transuranic waste, spent nuclear fuel or byproduct material as defined in subparagraphs (11)(b),
(11)(c), and (11)(d) of Rule 1200-02-05-.32.

Paragraph (1) of Rule 1200-02-04-.04 Definitions is amended by adding new subparagraphs (hhhh) through UiiD
so that SUbparagraphs (hhhh) through UiiD shall read as follows:

(hhhh) 'Consortium' means an association of medical use licensees and a PET radionuclide production
facility in the same geographical area that jointly own or share in the operation and maintenance
cost of the PET radionuclide production facilily that produces PET radionuclides for use in
producing radioactive drugs within the consortium for noncommercial distributions among its
associated members for medical use. The PET radionuclide production facility within the
consortium must be located at an educational institution or a Federal facility or a medical facility.

(liii) 'Cyclotron' means a particle accelerator in which the charged particles travel in an outward spiral
or circular path. A cyclotron accelerates charged particles and is commonly used for production of
short half-life radionuclides for medical or veterinary use.

UiiD 'Discrete source' means a radionuclide that has been processed so that its concentration wilhin a
material has been purposely increased for use for commercial, medical, or research activities.

(kkkk) 'Particle accelerator' means any device used to impact kinetic energy to electrically charged
particles including but not limited to electrons, protons, deuterons, and helium ions. For the
purpose of these regulations "accelerator" includes equipment designed for and used only for the
production of x-rays of 0.9 MeV or greater and equipment capable of discharging nuclear
particles into a medium external to the accelerating device. For purposes of this definition,
"accelerator" is an equivalent term.

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

Chapter 1200-02-05
Standards for Protection Against Radiation

Amendments

Paragraph (11) of Rule 1200-02-05-.32 Definitions is amended by deleting the paragraph and substituting the
following so that, as amended, paragraph (11) shall read as follows:

(11) 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
activily.

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

Paragraph (3) of Rule 1200-02-05-.50 Occupational Dose Limits for Adults is amended by deleting the paragraph
and substituting the following so that, as amended, paragraph (3) shall read as follows:

(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 cm 2

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 wilh 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.

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

SUbparagraph (d) of paragraph (1) of Rule 1200-02-05-.120 General Disposal Requirements is amended by
deleting the subparagraph and substituting the following so that, as amended, subparagraph (d) shall read as
follows:

(d) As authorized under Rule 1200-02-05-.121, 1200-02-05-.122, 1200-02-05-.123, 1200-02-05-.124
or 1200-02-05-.127.

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

Rule 1200-02-05-.125 Transfer for Disposal and Manifests is amended by adding paragraph (5) to the rule to read
as follows:

(5) Any licensee shipping byproduct material as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 1200-02-05-.32(11) intended for ultimate disposal at a land
disposal facility licensed under Chapter 1200-02-11 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.

Paragraph (2) of Rule 1200-02-05-.142 Reports to Individuais of Exposure to Radiation is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (2) shall read as follows:

(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 1200-02-05-.135. The licensee shall
provide an annual report to each individual monitored under Rule 1200-02-05-.71 of the dose received in
that monitoring year if:
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(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.

Paragraph (4) of Rule 1200-02-05-.142 Reports to Individuals of Exposure to Radiation is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (4) shall read as follows:

(4) When a licensee or registrant is required under Rule 1200-02-05-.141, 1200-02-05-.143, or 1200-02-05
.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.

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

Schedule RHS 8-30 of Rule 1200-02-05-.161 Schedules is amended by deleting the table and substituting the
following so that, as amended, Schedule RHS 8-30 shall read as follows:

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 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 100 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 1200-02-05-.32. The non-stochastic ALis were derived to avoid
non-stochastic effects, such as prompt damage to tissue or reduction in organ function.
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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 sur! = 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 ~CiJ of
each radionuclide/ALI,,) ,; 1.0. If there is an external deep dose equivalent contribution of Hd, 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 = ==-c-----:-_c-:-__A-::Lc-l ":-(in::-"-flc-C-,;,)'--c:c-::--c-::-.---c---:-c-:
(2000 hrs I working yr X 60 rnin/hr X 2 x 10 4 mil min)

ALI Ci/ t
9 Jl m

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 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
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or both, or when the individual is exposed to both internal and external irradiation. See 1200-02-05-.51.
When an individual is exposed to radioactive materials, which fall under several of the translocation
classifications of the same radionucllde (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 1200-02-05-.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 11. 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
three 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 two 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 two 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 10'- 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
radlonuclides. 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
1200-02-05-.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
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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).

LIST OF ELEMENTS

Atomic Atomic
Name Symbol Number Name Symbol Number
Actinium Ac 89 Molybdenum Mo 42
Aluminum AI 13 Neodymium Nd 60
Americium Am 95 Neptunium Np 93
Antimony Sb 51 Nickel Ni 28
Argon Ar 18 Niobium Nb 41
Arsenic As 33 Nitrogen N 7
Astatine At 85 Osmium Os 76
Barium Ba 56 Oxygen 0 8
Berkelium Bk 97 Palladium Pd 46
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
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Table! Table II Table IJI
Effluent Concentrations flel""ses to

Sewers
Col.I Col. 2 Col. 3 Col. 1 Col. 2 Moqlhly

Oral Inhalation
v.'ater

Average

Inges~on DAC (;PI1ClJfJ·
ALI (~Ci) (~CVml) "

.., tra@n
{uCVm/J

1 Hydrogen·3 Water,DAC BE+4 BE+4 2E-5 lE-7 lE-3 lE-2
includes skin
absorotion
Gas (HT or T2) Submersion I: 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-B 6E-4 6E-3
except those given
for Y
Y, oxides, halides, - 2E+4 BE-6 3E-B - -
and nilrates

4 Beryllium-l0 W,see Be lE+3 2E+2 6E-B 2E·l0 - -
LLI wall . 2E-5 2E·4
{1 E+3\

Y,see Be · lE+l 6E·9 2E-l1 -
6 Carbon-11'" Monoxide - lE+6 5E·4 2E-6 -

Dioxide · 6E+5 3E·4 9E-7
Compounds 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
Compounds 2E+3 2E+3 lE·6 3E-9 3E-5 3E-4

7 Nitrooen·132 Submersion1 4E-6 2E·8
8 OXVQen·152 Submersion1 4E-6 2E·8
9 Fluorine-iS': D, fluorides of H, 5E+4 7E+4 3E-5 lE-7 .

Li, Na, K, Rb, Cs,
~IW~~

. 7E-4 7E·3
and Fr 5E+4
W, fluorides of Be, · 9E+4 4E-5 lE-7 -
Mg, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
As, Sb, Bi, Fe, Ru,
Os, Co, Ni, Pd, PI,
Cu, Ag, Au, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, V, Nb, Ta, Mn,
Te, and Re
Y, lanthanum BE+4 3E-5 lE-7 - -
fluoride

11 Sodium-22 OJ all compounds 4E+2 6E+2 3E-7 9E·l0 6E-6 6E·5
11 Sodium-24 0, all compounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
12 Magnesium-28 0, all compounds 7E+2 2E+3 7E-7 2E-9 9E-6 9E-5

except those given
forW
W, oxides, - lE+3 5E·7 2E-9 -
hydroxides,
carbides, halides,
and nitrates

13 Aluminum-26 0, all compounds 4E+2 6E+l 3E-B 9E·l1 6E-6 6E·5
except those given
forW
W, oxides, 9E+l 4E-B lE-lO -
hydroxides,
carbides, halides,
and nitrates

14 Silicon-31 0, all compounds 9E+3 3E+4 lE-5 4E-8 lE·4 lE·3
except those given
forWand Y
W, oxides, - 3E+4 lE-5 5E-B - -
hydroxides,
carbides, and
nitrates
Y, aluminosilicate - 3E+4 lE-5 4E-B .
Qlass

14 Silicon-32 0, see ~lSi 2E+3 2E+2 lE·7 3E-l0 -
LLI wall - - . 4E-5 4E·4
(3E+3\

W, see ~'Si 1E+2 5E·B 2E-l0 -
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Iablelyalues
Table II Tabla III

Effluent Concentrations Releases to
Sewers

Col.! Col. 2 I'" Col. 3 Col.! Col. 2 Mont~1y

Oral Inhalation .....verage

Ingesllon DAC
9Pn~f)n-

ALI (~Ci) (~CVml) Irati9?J)
•••• (/Jcvml

Y, see J1 Si 5E+0 2E-9 7E-12 -
15 Phosphorus-32 0, all compounds 6E+2 9E+2 4E-7 1E·9 9E-6 9E-5

except phosphates
Qiven for W
W, phosphates of - 4E+2 2E-7 5E·1O - -
202+,83

+, Mg2+,

Fe3
+, Bi3+, and

lanthanides
15 Phosphorus-33 0, see P 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4

W, see "Lp . 3E+3 1E-6 4E-9 -
16 8ulfu(-35 Vapor - lE+4 6E-6 2E-8 -

D, sulfides and lE+4 2E+4 7E-6 2E-8 - -
sulfates except

~~I W~~I
. lE-4 lE-3

those given for W 8E+3
W, elemental 6E+3 -
sulfur, sulfides of
Sr, Sa, Ge, So, Pb,
As, Sb, Bi, Cu, Ag,
Au, In, Cd, Hg, 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 1E-6 3E-9 2E·5 2E-4
U, Na, K, Rb, Cs,
and Fr
W, chlorides of 2E+2 lE-7 3E-l0 -
lanthanides, Be,
Mg, Ca, Sr, Sa,
Ra, AI, Ga, In, TI,
Ge, Sn, Pb, As,
Sb, Bi, Fe, Ru, Os,
Co, Rh, Ir, Ni, Pd,
PI, Cu, Ag, Au, In,
Cd, Hg, Sc, Y, Ti,
lr, HI, V, Nb, Ta,
Cr, Mo, W, Mo, Te,
and Re

17 Chlorine-38<: 0, see .lOCI 2E+4 4E+4 2E-5 6E·8 -

~tw~~ - - - 3E·4 3E-3
3E+4

W, see,oCI - 5E+4 2E-5 6E-8 - -
17 Chlorine-39i:: 0, see .lOCI 2E+4 5E+4 2E-5 7E-8 - -

~t w~~ 5E-4 5E-3
4E+4

W, see ,oCI 6E+4 2E-5 BE-8 -
18 Argon-37 Submersion - 1E+0 6E-3 -
18 Argon-39 Submersion - 2E-4 8E-7

18 Argon-41 Submersion - - 3E-6 lE-8 -
19 Potassium-40 0, all compounds 3E+2 4E+2 2E-7 6E-l0 4E-6 4E-5
19 Polassium-42 0, 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 1E-8 9E-5 9E-4
19 Potassium-44<: 0, all compounds 2E+4 7E+4 3E-5 9E-8 - -

Stwall - - 5E-4 5E-3
f4E+41

19 Potassium·452 0, all compounds 3E+4 lE+5 5E-5 2E-7 - -
St wall 7E-4 7E-3
f5E+4\

20 Calcium-41 W, all compounds 3E+3 4E+3 2E-6 -
Bone surf B~ne s3~rt 5E-9 6E-5 6E-4

(4E+3) 4E+3
20 Calcium-45 W, all comnounds 2E+3 8E+2 4E-7 lE-9 2E-5 2E-4
20 Carcium·47 W, all comoounds 8E+2 9E+2 4E-7 lE-9 lE-5 lE-4
21 Scandium-43 Y, all comoounds 7E+3 2E+4 9E-6 3E-8 lE-4 lE-3
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Table/values
Table II Table III

Effluenl CQncenlralions
Releases to

Sewers
Col. 1 Col. 2 I Col. :3 Col. 1 Col. 2 Monthly
Oral Inhalation

Waler
Average

Ingeslion DAC
Concen~

ALI(~Ci) (~CVml) ltrtl0f,)CVml
21 Scandium-44m Y, all compOunds SE+2 7E+2 3E-7 lE-9 7E-6 7E-S
21 Scandium-44 Y, all comnounds 4E+3 lE+4 SE·6 2E-8 SE-S SE-4
21 Scandium-46 Y, all comoounds 9E+2 2E+2 lE-7 3E·l0 lE-S lE-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 lE-6 4E·9 - -

LLI wall - 4E-S 4E-4
(3E+3)

21 Scandium-48 Y, all compOunds 8E+2 lE+3 6E-7 2E-9 lE-S lE-4
21 Scandium-49': Y, all compounds 2E+4 SE+4 2E-S 8E-8 3E-4 3E-3
22 Titanium-44 0, all compounds 3E+2 lE+l SE-9 2E-l1 4E-6 4E-S

except those given
forWandY
W, oxides, - 3E+l lE-8 4E-l1 -
hydroxides,
carbides, halides,
and nitrates
Y, SrTi03 6E+O 2E-9 8E-12 - -

22 Titanium-45 0, see Ti 9E+3 3E+4 lE-S 3E-8 lE-4 lE-3

W,see Ti 4E+4 lE-S SE-8 - -
V, see .<j-'lTi 3E+4 lE-S 4E-8 - -

23 Vanadium-47'<: D, all compounds 3E+4 8E+4 3E-S lE-7 - -
except those given

~tw~~
- - 4E-4 4E-3

forW 3E+4
W, oxides, - lE+S 4E-5 1E-7
hydroxides,
carbides, and
halides

23 Vanadium-48 0, see V 6E+2 lE+3 SE-7 2E-9 9E-6 9E-S
W, see 4fV - 6E+2 3E-7 9E-l0 - -

23 Vanadium-49 OJ see -,!'v 7E+4 3E+4 lE-S - - -
LLI wall Bone surf SE-8 lE-3 lE-2
(9E+4) (3E+4)

W, see 4fV 2E+4 8E-6 2E-8 - -
24 Chromium-48 0, all compounds 6E~ lE+4 SE-6 2E-8 8E-S 8E-4

except those given
forWand 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-S lE-7 4E-4 4E-3
W, see 4UCr - lE+S 4E-S lE-7 - -
Y, see'lt!Cr - 9E+4 4E-S lE-7 - -

24 Chromium-51 D,see Cr 4E+4 SE+4 2E-S 6E-8 SE-4 SE-3
W, see 4tlCr 2E+4 lE-S 3E-8 - -
Y, see '1t1Cr 2E+4 8E-6 3E-8 -

2S Manganese-51 01: D, all compounds 2E+4 SE+4 2E-S 7E-8 3E-4 3E-3
except those given
forW
W, oxides, - 6E+4 3E-S 8E-8 -
hydroxides,
halides, and
nitrates

25 Man~anese- D, see olMn 3E+4 9E+4 4E-S lE-7 - -
52m ~tw~~

- - - SE-4 SE-3
4E+4

W, see ~IMn lE+5 4E-S lE-7 - -
2S Manganese-52 D

J
see o'Mn 7E+2 lE+3 SE-7 2E-9 lE-5 lE-4

W,see Mn - 9E+2 4E-7 lE-9 -
2S Manganese-53 D, see bl Mn SE+4 lE+4 SE-6 7E-4 7E-3

Bone surf - 3E-8
12E+4\
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Table I Table II
Table III

Occupational Values E;fIIuent Concentrations
Releases to

Sewers
Col.! Col.f! t . Col. 3 Col., Col. 2 Monthly

Oral Inhalation Average

Ingestion DAC
Concen~

ALI (~Ci) (~CVml) ··.lf1'iO~I·CVml
W,see Mn - lE+4 SE-6 2E-8 -

25 Manganese-54 0, see o· Mn 2E+3 9E+2 4E·7 lE-9 3E-S 3E-4
W,seeo Mn - 8E+2 3E-7 lE-9 - -

25 Manganese-56 0, see" Mn SE+3 2E+4 6E-6 2E-8 7E-S 7E-4

W,see Mn - 2E+4 9E-6 3E·8 - -
26 Iron-52 OJ all compounds 9E+2 3E+3 lE-6 4E-9 lE-S lE-4

except those given
forW
W, oxides, - 2E+3 lE·6 3E-9 - -
hydroxides, and
halides

26 Iron-55 0, see ot: Fe 9E+3 2E+3 8E-7 3E-9 lE-4 lE·3

W,see Fe 4E+3 2E-6 6E-9 <' -
26 Iron-59 0, see b~Fe 8E+2 3E+2 lE-7 SE-1O lE-S lE-4

W, seeb<!Fe SE+2 2E-7 7E-l0 -
26 Iron-60 0, see o':::Fe 3E+l 6E+O 3E-9 9E-12 4E-7 4E-6

W,see Fe 2E+l 8E-9 3E-ll

27 Cobalt-55 W, all compounds lE+3 3E+3 lE-6 4E-9 2E-S 2E-4
except those given
for Y
V, oxides, 3E+3 lE-6 4E-9
hydroxides,
halides, and
nitrates

27 Cobalt-56 W, see bbCa SE+2 3E+2 lE-7 4E-l0 6E-6 6E-S
Y, see ~Co 4E+2 2E+2 8E-8 3E-l0 - -

27 Cobalt·S7 W,see o::>Co 8E+3 3E+3 lE-6 4E-9 6E-S 6E-4

V, see=eo 4E+3 7E+2 3E-7 9E-l0 - -
27 Cobalt·S8m W, see Co 6E+4 9E+4 4E-S 1E-7 8E·4 8E-3

Y, see~Co - 6E+4 3E-S 9E·8 - -
27 Cobalt·S8 W, see ::>:leo 2E+3 lE+3 SE-7 2E-9 2E·S 2E-4

Y, see :;'''Co lE+3 7E+2 3E-7 lE-9 -
27 Cobalt-60m W, seebbCo lE+6 4E+6 2E-3 6E-6

Stwall - 2E-2 2E-l
11E+61

Y, see """Co - 3E+6 lE-3 4E·6 -
27 Cobalt-60 W, see bbCa SE+2 2E+2 7E-8 2E-l0 3E-6 3E-S

V, see ObCO 2E+2 3E+l lE-8 SE-ll -
27 Cobalt-61£ W, see"Co 2E+4 6E+4 3E-S 9E-8 3E-4 3E-3

V,S88 Co 2E+4 6E+4 2E-S 8E-8 -
27 Cobalt-62m W, see bOeo 4E+4 2E+S 7E·S 2E-7 -

Stwall - - - 7E-4 7E-3
ISE+41

Y,see Co 2E+S 6E-S 2E-7 - -
28 Nickel-S6 0, all compounds lE+3 2E+3 8E-7 3E-9 2E-S 2E-4

except those given
10rW
W, oxides, lE+3 SE-7 2E-9 - -
hydroxides, and
carbides
VaDOr - lE+3 SE-7 2E-9 - -

28 Nickel-57 D, see ~Ni 2E+3 SE+3 2E·6 7E-9 2E-S 2E-4

W,see Ni - 3E+3 lE-6 4E-9 - -
VaDOr - 6E+3 3E·6 9E-9 -

28 Nickel-59 D, see ooNi 2E+4 4E+3 2E-6 SE·9 3E-4 3E-3
W, see oONi - 7E+3 3E-6 lE·8
Vaoor 2E+3 8E-7 3E·9

28 Nickel-63 D, see Ni 9E+3 2E+3 7E-7 2E-9 lE·4 lE-3
W,see~Ni 3E+3 lE-6 4E-9
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,",p"Tablel Values
Jable II Jablelll

e:ff1uent Concentrations HeleCises to
Sewers

Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 MOl)thly

Oral Inhalation Average
Ingeslion DAC

Concel)-
tfllti(){)

ALlWCi) (~CVml) .(uCilmlJ
Vapor - 8E+2 3E-7 lE-9 -

28 Nickel-6S OJ see oONi 8E+3 2E+4 lE-S 3E-8 lE-4 lE-3
W, see oONi - 3E+4 lE-S 4E-8 - -
Vaoor - 2E+4 7E-6 2E-8 -

28 Nickel-56 0, see Ni 4E+2 2E+3 7E-7 2E-9 - -
LLI wall - 6E-6 6E-S
(SE+2)

W, see aONi 6E+2 3E-7 9E-l0 -
Vaoor 3E+3 lE-6 4E-9

29 Copper-60" 0, all compounds 3E+4 9E+4 4E-S lE-7
except those given Stwall - 4E-4 4E-3
forWand Y (3E+4)
W, sulfides, - lE+S SE-S 2E-7 -
halides, and
nitrates
Y, oxides and - lE+S 4E-S lE-7 - -
hydroxides

29 Copper-61 0, see ovCu lE+4 3E+4 lE-S 4E-8 2E-4 2E-3

W, see ovCu - 4E+4 2E-S 6E-8 -
Y, see Cu 4E+4 lE-S SE-8

29 Copper-54 OJ see Cu lE+4 3E+4 lE-S 4E-8 2E-4 2E-3

W, see ovCu 2E+4 lE-S 3E-8

V, see ovCu 2E+4 9E-6 3E-8 - -
29 Copper-67 OJ see Cu SE+3 8E+3 3E-6 lE-8 6E-S 6E-4

W,see Cu - SE+3 2E-6 7E-9 - -
Y, see ovCu - SE+3 2E-6 6E-9 - -

30 Zinc-52 Y, all compounds lE+3 3E+3 lE-6 4E-9 2E-S 2E-4
30 Zjnc·63~ Y, all compounds 2E+4 7E+4 3E-S 9E-8 - -

Stwall - - 3E-4 3E-3
f3E+41

30 Zinc-55 Y, all comoounds 4E+2 3E+2 lE-7 4E-l0 SE-6 SE-S
30 Zinc-89m Y, all compounds 4E+3 7E+3 3E-6 lE-8 6E-S 6E-4
30 Zinc-69~ Y, aU compounds 6E+4 lE+S 6E-S 2E-7 8E-4 8E-3

30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-S 8E-4
30 Zinc-72 Y, all compounds lE+3 1E+3 SE-7 2E-9 1E-S 1E-4
31 Gallium-65'" 0, all compounds SE+4 2E+S 7E-S 2E-7 - -

except those given Stwall - 9E-4 9E-3
forW (6E+4)
W, oxides, - 2E+S 8E-S 3E-7 - -
hydroxides,
carbides, halides,
and nitrates

31 Gallium-66 0, see=Ga lE+3 4E+3 lE-6 5E-9 1E-S lE-4

W,see =Ga 3E+3 lE-6 4E-9 -
31 Gallium-67 0, see Ga 7E+3 1E+4 6E-6 2E-8 1E-4 1E-3

W,see O:lGa - 1E+4 4E-6 lE-8 - -
31 Gallium-68;::: 0, see O:lGa 2E+4 4E+4 2E-S 6E-8 2E-4 2E-3

W, see =Ga - 5E+4 2E-S 7E-8 - -
31 Gallium-70&' 0, see Ga SE+4 2E+S 7E-S 2E-7 - -

Stwall - - lE-3 lE-2
(7E+4)

W,see =Ga 2E+S 8E-S 3E-7

31 Gallium-72 0, see Ga lE+3 4E+3 lE-6 5E-9 2E-S 2E-4

W, see roGa 3E+3 lE-6 4E-9 -
31 Gallium-73 0, see O:lGa SE+3 2E+4 6E-6 2E-8 7E-S 7E-4

W, see =Ga - 2E+4 6E-6 2E-8 - -
32 Germanium-66 0, all compounds 2E+4 3E+4 lE-S 4E-8 3E-4 3E-3

except those given
forW
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•Tableivalues.
Table II rabl~ III

Effluent Concentrallons R~leas~s to
Sewers

Col. 1 Col. 2 ICoJ.S Col. 1 Col. 2 l>@lhly
Oral Inhalation Avwage

Ingestion PAC Water • Concen~

AP(~Ci) (~CVml) 'C (trtlQn
CVml)

W, oxides, 2E+4 BE·6 3E-B - -
sulfides, and
halides

32 Germanium-57 D,see Ga 3E+4 9E+4 4E-S lE-7 - -
Stwall - - 6E-4 6E-3
(4E+41

W, see OQGe - lE+S 4E-5 lE-7 - -
32 Germanium-68 0, see U<.Ge 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4

W,see Ge - 1E+2 4E-B lE-lO - -
32 Germanium-59 0, see ooGe lE+4 2E+4 6E-6 2E-B 2E-4 2E-3

W, see OQGe - BE+3 3E-6 1E-B -
32 Germanium-71 D, see V<.Ge 5E+S 4E+S 2E-4 6E-7 7E-3 7E-2

W,see Ge - 4E+4 2E-S 6E-B -
32 Germanium-75e. 0, see OtlGe 4E+4 BE+4 3E-S lE-7 -

Stwall - 9E-4 9E-3
(7E+41

W,see Ge - BE+4 4E-S lE-7 -
32 Germanium-?? OJ see t>OGe 9E+3 lE+4 4E-6 1E-B 1E-4 1E-3

W, see DOGe - 6E+3 2E-6 BE-9 -
32 Germanium-78'" 0, see <><>Ge 2E+4 2E+4 9E-6 3E-B -

~t wall 3E-4 3E-3
2E+41

W, see t>OGe - 2E+4 9E-6 3E-B -
33 Arsenic-69'" W, all compounds 3E+4 lE+S SE-S 2E-7 -

Stwall - 6E-4 6E-3
(4E+41

33 Arsenic-70~ W, all compounds lE+4 5E+4 2E-S 7E-B 2E-4 2E-3
33 Arsenic-71 W, all compOunds 4E+3 5E+3 2E-6 6E-9 SE-S SE-4
33 Arsenic-72 W, all compOunds 9E+2 lE+3 6E-7 2E-9 lE-S lE-4
33 Arsenic-73 W, all compounds BE+3 2E+3 7E-7 2E-9 lE-4 lE-3
33 Arsenic-74 W, all compounds lE+3 BE+2 3E-7 lE-9 2E-S 2E-4
33 Arsenic-76 W, all compounds lE+3 lE+3 6E-7 2E-9 lE-S lE-4
33 Arsenic-?? W, all compounds 4E+3 SE+3 2E-6 7E-9 -

LLI wall - - - 6E-S 6E-4
(SE+31

33 Arsenic-78'" W, all compounds BE+3 2E+4 9E-6 3E-B lE-4 lE-3
34 Selenium-lO'" OJ all compounds 2E+4 4E+4 2E-S SE-B lE-4 lE-3

except those given
forW
W, oxides, lE+4 4E+4 2E-S 6E-B - -
hydroxides,
carbides, and
elemental Se

34 Selenium·73m D, see Sa 6E+4 2E+S 6E-S 2E-7 4E-4 4E-3
W, see fUSe 3E+4 lE+S 6E-S 2E-7 -

34 Selenium·73 D, see fUSe 3E+3 lE+4 SE-6 2E-B 4E-S 4E-4
W, see IUSe - 2E+4 7E-6 2E-B -

34 Selenium·75 D,see Sa SE+2 7E+2 3E-7 1E-9 7E-6 7E-S
W, see fUSe 6E+2 3E-7 BE-lO -

34 Selenium·79 0, see fUSe 6E+2 BE+2 3E-7 lE-9 BE-6 BE-S
W, see fUSe 6E+2 2E-7 BE-lO

34 Selenium-81m D, see Se 4E+4 7E+4 3E-5 9E-B 3E-4 3E-3
W, see fUSe 2E+4 7E+4 3E-S lE-7 -

34 Selenium-81<: D, see fUSe 6E+4 2E+S 9E-S 3E-7 - -
Stwall - - lE-3 lE-2
(BE+41

W, see fUSe 2E+S lE-4 3E-7 - -
34 Selenium·83<: D, see fUSe 4E+4 1E+S SE-S 2E-7 4E-4 4E-3

W, see IUSe 3E+4 1E+S 5E-S 2E-7 - -
35 Bmmine-74m' D, bromides of H, lE+4 4E+4 2E-S SE-B - -
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Table I Table II Table III

()j;<)upational Values Effluent Concentrations Releasasto
Sewers

Col. 1 CoU! I Col. 3 Gol.l Col. 2 Monthly

Oral Inhalation Averaile
Ingestion DAC ' ..r", ""

()(mcen~

ALI (~Ci) (~CVml) ·•••• (!frtlO~1CVml
Li, Na, K, Rb, Cs, Stwall - - 3E·4 3E·3
and Fr (2E+4)
W, bromides of - 4E+4 2E·S 6E·8 - -
lanthanides, Be,
Mg, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
Ge, Sn, Ph, As,
Sb, Bi, Fe, Ru, Os,
Co, Rh, Ir, Ni, Pd,
Pt, Cu, Ag, Au, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, HI, V, Nb, Ta,
Mn, Te, and Re

35 Bromine·74~ OJ see mBr 2E+4 7E+4 3E-S 1E-7 -
Siwall - - SE·4 SE·3
(4E+4)

W, see ,<mSr - 8E+4 4E·S lE·7 -
3S Bromine-lSi!. OJ see mBr 3E+4 SE+4 2E-S 7E·8 -

Stwall - SEA SE-3
14E+4)

W,see mBr - SE+4 2E·S 7E-B -
3S Bromine·76 D, see mBr 4E+3 SE+3 2E·6 7E-9 SE·S SE·4

W,see mBr - 4E+3 2E·6 6E-9 -
35 Bromine-?? OJ see mBr 2E+4 2E+4 lE·S 3E-8 2E·4 2E·3

W,see mBr - 2E+4 BE·6 3E·8 - -
35 Bromine-80m 0, see mBr 2E+4 2E+4 7E·6 2E·B 3EA 3E·3

W,see mBr lE+4 6E-6 2E·B -
3S Bromine-BO" 0, see mBr 5E+4 2E+S 8E-S 3E-7 -

~t wa~~ - - lE-3 lE·2
9E+4

W,see mBr 2E+S 9E-S 3E·7
3S Bromine-82 0, see mBr 3E+3 4E+3 2E·6 6E·9 4E·S 4E-4

W,see mBr - 4E+3 2E·6 SE-9 -
3S Bromine-83 D, see mBr SE+4 6E+4 3E-S 9E·8 -

Stwall - 9EA 9E-3
17E+4)

W,see mBr - 6E+4 3E·S 9E·B - -
3S Bromine-84 0, see mBr 2E+4 6E+4 2E·S 8E·B - -

Stwalf - - 4EA 4E-3
(3E+4)

W,see mBr 6E+4 3E·S 9E·B - -
36 Krvpton·74 Submersion - 3E·6 lE·8 -
36 Krypton·76 Submersion - - 9E-6 4E·8 -
36 Krvpton·77< Submersion - 4E-6 2E·8

36 Krypton·79 Submersion - 2E-S .7E·8

36 Krypton·Bl Submersion 1 - 7EA 3E·6 -
36 Krvpton·83m' Submersion 1 - lE-2 SE-S -
36 Krypton-8Sm Submersion - 2E·S lE-7 - -
36 Krypton·8S Submersion1 - lE-4 7E-7 - -
36 Krvpton-87' Submersion1 - SE·6 2E-B - -
36 Krypton·88 Submersion I - 2E·6 9E·9 - -
37 Rubidium~79L 0, all compounds 4E+4 lE+S SE·S 2E-7 - -

~twa~: - - BE·4 8E·3
6E+4

37 Rubidium-81 m;;: D, all compounds 2E+S 3E+S lE-4 SE-7 -
Stwall - - - 4E-3 4E-2
(3E+S)

37 Rubidium-81 D, all comoounds 4E+4 SE+4 2E-S 7E·8 SEA SE·3
37 Rubidium-82m D, all comoounds lE+4 2E+4 7E-6 2E-B 2EA 2E-3
37 Rubidium-83 D, all comoounds 6E+2 lE+3 4E-7 lE-9 9E·6 9E-S
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T~blell Val¥es
Table II Table III

EfflueotCooceOlralloos
Rele(is8.sto

Sewers
Co/.t Col. 2 Col. 3 Col.! Col. 2 M~nlhly

.... Oral Inha.lation Av~(age

10gesllOo PAC
C(}npel1~

tralio?J,ALI (~CI) (~CUrnl) iUCVrnl
37 Rubidium-84 0, all comoounds SE+2 BE+2 3E-7 lE-9 7E-6 7E-S
37 Rubidium-B6 0, all compounds SE+2 BE+2 3E-7 1E-9 7E-6 7E-S
37 Rubidium-a? D, all compounds 1E+3 2E+3 6E-7 2E-9 lE-S 1E-4
37 Rubidium-8Sz D, all compounds 2E+4 6E+4 3E-S 9E-B -

St wall - 4E-4 4E-3
13E+4\

37 Rubidium-89 0, all compounds 4E+4 lE+S 6E-S 2E-7 -
Stwall - 9E-4 9E-3
16E+4\

3B Strontium-BO" D, all soluble 4E+3 lE+4 SE-6 2E-B 6E-S 6E-4
compounds except
SrTiOa
Y, all insoluble lE+4 SE-6 2E-B -
compounds and
SrTi03

3B Strontium-81 D, see tNSf 3E+4 BE+4 3E-S lE-7 3E-4 3E-3

Y, see nUSr 2E+4 BE+4 3E-S 1E-7 - -
3B Slrontium-82 0, see oUSr 3E+2 4E+2 2E-7 6E-l0 -

~~/W~;I 3E-6 3E-S
2E+2

Y, see !iUSr 2E+2 9E+l 4E-B 1E-1O -
3B Strontium-83 0, see ouSr 3E+3 7E+3 3E-6 lE-B 3E-S 3E-4

Y,see Sr 2E+3 4E+3 lE-6 SE-9 - -
3B Strontium-85m 0, see !iUSr 2E+S 6E+S 3E-4 9E-7 3E-3 3E-2

Y, see t1USr BE+S 4E-4 1E-6 -
38 Strontium-85 0, see ovSr 3E+3 3E+3 1E-6 4E-9 4E-S 4E-4

Y, see OlSr 2E+3 6E-7 2E-9 -
38 Strontium-87m D, see Sr SE+4 lE+S SE-S 2E-7 6E-4 6E-3

V, see tlUSr 4E+4 2E+S 6E-S 2E-7 - -
38 Strontium-89 OJ see oUSr 6E+2 8E+2 4E-7 lE-9 - -

LLI wall - - - 8E-6 8E-S
16E+2\

V, see !JuSr 5E+2 1E+2 6E-B 2E-1O -
38 Strontium-gO D, see otISr 3E+l 2E+l 8E-9 -

Bone surf Bone SUIT 3E-ll 5E-7 5E-6
(4E+/) (2E+l)

Y, see wSr 4E+O 2E-9 6E-/2 - -
38 Strontium-91 0, see I:lUSr 2E+3 6E+3 2E-6 8E-9 2E-S 2E-4

Y, see I:lUSr 4E+3 1E-6 SE-9 -
38 Strontium-92 0, see Sf 3E+3 9E+3 4E-6 1E-8 4E-S 4E-4

Y, see mJSr 7E+3 3E-6 9E-9 -
39 Yttrium-86m t!. W, all compounds 2E+4 8E+4 2E-S 8E-8 3E-4 3E-3

except those given
for Y
Y, oxides and - SE+4 2E-S 8E-8 -
hYdroxides

39 Yttrium-86 W, see I:lomy 1E+3 3E+3 lE-8 SE-9 2E-S 2E-4
Y, see I:lOffiy - 3E+3 lE-6 SE-9 - -

39 Yttrium-8? W,see Y 2E+3 3E+3 lE-8 SE-9 3E-S 3E-4
y, see tltiffiy 3E+3 lE-6 SE-9 -

39 Yttrium-88 W, seel:lomy 1E+3 3E+2 lE-7 3E-l0 lE-S lE-4

y,see y 2E+2 lE-7 3E-l0 -
39 Yttrium-90m W, see t:It1my 8E+3 lE+4 SE-6 2E-8 1E-4 1E-3

y, see tlbmy lE+4 SE-6 2E-8 - -
39 Yttrium-90 W, see I:lomy 4E+2 7E+2 3E-7 9E-l0 - -

~~Iwall - - 7E-6 7E-S
SE+21

Y, see tlomy - 6E+2 3E-7 9E-10 -
39 Yttrium-91 mt: W, see I:lOfny 1E+S 2E+S lE-4 3E-7 2E-3 2E-2
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Table Table II Table III

Effluent Concentrations R~lea~es to
Sewers

CoI_! CoI_2 I Col_ 3 Col_ ! Co/_2 N/onlhly
Oral Inhalation Averag~

Ingestion DAC
(J()nc(9n~

tralion.
ALI(~CiJ (~CVrnl) (/lCVml)

Y, see Y - 2E+5 7E-5 2E-7
39 Yttrium-91 W, see t10my 5E+2 2E+2 7E-B 2E-10 - -

LLI wall - - BE-6 BE-5
f6E+2\

Y,see Y - 1E+2 5E-B 2E-10 - -
39 Yttrium-92 W, see tIOfny 3E+3 9E+3 4E-6 1E-B 4E-5 4E-4

V, see OOll'y - BE+3 3E-6 1E-B - -
39 Yttrium-93 W, seeo<m,y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y,see my - 2E+3 1E-6 3E-9 -
39 Yttrium-94<: W, see t1t>my 2E+4 BE+4 3E-5 1E-7 -

St waH - 4E-4 4E-3
f3E+4\

Y, see my BE+4 3E-5 1E-7
39 YUrium-9Sz W, see tlOmy 4E+4 2E+5 6E-5 2E-7 -

Stwall - - 7E-4 7E-3
f5E+4\

Y,see Y 1E+5 6E-5 2E-7
40 Zirconium-86 D, all compounds 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

except those given
forW and Y
W, oxides, - 3E+3 1E-6 4E-9 - -
hydroxides,
halides, and
nitrates
Y, carbide - 2E+3 1E-6 3E-9 -

40 Zirconium-B8 Dr see Zr 4E+3 2E+2 9E-B 3E-1O 5E-5 5E-4
W, see oOZr - 5E+2 2E-7 7E-1O -
V, see OtlZr - 3E+2 1E-7 4E-10 -

40 Zirconium-89 D, see o<Zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4

W,see Zr - 2E+3 1E-6 3E-9 -
Y, see t1°Zr 2E+3 1E-6 3E-9

40 Zirconium-93 D, see oOZr 1E+3 6E+0 3E-9 - -

B~ne ~~rt Bone surf 2E-11 4E-5 4E-4
3E+3 f2E+1\

W, see t1°Zr 2E+1 1E-B - - -
Bone surf - 9E-11 - -

f6E+1\
Y, see Zr - 6E+1 2E-B - - -

Bone surf - 9E-11 - -
(7E+1)

40 Zirconium-95 D, see cUZr 1E+3 1E+2 5E-B 2E-5 2E-4
- Bone surf 4E-10 -

(3E+2)
W, see oOZr - 4E+2 2E-7 5E-1O -
Y, see Zr - 3E+2 1E-7 4E-10 -

40 Zirconium-9? D. see Zr 6E+2 2E+3 BE-7 3E-9 9E-6 9E-5
W, see t1°Zr - 1E+3 6E-7 2E-9
Y, see oOZr - 1E+3 5E-7 2E-9 -

41 Niobium-BS'" W, all compounds 5E+4 2E+5 9E-5 3E-7 -
except those given Stwall - - 1E-3 1E-2
forY (7E+4)
Y, oxides and 2E+5 9E-5 3E-7 -
hvdroxides

41 Niobium-89'" W, see "'Nb 1E+4 4E+4 2E-5 6E-8 1E-4 1E-3
(66 min) Y, see "'Nb 4E+4 2E-5 5E-B -

41 Niobium-89 W, see oONb 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 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 "'Nb 9E+3 2E+3 BE-7 3E-9 -
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.Jab~~lvaIUes Table II
Table III

Effluent Concentrations Releases to
Sewers

Col.! Col. 2 > I Col. 3 Col. 1 Col. 2 Mo~lhly,,""' .,,"" Inhalation Average
Oral

Ingestion DAC
()c)ncefl~

ALI (~Ci) (~CVrnl) {t~tiO%CVml
LLI wall . 2E·4 2E·3
(lE+4)

Y, see t1t1Nb · 2E+2 7E·8 2E·l0 · ·

41 Niobium-94 W, see ooNb 9E+2 2E+2 8E·8 3E·l0 lE·5 lEA

Y,see Nb · 2E+l 6E·9 2E·l1 · ·

41 Niobium-9Sm W, see tltlNb 2E+3 3E+3 lE·6 4E·9 ·
LLI wall 3E·5 3E·4
(2E+3\

Y, see oONb · 2E+3 9E·7 3E·9 · ·
41 Niobium~g5 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 8E+4 3E·5 lE·7 3E·4 3E·3

Y, see "Nb · 7E+4 3E·5 lE·7 ·
41 Niobium-9a': W, see oONb lE+4 5E+4 2E·5 8E·8 2E·4 2E·3

Y, see '"Nb · 5E+4 2E·5 7E·8 ·
42 Molybdenum- 0, aU compounds 4E+3 7E+3 3E·6 lE·8 3E·5 3E·4

90 except those given
for Y
Y, oxides, 2E+3 5E+3 2E·6 6E·9
hydroxide, and
MoS2

42 Molybdenum- OJ seewMo 9E+3 2E+4 7E·6 2E·8 6E·5 6E·4
93m Y, see """'Mo 4E+3 lE+4 6E·6 2E·8

42 Motybdenum- OJ see ""'Mo 4E+3 5E+3 2E·6 8E·9 5E·5 5E·4
93 Y, see Mo 2E+4 2E+2 8E·8 2E·l0 ·

42 Molybdenum- OJ seel:lUMo 2E+3 3E+3 lE·6 4E·9 ·
99 LLI wall . . 2E·5 2EA

f1E+3\
Y, see Mo lE+3 lE+3 6E·7 2E·9 ·

42 Mol¥bdenum. OJ see w Mo 4E+4 lE+5 6E·5 2E·7 ·

101 Stwall . . 7E·4 7E·3
f5E+4\

Y, see Mo · lE+5 6E·5 2E·7 · ·
43 Technetium- OJ all compounds 7E+4 2E+5 6E·5 2E·7 lE·3 lE·2

93m
2 except those given

forW
W, oxides, · 3E+S lEA 4E·7 · ·
hydroxides,
halides, and
nitrates

43 Technetium-93 0, see ~JmTc 3E+4 7E+4 3E·5 lE·7 4EA 4E·3
W, see ""Tc · lE+5 4E·5 lE·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 D, see """Tc 9E+3 2E+4 8E·6 3E·8 lEA lE·3

W, see "°"Tc · 2E+4 lE·5 3E·8 · ·

43 Technetium- OJ see "Tc 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 lE·4 lE·3
W. see ,"vmTc · 2E+4 8E·6 3E·8 ·

43 Technetium- 0, see m
Tc 2E+5 3E+5 lEA 4E·7 2E·3 2E·2

96m
2

W, see ~,jmTc 2E+5 lEA 3E·7· ·

43 Technelium-96 0, see ,"vmTc 2E+3 3E+3 lE·6 5E·9 3E·5 3E·4
W, see ,"vmTc · 2E+3 9E·7 3E·9 ·

43 Technetium- 0, see ~MmTc 5E+3 7E+3 3E·6 6E·5 6E·4
97m StWall . lE·8

(7E + 3)
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\Tab~:l'vaIUa$. Table II
Table III

"", Effluent Concentrations Aeleaf)~sto

Sewers
CoI.1 Col. 2 1···Col.3 Col. 1 Col. 2 Monthly

..~u,~"uu"u~
Inhalalion .AvwageOral

Ingestion PAC
Air lJqnpen-

ALI (~Ci) (~CVrnJ) Itc
ati0

7nCVrnl
W,see"'''~c 1E+3 SE-? 2E-9

43 Technetium-97 0, see:;t.,~c 4E+4 SE+4 2E-S ?E-8 SEA SE-3
W, see ~Mm.yC 6E+3 2E-6 8E-9

43 Technetium-9a 0, see "'''m.yc 1E+3 2E+3 ?E-? 2E-9 1E-S 1EA
W, see ""m.yc 3E+2 1E-? 4E-10

43 Technetium- 0, see ""m.yc 8E+4 2E+S 6E-S 2E-? 1E-3 1E-2
99m W, see ~Mm.yc - 2E+S 1EA 3E-? -

43 Technetium-9g 0, see l;IsmTc 4E+3 SE+3 2E-6 6E-S 6E-4
- Stwall 8E-9 -

i6E+31
W, see m

Tc - ?E+2 3E-? 9E-10 -
43 Technetium- D, see ::I.jmTc 9E+4 3E+S 1E-4 SE-? - -

101
2 Stwall - - 2E-3 2E-2

i1E+Sl

W, see m
Tc - 4E+S 2EA SE-? - -

43 Technettum- OJ see ",,,mTc 2E+4 ?E+4 3E-S 1E-? - -
1042 Stwall - - 4E-4 4E-3

i3E+41
W, see ""m.yc - 9E+4 4E-S 1E-? - -

44 Ruthenium-94 0, all compounds 2E+4 4E+4 2E-S 6E-8 2E-4 2E-3
except those given
forW and Y
W, halides - 6E+4 3E-S 9E-8 - -
Y, oxides and - 6E+4 2E-S 8E-8 - -
hydroxides

44 Ruthenium-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 lI"Ru 1E+4 5E-6 2E-8 -

44 Ruthenium-103 OJ see .... Ru 2E+3 2E+3 ?E-? 2E-9 3E-S 3E-4

W, see Ru 1E+3 4E-? 1E-9 -
Y, see !f'Ru 6E+2 3E-? 9E-1Q -

44 Ruthenium-105 OJ see~Ru SE+3 1E+4 6E-6 2E-8 ?E-5 ?E-4

W, see '" Ru 1E+4 6E-6 2E-8

Y, see Ru 1E+4 SE-6 2E-8

44 Ruthenium-106 0, see~Au 2E+2 9E+1 4E-8 1E-1Q
LLI wall - 3E-6 3E-5
i2E+21

W,see Ru - SE+1 2E-8 8E-11 -
V, see ~Ru - 1E+1 5E-9 2E-11 - -

45 Rhodium-g9m 0, all compounds 2E+4 6E+4 2E-5 8E-8 2EA 2E-3
except those given
forW and V
W, halides - BE+4 3E-5 1E-? - -
V I oxides and - ?E+4 3E-5 9E-8 - -
hydroxides

45 Rhodium-99 D, see~"Rh 2E+3 3E+3 1E-6 4E-9 3E-S 3E-4

W, see ""'Rh - 2E+3 9E-? 3E-9 - -
V, see

mRh - 2E+3 8E-? 3E-9 - -
45 Rhodium-100 D, see ~mRh 2E+3 5E+3 2E-6 ?E-9 2E-5 2E-4

W,see~"Rh - 4E+3 2E-6 6E-9 - -
V, see "'''''"Rh - 4E+3 2E-6 5E-9 - -

45 Rhodium-1 01 m D, see mRh 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4
W, see ~mRh - 8E+3 4E-6 1E-8 - -
V, see l:f::fTflRh - 8E+3 3E-6 1E-8 - -

45 Rhodium-101 D, see ",,,mRh 2E+3 5E+2 2E-? ?E-1Q 3E-5 3E-4

W,see mRh 8E+2 3E-? 1E-9 -
V, see ~mRh 2E+2 6E-8 2E-10 -

45 Rhodium-102m D see l:f::fTIIRh 1E+3 5E+2 2E-? ?E-1Q
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Tableivalues
Table II Table III

Effluent Concentrations Releases to
Sewers

Col.! Co/.2.' Col. 3 Col. 1 Col. 2 Monthly

Oral
Inhalation Ave,"!}e

Ingestion DAC
Concen·

ALI (~Ci) (~CVml) (t<a1iO%
CVml

~L1 W~~I - - - 2E-5 2E-4
1E+3

W, see wmRh 4E+2 2E-7 5E-1O -
Y, seewmRh lE+2 5E-8 2E-10 -

45 Rhodium·102 0, see ~mRh 6E+2 9E+l 4E-8 1E-1O 8E-6 8E-5

W,see
99It1

Rh 2E+2 7E-8 2E-1O -
Y, see WTl1 Rh 6E+l 2E-8 8E-l1 -

45 Rhodium- 0, see lmmRh 4E+5 1E+6 5E-4 2E-6 6E-3 6E-2
103m2

W, see wmRh - 1E+6 SEA 2E-6 -
Y, see WrT1 Rh - 1E+6 5E-4 2E-6 -

45 Rhodium*105 0, see wmRh 4E+3 1E+4 5E-6 2E-8 -

~~J w~~1 - - 5E-5 SEA
4E+3

W,see Rh - 6E+3 3E-6 9E-9 - -
Y, see 99rnRh - 6E+3 2E-6 8E-9 - -

45 Rhodium-106m OJ seewrnRh 8E+3 3E+4 lE-5 4E-8 1E-4 lE-3
W, see !mmRh 4E+4 2E-5 5E-8 -
Y, see Rh 4E+4 lE-5 5E-8 -

45 Rhodium-107 0, see wmAh 7E+4 2E+5 lE-4 3E-7

~tw~~ - - 1E-3 1E-2
9E+4

W,see Rh 3E+5 1E-4 4E-7 -
Y,see 99fi1Rh - 3E+5 1E-4 3E-7 -

46 Palladium-iDa 0, 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 - lE+3 6E-7 2E-9 - -
hYdroxides

46 Palladium-101 D, see lUUPd lE+4 3E+4 lE-5 5E-8 2E-4 2E-3
W, see ,wpd - 3E+4 1E-5 5E-8 -
Y, see ,wpd - 3E+4 lE-5 4E-8

46 Paltadium-103 D, see Pd 6E+3 6E+3 3E-6 9E-9

~~I W~~I - - lE-4 1E-3
7E+3

W, see ,wpd 4E+3 2E-6 6E-9 - -
Y, see Pd - 4E+3 1E-6 5E-9 - -

46 Palladium-i07 0, see looPd 3E+4 2E+4 9E-6 - - -
~~J W:~I ';;dneX,S - 3E-8 SEA 5E-3
4E+4 2E+4

W,see Pd - 7E+3 3E-6 lE-8 - -
Y, see ,wpd - 4E+2 2E-7 6E-10 - -

46 Palladium-109 OJ see lWPd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
W, see 'WPd - 5E+3 2E-6 8E-9 -
Y, see Pd 5E+3 2E-6 6E-9

47 Silver-102'" 0, all compounds 5E+4 2E+5 8E-5 2E-7
except those given ~tw~~ - - 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 Silver·103
z D, see 'lfLAo 4E+4 1E+5 4E-5 lE-7 5E-4 5E-3

W, see wLAn - 1E+5 5E-5 2E-7 - -
Y, see ,wAo - 1E+5 5E-5 2E-7 - -

47 Silver·104m D
j
see 102Ao 3E+4 9E+4 4E-5 lE-? 4E-4 4E-3

W,see WLAo - lE+5 5E-5 2E-7 - -
Y, see ,wAn lE+5 5E-5 2E-? -

47 Silver·104i'.: D see Aa 2E+4 7E+4 3E-5 1E-? 3E-4 3E-3
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Table I Table II Table III

Oc<;upational Value~ Effluent Concentration~ Rel~a~~to
Sewers

Col.f Col.:! I· •Col. 3 Col. f Col. 2 Mont~Jy

Oral Inhalation
Water

Avcrage

Inge~tion DAe
Concen~

)(J~I/O?I)ALI (~Ci) (~CVml) CVml
W,see Aa · lE+S 6E·S 2E-7

Y,see Aa · lE+S 6E·S 2E-7 · ·

47 Silver-105 D, see ,wAQ 3E+3 lE+3 4E-7 lE-9 4E·S 4E-4
W, see ,v<Ag · 2E+3 7E-7 2E-9 ·

Y, see 'V< Aa · 2E+3 7E-7 2E-9 ·
47 Silver-106m D, see Aa 8E+2 7E+2 3E-7 lE-9 1E·S 1E-4

W, see ,wAQ · 9E+2 4E-7 lE-9 ·
Y, see 'WAg 9E+2 4E-7 lE-9 · ·

47 SHver-l06'" D, see IV' Ag 6E+4 2E+S 8E·S 3E-7 · ·
St. wall . · · 9E-4 9E-3
(6E+4l

W, see 'WAg 2E+S 9E·S 3E-7 · ·

Y, see ,v<Aa 2E+S 8E·S 3E-7 · ·

47 Silver~1OBm D,see Aa 6E+2 2E+2 8E-8 3E-10 9E-6 9E·S

W, see '"'AQ 3E+2 lE-7 4E-10 · ·

Y, see ,v'AQ 2E+l lE-8 3E-11 · ·

47 Sifver~110m D, see ,v<Aa SE+2 1E+2 SE-8 2E-1O 6E-6 6E·S

W,see Aa 2E+2 8E-8 3E-10 ·

Y, see '"'Aa 9E+1 4E-8 lE-lO ·

47 Silver-1ll D, see 'WAg 9E+2 2E+3 6E-7 · ·
LLI wall Liver 2E-9 2E·S 2E-4
(1E+31 (2E+31

W,see Aa 9E+2 4E-7 1E-9 ·
Y, see '"'AQ 9E+2 4E-7 1E-9 ·

47 Silver-112 D, see ,v<Ag 3E+3 8E+3 3E-6 1E-8 4E·S 4E-4
W, see ,v<Aa lE+4 4E-6 lE-8

Y, see Aa · 9E+3 4E-6 lE-8 ·

47 Sifver-115~ D, see '"'Ag 3E+4 9E+4 4E·S lE-7 ·
Stwall . 4E-4 4E-3
(3E+41

W,see Aa · 9E+4 4E·S lE-7 · ·

Y, see 'V'Ag · 8E+4 3E·S lE-7 · ·

48 Cadmium-l04<:: 0, all compounds 2E+4 7E+4 3E·S 9E-8 3E-4 3E-3
except those given
forW and Y
W, sulfides, · lE+S SE·S 2E-7 · ·
halides, and
nitrates
Y, oxides and · lE+S SE·S 2E-7 · ·
hydroxides

48 Cadmium·107 D, see 'u«Cd 2E+4 SE+4 2E·S 8E-8 3E-4 3E-3

W,see Cd · 6E+4 2E-5 8E-8 ·
V, see lU"lCd 5E+4 2E-5 7E·8 ·

48 Cadmium-lOg D, see 1l.}9Cd 3E+2 4E+l 1E-8 · ·

Kidneys Kidneys 7E-11 6E-6 6E·S
(4E+21 (SE+il

W, see lUG Cd 1E+2 SE-8 ·

Kidneys 2E-10
(1E+21

Y, see Cd lE+2 5E-8 2E-1O
48 Cadmium-113m D, see lU"lCd 2E+l 2E+O 1E-9 ·

Kidneys Kidneys · 5E-12 5E-7 SE-6
(4E+il (4E+Ol

W,see Cd 8E+O 4E-9 ·

Kidneys · 2E-ll ·
(1 E+i)

Y, see Iv< Cd lE+1 5E-9 2E-l1 · ·

48 Cadmium-113 D see Cd 2E+1 2E+O 9E-l0 ·
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Ta~::I\,Ial~OJl Table II
Table III

Effluent Concentrations Releases to
Sewers

Col.I Col. 2 ICol.S Col. I Col. 2 Monthly"«u,u"u,,,uo
Inhalation flYwage

Oral
Inge~~on DAC (Jollpe/17

ALI(~Ci) (~CVml) ,truo'!/).CVml
Kidneys ~;dnex~ SE-12 4E-7 4E-6
13E+i\ 3E+O

W, see 1U4
Cd - 8E+O 3E-9 - -

- ~idne;~ 2E-11 -
1E+1

Y,see Cd - 1E+1 6E-9 2E-11 -
48 Cadmium-115m OJ see l04Cd 3E+2 SE+1 2E-8 - 4E-6 4E-S

-
~:dnei~ - 1E-1O -

8E+1
W,see Cd - 1E+2 SE-8 2E-10 -
Y, see Cd - 1E+2 6E-8 2E-10

48 Cadmium-115 0, see lU4Cd 9E+2 1E+3 6E-7 2E-9 -

~~I W~~I - 1E-S 1E-4
1E+3

W,see Cd - 1E+3 SE-7 2E-9 - -
Y, see 1U4Cd - 1E+3 6E-7 2E-9 - -

48 Cadmium-117m 0, see Hl'1 Cd SE+3 1E+4 SE-6 2E-8 6E-S 6E-4
W, see ]l.J<lCd - 2E+4 7E-6 2E-8 - -
Y,see Cd - 1E+4 6E-6 2E-8 -

48 Cadmium-117 0, see Cd SE+3 1E+4 SE-6 2E-8 6E-S 6E-4

W, see lU4Cd - 2E+4 7E-6 2E-8 -
V, see lU4Cd - 1E+4 6E-6 2E-8 -

49 Indium-109 0, all compounds 2E+4 4E+4 2E-S 6E-8 3E-4 3E-3
except those given
forW
W, oxides, 6E+4 3E-S 9E-8 -
hydroxides,
halides, and
nitrates

49 Indium-110' D, see lU'::ltn 2E+4 4E+4 2E-S 6E-8 2E-4 2E-3
(69.1 min) W,see In 6E+4 2E-S 8E-8 -

49 Indium-110 0, see lOYln SE+3 2E+4 7E-6 2E-8 7E-S 7E-4
(4.9 h) W, see 11,"'10 2E+4 8E-6 3E-8 -

49 Indium-iii OJ see tWin 4E+3 6E+3 3E-6 9E-9 6E-S 6E-4

W,see In 6E+3 3E-6 9E-9 - -
49 Indium-112<;: 0, see lW tn 2E+S 6E+S 3E-4 9E-7 2E-3 2E-2

W, see lW tn 7E+S 3E-4 1E-6 - -
49 Indium-113m D,see 1t!l;ln SE+4 1E+S 6E-S 2E-7 7E-4 7E-3

W, see 10Yln 2E+S 8E-S 3E-7 - -
49 Indium-114m OJ see HJY1n 3E+2 6E+1 3E-8 9E-11 - -

LLI wall - - SE-6 SE-S
14E+2\

W, see 10910 1E+2 4E-8 1E-1O - -
49 Indium-115m 0, see JOYln 1E+4 4E+4 2E-S 6E-8 2E-4 2E-3

W,see [Win SE+4 2E-S 7E-8 - -
49 Indium-115 0, see 1~ln 4E+1 1E+O 6E-10 2E-12 SE-7 SE-6

W, see lWln SE+O 2E-9 8E-12 - -
49 Indium·116m

z D, see lUHln 2E+4 8E+4 3E-S 1E-7 3E-4 3E-3
\Y, see !I.J')In - IE+5 5E-5 2E-7 -

49 Indium·117m D, see In 1E+4 3E+4 1E-S SE-8 2E-4 2E-3
W, see lWln 4E+4 2E-S 6E-8 -

49 Indium-117z D, see lUHln 6E+4 2E+S 7E-S 2E-7 8E-4 8E-3

W, see 'Wln - 2E+S 9E-S 3E-7 -
49 Indium-119m D, see In 4E+4 1E+S SE-S 2E-7 -

~IW~~ - - - 7E-4 7E-3
SE+4

W, see lWln - 1E+S 6E-S 2E-7 -
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Tab'\values
Table II

Table III

Effluent Concentrations Releases to
Sewers

Cof.1 Col. 2 ·1 •. Col. :3 Col. I Col. 2 MontW

Oral
Inhalalion AVerage

Ingeslion PAC
Concen~

Iratip;1lALI (~Ci) (~CVml) (uCVml
50 Tln-110 0, all compounds 4E+3 1E+4 5E-6 2E·8 5E-5 5EA

except those given
forW
W,suffides, - lE+4 5E-6 2E-8 - -
oxides, hydroxides,
halides, nitrates,
and stannic
nhosnhate

50 Tin-iii':: 0, see Sn 7E+4 2E+5 9E-5 3E-7 lE-3 1E-2

W,see lOSn - 3E+5 lE-4 4E-7

50 Tln-113 0, see lOSn 2E+3 1E+3 5E-7 2E-9 - -

~~I W~:I - 3E-5 3E-4
2E+3

W,see lOSn 5E+2 2E-7 8E-1O - -
50 Tin-117m 0, see l1USn 2E+3 1E+3 5E-7 - -

~~I W~~I B~ne ~~rl 3E-9 3E-5 3E-4
2E+3 2E+3

W, see Sn - lE+3 6E-7 2E-9 - -
50 Tin-119m D, see 110Sn 3E+3 2E+3 1E-6 3E-9 - -

~~IW~:I - - 6E-5 6E-4
4E+3

W,see Sn - 1E+3 4E-7 1E-9

50 Tin-121m 0, see Sn 3E+3 9E+2 4E-7 1E-9

~~IW~:I - - - 5E-5 5E-4
4E+3

W,see ,uSn - 5E+2 2E-7 8E-1O

50 Tin-121 0, see Sn 6E+3 2E+4 6E-6 2E-8 -
~;I W~:I

- 8E-5 8E-4
6E+3

W,see ,uSn 1E+4 5E-6 2E-8 - -
50 Tin-123m' D, see Sn 5E+4 1E+5 5E-5 2E-7 7E-4 7E-3

W, see lUSn 1E+5 6E-5 2E-7 - -
50 Tin-123 0, see llUSn 5E+2 6E+2 3E-7 9E-l0 - -

LLI wall - 9E-6 9E-5
16E+2\

W, see 110Sn - 2E+2 7E-8 2E-l0

50 Tin-125 0, see 1108n 4E+2 9E+2 4E-7 lE-9 -
LLI wall - - - 6E-6 6E-5
15E+2\

W, see 110Sn - 4E+2 lE-7 5E-1O -
50 Tin-126 D, see IlUSn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5

W,see ,uSn - 7E+1 3E-8 9E-11 -
50 Tin-127 0, see Sn 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4

W,see ,uSn 2E+4 8E-6 3E-8 - -
50 Tin-128'" 0, see nUSn 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3

W,see Sn 4E+4 1E-5 5E-8 - -
51 Antimony-115t: 0, all compounds 8E+4 2E+5 1E-4 3E-7 1E-3 lE-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
116m2

W,see Sb - 1E+5 6E-5 2E-7 -
51 Antimony-116 D, see ""Sb 7E+4 3E+5 1E-4 4E-7 - -

~I wa;~ - lE-3 1E-2
9E+4

W,see Sb 3E+5 lE-4 5E-7 - -
51 Antimony-117 D, see '''Sb 7E+4 2E+5 9E-5 3E-7 9E-4 9E-3
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Tablell Value$.
Table II Table 111

Effluent Concentrations Relea$e$ to
Sewers

Col.I CoI.2 I Col. 3 Col. I Col. 2 Monthly

Oral Inhalation /lverage

Inge$lion DAC
Concen--:
!rationAll (~Ci) (~CVml) •IuCVmlJ

W,see "Sb · 3E+5 lE-4 4E·7 · ·

51 Antimony-118m 0, see ,oSb 6E+3 2E+4 BE·6 3E·B 7E·5 7E-4

W,see Sb 5E+3 2E+4 9E·6 3E·B · ·

51 Antimony-119 D, see' "Sb 2E+4 5E+4 2E·5 6E·B 2E·4 2E·3

W,see ,oSb 2E+4 3E+4 lE·5 4E·B · ·

51 Antimony-120 0, see Sb lE+5 4E+5 2E-4 6E·7 · ·

(16 min) Stwall · 2E·3 2E·2
(2E+5)

W,see ,oSb 5E+5 2E-4 7E·7 ·

51 Antimony-120 D, see' ,oSb lE+3 2E+3 9E·7 3E·9 lE·5 lE·4
(5.76 d) W,see Sb 9E+2 lE+3 5E·7 2E·9

51 Antimony-122 D, see' "Sb BE+2 2E+3 lE·6 3E·9
LLI wall . · lE·5 lE·4
(BE+21

W,see Sb 7E+2 lE+3 4E·7 2E·9
51 Antimony- 0, see l1°Sb 3E+5 BE+5 4E·4 lE·6 3E·3 3E·2

124m2
W, see II::ISb 2E+5 6E+5 2E-4 BE·7 ·

51 Antimony-124 0, see I "'Sb 6E+2 9E+2 4E·7 lE·9 7E·6 7E·5

W,see Sb 5E+2 2E+2 lE·7 3E·l0 · ·

51 Antimony-125 D, see '''Sb 2E+3 2E+3 lE·6 3E·9 3E·5 3E·4
W, see IIOSb · 5E+2 2E·7 7E·1O · ·

51 Antimony- D, see "oSb 5E+4 2E+5 BE·5 3E·7 · ·

126m
2 Stwall · 9E-4 9E·3

(7E+41
W, see' "Sb · 2E+5 BE·5 3E·7 · ·

51 Antirnony-126 D, see' "Sb 6E+2 lE+3 5E·7 2E·9 7E·6 7E·5

W,see ,oSb 5E+2 5E+2 2E·7 7E·1O · ·

51 Antirnony-127 D, see Sb BE+2 2E+3 9E·7 3E·9 · ·
LLI wall · lE-5 lE·4
(BE+2)

W, see "oSb 7E+2 9E+2 4E·7 lE·9 · ·
51 Antimony-128 D, see Sb BE+4 4E+5 2E·4 5E-7 ·

(lOA min) 8t wall · lE·3 lE·2
(1 E+5)

W, see' "Sb 4E+5 2E-4 6E·7 ·

51 Antimony-128 0, see Sb lE+3 4E+3 2E·6 6E·9 2E·5 2E·4
(9.01 h) W, see' "Sb 3E+3 lE·6 5E·9

51 Antimony-129 D, see "oSb 3E+3 9E+3 4E·6 lE·B 4E·5 4E-4

W,see Sb 9E+3 4E·6 lE·B
51 Antimony-130 0, see Sb 2E+4 6E+4 3E·5 9E·B 3E·4 3E·3

W, see IIOSb BE+4 3E·5 lE·7
51 Antimony-131" 0, see' '::ISb lE+4 2E+4 lE·5 · ·

~2yro~~ Thyroid · 6E·B 2E-4 2E·3
2E+4 (4E+4)

W, see' "Sb · 2E+4 lE·5 · ·

· Thyroid · 6E·B · ·
(4E+41

52 Tellurium-116 OJ all compounds BE+3 2E+4 9E·6 3E·B lE-4 lE·3
except those given
forW
W, oxides, · 3E+4 lE·5 4E-B · ·
hydroxides, and
nitrates

52 Tellurium-121m D, see '''Te 5E+2 2E+2 BE·B · · ·
Bone surf Bone surf · 5E·1O lE·5 lE-4

(7E+21 4E+21
W, see ""Te · 4E+2 2E·7 6E·l0 ·

52 Tellurium-121 0, see I~e 3E+3 4E+3 2E·6 6E·9 4E·5 4E·4
W, see' '''Te · 3E+3 lE·6 4E·9
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Table I Table II Table III
Relea$e$ to

~up~tlonal Values EffluenlConcenlrations Sewers
• n.A'_ ""A_ Col. ! Col. 2 Col. 3 Col.! Col. 2 Monll]/y

Oral Inhalation Average

Ingestion DAC Cqllc~n~

Iratio!)ALI (~Ci) (~CUrnl) 'C ..,
1uCVrnIJ

52 Tellurium-123m D, see "''Te 6E+2 2E+2 9E-B - - -
Bone surf Bone surf - BE-1Q lE-5 lE-4

(lE+3) (5E+2\

W, see 'Te - 5E+2 2E-7 BE-1Q
52 Tellurium-123 D, see "'Te 5E+2 2E+2 BE-B - -

Bone surf Bone surf - 7E-1Q 2E-5 2E-4
(lE+3) (5E+2\

W,see 'Te - 4E+2 2E-7 - -
Bone surf - 2E-9 -

(lE+3)
52 Tellurium-125m D, see' "'Te lE+3 4E+2 2E-7 - -

Bone surf Bone surf - lE-9 2E-5 2E-4
11 E+31 lE+3\

W, see lltTe 7E+2 3E-7 lE-9 -
52 Tellurium-127m 0, see '''Te 6E+2 3E+2 lE-7 - 9E-6 9E-5

Bone surf 6E-1Q - -
(4E+2)

W,see ,e 3E+2 lE-7 4E-l0 -
52 Tellurium-127 0, see '''Te 7E+3 2E+4 9E-S 3E-B lE-4 lE-3

W, see' '''Te 2E+4 7E-6 2E-B - -
52 Tellurium-129m 0, see ',e 5E+2 6E+2 3E-7 9E-l0 7E-6 7E-5

W,see ,e 2E+2 lE-7 3E-1Q - -
52 Tellurium-129i! OJ see '''Te 3E+4 6E+4 3E-5 9E-B 4E-4 4E-3

W, see ""Te 7E+4 3E-5 lE-7 -
52 Tellurium-131m D,see ',e 3E+2 4E+2 2E-7 -

Thyroid Thyroid 2E-9 BE-S BE-5
(SE+2) I1E+31

W, see' '''Te - 4E+2 2E-7 -
- Thyroid lE-9 -

19E+2\
52 Tellurium-131 D,see ,e 3E+3 5E+3 2E-6 -

Thyroid Thyroid - 2E-B BE-5 BE-4
(6E+3) (lE+4)

W,see ',e - 5E+3 2E-6 - - -
- Thyroid - 2E-B - -

(1 E+4)
52 Tellurium-132 Dr see '''Te 2E+2 2E+2 9E-B - -

Thyroid Thyroid - lE-9 9E-S 9E-5
(7E+2) (BE+2\

W,see '''Te 2E+2 9E-B - -
- Thyroid - 9E-l0 -

(SE+2\
52 Tellurium- D, see ,e 3E+3 5E+3 2E-S - -

133m2 Thyroid Thyroid - 2E-B 9E-5 9E-4
(6E+31 (lE+4)

W,see ',e 5E+3 2E-S - - -
Thyroid 2E-B - -
(lE+41

52 Tellurium·l33i! D, see' '''Te lE+4 2E+4 9E-S - - -
Thyroid Thyroid BE-B 4E-4 4E-3
13E+41 (6E+4)

W,see '''Te 2E+4 9E-S - -
Thyroid BE-B - -
16E+41

52 Tellurium-134" 0, see ',e 2E+4 2E+4 lE-5 - -
Thyroid Thyroid 7E-B 3E-4 3E-3
(2E+4) (5E+4)

W,see '''Te - 2E+4 lE-5 -
- Thyroid 7E-B -

15E+41
53 lorline-l?Om' D all compounds lE+4 2E+4 9E-S 3E-B -
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Ta~lelvalue~ Table II T~~lelil

Effluent Concentrations Releases to
Sewers

Col. 1 Col. 2 1 GoJ.S Gal. 1 Gal. 2 Monthly

Oral Inhalation AVerage

Ingestion DAC
Concen~

tratio:\lALI (~Ci) (~CVml) JuCVml
Thyroid - - 2E-4 2E-3
(1 E+4)

53 lodine-120'" 0, all compounds 4E+3 9E+3 4E-6 - - -
Thyroid

i~yro~~
2E-6 1E-4 1E-3

(8E+3) 1E+4
53 lodine-121 D, all compounds 1E+4 2E+4 8E-6 - -

i,hyrO~~ Thyroid 7E-8 4E-4 4E-3
3E+4 (5E+4)

53 lodine-123 D, all compounds 3E+3 6E+3 3E-6 - -
Thyroid Thyroid - 2E-8 1E·4 1E-3
11 E+4) 12E+4)

53 lodine-124 OJ all compounds 5E+1 8E+1 3E·8 - -
Thyroid Thyroid - 4E-1O 2E-6 2E-5
(2E+21 (3E+21

53 IOOine-125 0, all compounds 4E+1 6E+1 3E-8 -

i,hYro~~ i~yroid - 3E-10 2E-6 2E-5
1E+2 2E+2)

53 lodine-126 0, all compounds 2E+1 4E+1 1E-8 -
Thyroid Thyroid 2E-10 1E·6 1E-5
(7E+11 11 E+21

53 lodine-128< D, all compounds 4E+4 1E+5 5E-5 2E-7 -
Stwall - 8E-4 8E-3
(6E+4)

53 IOOine-129 D, all compounds 5E+O 9E+O 4E-9 - -
Thyroid Thyroid 4E-11 2E-7 2E-6
12E+1l 13E+11

53 lodine-130 0, all compounds 4E+2 7E+2 3E-7 - - -
Thyroid Thyroid - 3E-9 2E-5 2E-4
11 E+3) 12E+31

53 lodine-131 0, all compounds 3E+1 5E+1 2E-8 - -
Thyroid

i~Yro~~ - 2E-10 1E-6 1E-5
(9E+1l 2E+2

53 lodine-132m:<: 0, all compounds 4E+3 8E+3 4E-6

i~Yro;~ i~yroid - 3E-8 1E-4 1E-3
1E+4 2E+4)

53 IOOine-132 D, all compounds 4E+3 8E+3 3E-6 - -
Thyroid Thyroid 2E-8 1E-4 1E-3
19E+31 11E+41

53 lodine-133 D, all compounds 1E+2 3E+2 1E-7 - -
Thyroid Thyroid 1E-9 7E-6 7E-5
(5E+2) (9E+2)

53 iOOine-134< 0, all compounds 2E+4 5E+4_ 2E-5 6E-8 - -

i~yro;~ - - 4E·4 4E-3
3E+4

53 lodine-135 0, all compounds 8E+2 2E+3 7E-7 - -

i~yroi~ Thyroid - 6E-9 3E-5 3E-4
3E+3 14E+3)

54 Xenon·120 Submersion - 1E-5 4E-8 - -
54 Xenon-121

z
'Submersion - - 2E-6 1E-8 - -

54 Xenon·122 Submersion - - 7E-5 3E·7 -
54 Xenon-123 Submersion - - 6E-6 3E-8

54 Xenon·12S 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 I 1E-4 6E-7 -
54 Xenon-133 Submersion - 1E-4 5E-7 -
54 Xenon-135mL:. Submersion - 9E-6 4E-8 - -
54 Xenon-135 Submersion1 - 1E-5 7E-8 - -
54 Xenon-13S<! Submersion 1 - 4E-6 2E-8 - -
55 Cesium-12SL:. 0, all compounds 5E+4 1E+5 6E-5 2E-7 - -
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Tablel.val~.es Table II Table III
A, Effluent Concentrations Releases to

Sewers
CoLI Co!, 21 Co!, 3 Co!,! Co!, 2 MonmJy

Oral
Inhalation Average

Ingestion DAe C(}ncEm-
Iration

ALI(~Ci) (~QVml) (uCVmIJ
Stwall tE,3 lE-2
19E+4)

55 Cesium-127 OJ all com Gunds 6E+4 9E+4 4E-5 lE-7 9E-4 9E-3
55 Cesium-129 0, all comoounds 2E+4 3E+4 lE-5 5E-B 3E-4 3E-3
55 Cesium-130 0, all compounds 6E+4 2E+5 BE-5 3E-7 - -

8t walt - - - lE-3 lE-2
(lE+5)

55 Cesium-131 D, all compounds 2E+4 3E+4 lE-5 4E-B 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 0, all compounds lE+5 lE+5 6E-5 2E-7 -

Stwall - - 2E-3 2E-2
(1 E+5l

55 Cesium-134 OJ all compounds 7E+l lE+2 4E-B 2E-l0 9E-7 9E-6
55 Cesium-135m" OJ all compounds lE+5 2E+5 BE-5 3E-7 lE-3 1E-2

55 Cesium-135 0, all comoQunds 7E+2 lE+3 5E-7 2E-9 lE-5 lE-4
55 Cesium-136 0, all COffioounds 4E+2 7E+2 3E-7 9E-1O 6E-6 6E-5
55 Cesium-137 0, all comoounds lE+2 2E+2 6E-B 2E-1O lE-6 lE-5
55 Cesium-138" 0, all compounds 2E+4 6E+4 2E-5 BE-B - -

Stwall - - - 4E-4 4E-3
(3E+4)

56 Barium-12S<': 0, all compounds 6E+3 2E+4 6E-6 2E-B BE-5 BE-4

56 Barium-128 0, all compounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m" 0, all compounds 4E+5 lE+6 6E-4 2E-6 -

Stwall - - 7E-3 7E-2
(5E+51

56 Barium-131 OJ all compounds 3E+3 BE+3 3E-6 lE-B 4E-5 4E-4
56 Barium-133m OJ all compounds 2E+3 9E+3 4E-6 lE-B - -

LLI wall - 4E-5 4E-4
13E+31

56 Barium-133 OJ all compounds 2E+3 7E+2 3E-7 9E-l0 2E-5 2E-4
56 Barium-135m 0, all compounds 3E+3 lE+4 5E-6 2E-B 4E-5 4E-4
56 Barium-139 0, all compounds lE+4 3E+4 lE-5 4E-B 2E-4 2E-3

56 Barium-140 0, all compounds 5E+2 lE+3 6E-7 2E-9 -
LLI waif - - BE-6 BE-5
16E+21

56 Barium·141 0, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
56 Barium-142

z 0, all compounds 5E+4 lE+5 6E-5 2E-7 7E-4 7E-3

57 Lanthanum~ 0, all compounds 5E+4 lE+5 5E-5 2E-7 6E-4 6E-3
131' except those given

forW
W, oxides and - 2E+5 7E-5 2E-7 -
hydroxides

57 Lanthanum-132 0, see 'v'La 3E+3 lE+4 4E-6 lE-B 4E-5 4E-4

W,see La - lE+4 5E-6 2E-B - -
57 Lanthanum·135 D,see !':lILa 4E+4 lE+5 4E-5 lE-7 5E-4 5E-3

W,see'vlLa - 9E+4 4E-5 lE-7 - -
57 Lanthanum-137 0, see 'viLa lE+4 6E+l 3E-B - 2E-4 2E-3

-
(;ive;) - lE-lO -
7E+l

W, see IvlLa 3E+2 lE-7 -
Liver - 4E-l0 -

13E+21
57 Lanthanum-138 0, see l<ll la 9E+2 4E+O lE-9 5E-12 lE-5 lE-4

W, see 'viLa - lE+l 6E-9 2E-ll - -
57 Lanthanum-140 Dr see 'v'La 6E+2 lE+3 6E-7 2E-9 9E-6 9E-5

W,see La - lE+3 5E-7 2E-9 - -
57 Lanthanum-141 0, see l<ll La 4E+3 9E+3 4E-6 lE-B 5E-5 5E-4

W, see 'v'La - lE+4 5E-6 2E-B -
57 Lanthanum- 0, see 'v'La BE+3 2E+4 9E-6 3E-B lE-4 lE-3

142' W,see La - 3E+4 lE-5 5E-B -
57 Lanthanum- Osee 1<lILa 4E+4 lE+5 4E-5 1E-7 - -
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Tablel Values
Table II Table III

"- Effluent Concentrations HeleCis~s to
Sewers

Col. 1 CoJ.2ICoJ. 3 Col. 1 Col. 2 !;1()nthly

Oral Inhalation Averagf!
Ingestion DAC ,..". c" Concen-

trall()n
ALI(~Ci) (~CVml) luCVm/)

1432 Stwall 5E-4 5E-3
(4E+41

W,see La - 9E+4 4E-5 lE-7 -
58 Cerium-134 W, all compounds 5E+2 7E+2 3E-7 lE-9 - -

except those given LLI wall - 8E-6 8E-5
for Y f6E+2)
Y,oxides, - 7E+2 3E-7 9E-l0 - -
hydroxides, and
ffuorides

58 Cerium-135 W, see I<Y+Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y, see 1"~Ce 4E+3 1E-6 5E-9 -

58 Cerium-137m W, see ,->'tee 2E+3 4E+3 2E·6 6E-9 -
LLI wall - - 3E-5 3E-4

. (2E+31
Y, see 1,}~Ce - 4E+3 2E-6 5E-9 -

58 Cerium-137 W, see ''''ee 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

Y,see Ce - lE+5 5E-5 2E-7 - -
58 Cerium-139 W,see Ce 5E+3 8E+2 3E-7 lE-9 7E-5 7E-4

Y, see '.;!'ICe - 7E+2 3E-7 9E-l0 -
58 Cerium-141 W, see '''><Ce 2E+3 7E+2 3E-7 lE-9 - -

LLJ wall - - 3E-5 3E-4
f2E+31

Y, see ''''ICe 6E+2 2E-7 8E-1O -
58 Cerium-143 W, see ,.>Lee lE+3 2E+3 8E-7 3E-9 - -

LLI wall - - - 2E-5 2E-4
I1E+31

Y,see Ce 2E+3 7E-7 2E-9

58 Cerium-144 W, see ',;)Lee 2E+2 3E+l lE-8 4E-11
LLI wall - 3E-6 3E-5
(3E+21

Y,see Ce - lE+1 6E-9 2E-11 -
59 Praseodymium- W, all compounds 5E+4 2E+5 lE-4 3E-7 - -

136' except those given Stwall lE-3 1E-2
for Y (7E+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 hltipr 1E+5 6E-5 2E-7 -

59 Praseodymium- W, see ',ffiPr lE+4 5E+4 2E-5 8E-8 1E-4 1E-3
138m Y,see ,,,oPr - 4E+4 2E-5 6E-8 - -

59 Praseodymium- W,see Pr 4E+4 lE+5 5E-5 2E-7 6E-4 6E-3
139 Y, see \'}°Pr - lE+5 5E-5 2E-7 -

59 Praseodymium- W, see I=Pr 8E+4 2E+5 7E'5 2E-T lE-3 1E-2
142m2 Y, see l"UPr - lE+5 6E-5 2E-7 - -

59 Praseodymium- W,see Pr 1E+3 2E+3 9E-7 3E-9 lE-5 lE-4
142 Y, see ]<ltlpr - 2E+3 BE-7 3E-9 -

59 Praseodymium- W, see !=Pr 9E+2 8E+2 3E-7 1E-9 -
143 LLI wall - - - 2E-5 2E-4

f1E+31
Y,see l;jtlpr 7E+2 3E-7 9E-1O -

59 Praseodymium- W, see l..lOpr 3E+4 lE+5 5E-5 2E-7 - -
144' Stwall - - 6E-4 6E-3

14E+41
Y, see l<ltlpr - 1E+5 5E-5 2E-7 -

59 Praseodymium- W, see hmpr 3E+3 9E+3 4E-6 lE-8 4E-5 4E-4
145 Y, see ,,,uPr - 8E+3 3E-6 lE-8 -

59 Praseodymium- W see Pr 5E+4 2E+5 8E-5 3E-7 - -

28



Table I Table II
Table III

Occupational Val~es E;ff1uent Concentrations
Releases· to

Sewers
~ ..A', ."A, CoI.1 Co/.2 I Col. 3 Col. I Col. 2 Mgnthly

Oral Inhalation
Air

Average
Ingestion DAC

C()ncen~

tration
ALI (pCi) (pCVml) (IlCVmll

1472: ~IW~~
- - 1E-3 1E-2

8E+4
Y, see l:Jtipr - 2E+5 8E-5 3E-7 - .

60 Neodymiurn- W, all compounds 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3
1362 except those given

for Y
Y, oxides, - 5E+4 2E-5 8E-8 - -
hydroxides,
carbides, and
fluorides

60 Neodymiurn- W, see l;.RiNd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
138 Y, see 'OJoNd - 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 Neodymiurn- W, see l;;H:iNd 9E+4 3E+5 1E-4 5E-7 1E·3 1E-2

139
2

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 ~~IW~:I - 2E-5 2E-4
1E+3

Y, see Nd - 8E+2 4E-7 1E-9 -
60 Neodymium- W, see l;st)Nd 1E+4 3E+4 1E-5 4E-8 1E-4 1E-3

149' Y, see l~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+S 8E-5 3E-7
141' except those given

for Y
~IW~~ - 8E-4 8E-3
6E+4

Y, oxides, 2E+5 7E-5 2E-7 -
hydroXides,
carbides, and
fluorides

61 Promethium· W, see 1< Pm 5E+3 6E+2 2E-7 8E-1O 7E-5 7E-4
143 Y, see Pm 7E+2 3E-7 1E-9 -

61 Promethium- W, see II Pm 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4
144 V, see Pm - 1E+2 5E-8 2E-10 - -

61 Promethlum- W,ses Pm 1E+4 2E+2 7E-8 - 1E-4 1E-3
145 - B~ne ~~rl - 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 Pm - 4E+1 2E-8 6E-11 - -
61 Promethium- W, see l~ Pm 4E+3 1E+2 5E-8 - - -

147 LLI wall Bone surf - 3E-1O 7E-5 7E-4
15E+3\ 12E+2\

Y,see Pm - 1E+2 6E-8 2E-10 - -
61 Promethium- W, see 1~ Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E-4

148m
Y,see Pm - 3E+2 1E-7 5E-10 - -

61 Promethium· W, see 14 Pm 4E+2 5E+2 2E-7 8E-1O - -
148 ~i' w;~1

- - 7E-6 7E-5
5E+2

Y, see Pm - 5E+2 2E-7 7E-1O .
61 Promethium- W, see 14 Pm 1E+3 2E+3 8E-7 3E-9 - -

149 ~~I w~~1 - - 2E-5 2E-4
1E+3

Y,see Pm - 2E+3 8E-7 2E-9 -
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Table I Table Table III

Occupalional Value~ Effluent Concentrations ReleasEJsto
Sewers

Col.I Col. 2 I >Co1.3 Col. I Col.:2 Mpnthly

Oral Inhalation Av~rage

Ingeslion DAC ,...... C-n
Concen-

ALI(~Ci) (t~tionALI (~9i) (~9Vml) 'C ..' CVm/J
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 Pm 2E+3 4E+3 lE-6 5E-9 2E-5 2E-4

151 Y, see 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 8E-5 2E-7
Stwall - 8E-4 8E-3
16E+4)

62 Samarium-142 W, all compounds 8E+3 3E+4 lE-5 4E-8 lE-4 lE-3

62 Samarium~145 W, all compounds 6E+3 5E+2 2E-7 7E-l0 8E-5 8E-4
62 Samarium-146 W, all compounds lE+l 4E+2 1E-ll - - -

Bone surf Bone surf - 9E-14 3E-7 3E-6
13E+l\ 16E-2\

62 Samarium-147 W, all compounds 2E+l 4E-2 2E-ll - - -
Bone surf Bone surf - lE-13 4E-7 4E-6

(3E+l\ (7E-2)
62 Samarium-15i W, all compounds lE+4 lE+2 4E-8 - - -

LUwall Bone surf - 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 -
LLI wall - 3E-5 3E-4
(2E+3)

62 Samarium-15S':: W, all compounds 6E+4 2E+5 9E-5 3E-7 -
Stwall - lE-3 lE-2
(8E+4)

62 Samarium-iS6 W, all compounds 5E+3 9E+3 4E-6 lE-8 7E-5 7E-4
63 Europium·145 W, all compounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
63 Europium-146 W, all compOunds lE+3 lE+3 5E-7 2E-9 lE-5 lE-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 lE+3 4E+2 lE-7 5E-1O lE-5 lE-4
63 Europium-149 W, all compounds lE+4 3E+3 lE-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 lE-8 4E-5 4E-4

112.62 h\
63 Europium·150 W, all compounds 8E+2 2E+1 8E-9 3E-ll lE-5 lE-4

134.2 v)

63 Euro ium-152m W, all comoounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Euro ium·152 W, all comoounds 8E+2 2E+l lE-8 3E-ll lE-5 lE-4
63 Euro ium-154 W, all comoounds 5E+2 2E+l 8E-9 3E-ll 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+l 4E-8 5E-5 5E-4

- Bone surf 2E-l0 -
(lE+2\

63 Euro ium-156 W, all comoounds 6E+2 5E+2 2E-7 6E-l0 8E-6 8E-5
63 Euro ium·157 W, all comoounds 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- 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 D, see '''Gd lE+3 lE+2 5E-8 2E-l0 2E-5 2E-4

W,see "Gd 3E+2 lE-7 4E-l0 -
64 Gadolinium-147 D, see Gd 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 lE+l 8E-3 3E-12 - -

Bone surf Bone surf - 2E-14 3E-7 3E-6
12E+1\ 12E+2)

W,see Gd 3E-2 1E-l1 - -
Bone surf 8E-14 - -

(6E-2\
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T~ble T~blell
T~blelll

Effluent Concentrations
Releases to

Sewers
"L -" Col. I Col. 2 I· .Col. 3 Col. I Col. 2 Monlhly

Oral Inhalation Aywage

Ingestion DAC
Concen-

AlI(~Ci) (~CVml) i!;r,iOZ,
CVml

64 Gadolinium-149 D, see Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4

W,see Gd - 2E+3 lE·6 3E-9

64 Gadolinium-151 D, see 14t1Gd 6E+3 4E+2 2E-7 9E-5 9E-4
- Bone surf 9E-l0

16E+21
W,see Gd lE+3 5E-7 2E-9 -

64 Gadoliniurn-152 D, see '''Gd 2E+l lE·2 4E-12 -
Bone surf Bone surf 3E-14 4E-7 4E-6

(3E+1\ 12E-21
W,see Gd - 4E-2 2E-l1 - -

-
BTi

ne
~rrt

1E-13
8E-2

64 Gadolinium-153 D, see 14:;>Gd 5E+3 lE+2 6E-8 - 6E-5 6E-4
- B~ne surt 3E-l0

2E+21
W, see '''Gd - 6E+2 2E-7 8E-1O

64 Gadolinium-159 D, see '''Gd 3E+3 8E+3 3E-6 lE·8 4E-5 4E-4

W,see '"Gd - 6E+3 2E-6 8E-9

65 Terbium*147 W, all compounds 9E+3 3E+4 lE-5 5E-8 lE·4 lE-3

65 Terbium-149 W, all comoounds 5E+3 7E+2 3E-7 lE-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 COffioounds 4E+3 9E+3 4E·6 lE-8 5E-5 5E-4
65 Terbium-153 W, all comoounds 5E+3 7E+3 3E-6 lE-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 lE-8 8E-5 8E-4
65 Terbium*156m W, all compounds 2E+4 3E+4 lE-5 4E-8 2E-4 2E-3

15.0 hl
65 Terbium-156m W, all compounds 7E+3 8E+3 3E·6 lE·8 lE-4 lE-3

(24.4 h)
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 1E-7 - -

~~I W:~I B~ne ~~rt - 8E-1O 7E-4 7E-3
5E+4 6E+2

65 Terbium-158 W, all compounds lE+3 2E+l 8E-9 3E-ll 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 -

~i'W~;'
- - - 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 1E-4
(8E+21

67 Holmium-155t:C 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-159z W, all compounds 2E+5 lE+6 4E-4 lE-6 3E-3 3E·2
67 Holmium·161 W, all comoounds 1E+5 4E+5 2E-4 6E-7 lE·3 lE·2
67 Holmium- W, all compounds 5E+4 3E+5 lE·4 4E·7 7E-4 7E-3

162m2

67 Holmium-162z W, all compounds 5E+5 2E+6 lE-3 3E-6 - -
Siwall - - - lE-2 1E·l
18E+51

67 Holmium- W, all compounds lE+5 3E+5 lE·4 4E·7 lE·3 lE-2
164m2

67 Holmh,m-1e4' W, all comoounds 2E+5 6E+5 3E-4 9E-7 - -

31



Tabl~ Table II T~bleJjf

Effluent Coneentrallons Rel'*lses to
Sewers

Co/. 1 Co/.2 I Col. 3 Col. 1 Co/.2 Mqnthly

Oral Inhalallon AViJ.'llYe.
Ingestio.n PAC

c;pn(;e{}~

tration
ALI (~Ci) (~CVml) luCVml1

Stwall - 3E-3 3E-2
(2E+5l

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 -

~!L1 W~:I - - 1E-5 1E-4
9E+2

67 Holmium-16? W, all comDounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-i61 W, all compounds 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-i6S 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 - -

~~I W~:I - 5E·5 5E-4
4E+3

68 Erbium-1?1 W, all comoounds 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
11 E+3\

69 Thulium-162 W, all compounds 7E+4 3E+5 1E-4 4E-7
Stwall - - 1E-3 1E-2
(7E+4l

69 Thulium-166 W, all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E·4
69 Thulium-i6? W, all compounds 2E+3 2E+3 8E-7 3E-9 - -

~~IW~:I - - 3E-5 3E-4
2E+3

69 Thulium-170 W, all compounds 8E+2 2E+2 9E-8 3E-1O - -
LLI wall - 1E-5 1E-4
(1 E+31

69 Thulium-17i W, all compounds 1E+4 3E+2 lE-7 - -
LLI wall Bone surf - 8E-1O 2E-4 2E-3
(1 E+4l 16E+2\

69 Thulium-172 W, all compounds 7E+2 1E+3 5E-7 2E-9 .

~;I W~:I - - 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-17St!. W, all compounds 7E+4 3E+5 1E-4 4E-7 .

Stwall - - 1E-3 1E-2
19E+41

70 Ytterbium-162 W, all compounds 7E+4 3E+5 1E-4 4E-7 1E·3 1E-2
except those given
for Y
Y, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides, and
fluorides

70 Ytterbium-166 W, see IQ£Yb 1E+3 2E+3 8E-7 3E-9 2E·5 2E-4

Y,see Yb 2E+3 8E-7 3E·9

70 Ytterbium-167 W,see Yb 3E+5 8E+5 3E-4 lE-6 4E-3 4E-2

Y, see lO-'::Yb - 7E+5 3E-4 1E-6

70 Ytterbium-169 W, see IQ£Yb 2E+3 8E+2 4E-7 1E·9 2E-5 2E-4

Y, see 7E+2 3E-7 1E·9 -
70 Ytterbium-175 W, see l~Yb 3E+3 4E+3 1E-6 5E-9 -

LLI wall - 4E-5 4E-4
13E+31

Y, see Yb - 3E+3 1E-6 5E-9 - -
70 Ytterbium-177"- W, see l~Yb 2E+4 5E+4 2E-5 7E-8 2E·4 2E-3

Y, see lO"-Yb - 5E+4 2E-5 6E·8 - -
70 Ytterbium-178o<. W, see IQ£Yb 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

Y, see 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
for Y
Y, oxides, 4E+3 2E-6 6E-9
hydroxides, and
fluorides
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Table I 'Table II Table III

O(:(;upational Vatues Effluent Concentrations Releases to
Sewers

Co/.J Col. 21 ••• Col. 3 Col.! Col. 2 Monthly

Oral InhalaUon AII~ra.9~

Ingestion DAC Wat~r epnc8(J-

Ali (~Ci) (~()Vl)ll) rtr,iO'!/JCVml
71 Lutetium-170 W, see IO"'Lu 1E+3 2E+3 9E-7 3E-9 2E-S 2E-4

Y, see ,u"'Lu - 2E+3 8E-7 3E-9 -
71 Lutetium~ 171 W,see Lu 2E+3 2E+3 BE-7 3E-9 3E-S 3E-4

Y, see IO"'Lu - 2E+3 BE-7 3E-9 -
71 Lutetium-172 W, see 'P:lLu 1E+3 1E+3 SE-7 2E-9 1E-S 1E-4

Y, see IV' Lu - 1E+3 SE-7 2E-9 -
71 Lutetium-173 W,see Lu SE+3 3E+2 1E-7 7E-S 7E-4

- Bone surf 6E-10 -
(SE+2)

Y, see ,u"'Lu - 3E+2 1E-7 4E-10 -
71 Lutetium-174m W,see Lu 2E+3 2E+2 1E-7

LLI wall Bone surf SE-lO 4E-S 4E-4
(3E+3\ (3E+2)

Y, see IO"Lu - 2E+2 9E-B 3E-10

71 Lutetium-174 W,see Lu SE+3 1E+2 SE-B 7E-S 7E-4
- Bone surf 3E-10

(2E+2)
Y, see IO"'Lu - 2E+2 6E-8 2E-10

71 Lutetium-176m W,see "'Lu BE+3 3E+4 1E-S 3E-8 1E-4 1E-3

Y, see Lu - 2E+4 9E-6 3E-8

71 Lutetium-176 W, see 1l:>"'Lu 7E+2 SE+O 2E-9 1E-S 1E-4
- Bone surf 2E-11 -

(1 E+1\
V, see Lu - BE+O 3E-9 1E-11

71 Lutetium-177m W, see lWLu 7E+2 1E+2 SE-B - 1E-S 1E-4
- Bone surf - 2E-10

(1E+2)
Y, see ,u"Lv BE+1 3E-8 1E-1O

71 Lutetium-ill W,see Lu 2E+3 2E+3 9E-7 3E-9 -
LLI wall 4E-S 4E-4
13E+3\

Y, see '''''Lv - 2E+3 9E-7 3E-9

71 Lutetium-178m W,see Lu SE+4 2E+S BE-S 3E-7
St wall BE-4 BE-3
16E+4\

Y, see ,u"Lu - 2E+S 7E-S 2E-7

71 Lutetium-178 W,see Lu 4E+4 1E+S SE-S 2E-7
Stwall 6E-4 6E-3
14E+4\

Y, see ''-'''Lv - 1E+S SE-S 2E-7

71 Lutetium-179 W,see Lu 6E+3 2E+4 BE-6 3E-8 9E-S 9E-4

Y, see IO"'Lu - 2E+4 6E-6 3E-B

72 Hafnium-170 0, all compounds 3E+3 6E+3 2E-6 BE-9 4E-S 4E-4
except those given
forW
W, oxides, SE+3 2E-6 6E-9
hydroxides,
carbides, and
nitrates

72 Hafnium*172 0, see IfuHf 1E+3 9E+O 4E-9 2E-5 2E-4
Bone surl 3E-11

(2E+1)

W, see l/UHf 4E+1 2E-8
- Bone surl BE-11 -

(6E+1)

72 Hafnium-173 0, see lfUHf SE+3 1E+4 SE-6 2E-8 7E-S 7E-4

W, see HUHf - 1E+4 SE-6 2E-B

72 Hafnium-175 D, see ""Hf 3E+3 9E+2 4E-7 4E-S 4E-4
-

Br1ne ~~rt 1E-9
1E+3
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Table I Table II Table III

Effluent Concentrations Releas,e;s to
Sewers

Col. 1 Co/.2 ICql.$ Cql.l Cql.2 Mqnlhly

Oral Inhalation l<~e(a!Je

Inges\lqn PAC
Concen-

tration
ALI(~Ci) (~CVml) luCVnl/l

W,see '"HI lE+3 SE·7 2E·9 - -
72 Hafnium-177m D,see HI 2E+4 6E+4 2E-S BE-B 3E-4 3E-3

W. see 17uHf - 9E+4 4E-S 1E-7 -
72 Hafnium-178m D,see '"Hf 3E+2 lE+O SE-lO - 3E-6 3E-S

- B~ne surt - 3E-12 -
2E+O\

W,see Hf - SE+O 2E-9 - -
- B~ne ~~rt - lE-11 -

9E+O
72 Hafnium-179m D,see ,uHf lE+3 3E+2 lE-7 - 1E-S 1E-4

- B~ne s2~rt - BE-lO -
6E+2

W,see '"Hf - 6E+2 3E-7 BE-lO -
72 Hafnium-180m 0, see ,uHf 7E+3 2E+4 9E-6 3E-B lE-4 1E-3

W,see Hf - 3E+4 lE-S 4E-B -
72 Hafnium-18i 0, see 7uHf 1E+3 2E+2 7E-B - 2E-S 2E-4

- B~.ne ~~rt - 6E-l0 - -
4E+2

W,see ,uHf - 4E+2 2E-7 6E-l0 - -
72 Hafnium-182m D, see Hf 4E+4 9E+4 4E-S lE-7 SE-4 SE-3

W,see (UHf - lE+S 6E-S 2E-7 - -
72 Hafnium-182 0, see ,uHf 2E+2 BE-l 3E-l0 - - -

B~ne s2~rt B~ne s)~rf - 2E-12 SE-6 SE-S
4E+2 2E+O

W,see
7uHf - 3E+O 1E-9 - - -

- B~ne ~~rt - 1E-ll -
7E+O

72 Hafnium-183<: 0, see ,uHf 2E+4 SE+4 2E-S 6E-B 3E-4 3E-3

W,see Hf - 6E+4 2E-S BE-B - -
72 Hafnium-184 0, see (UHf 2E+3 BE+3 3E-6 lE-B 3E-S 3E-4

W,see ,uHf - 6E+3 3E-6 9E-9 -
73 Tantalum-172 W, all compounds 4E+4 lE+5 SE-S 2E-7 SE-4 SE-3

except those given
for Y
Y, elemental Ta, 1E+S 4E-S lE-7 - -
oxides, hydroxides,
halides, carbides,
nitrates, and
nitrides

73 Tantalum-173 W,see "Ta 7E+3 2E+4 BE-6 3E-B 9E-S 9E-4

V,see Ta 2E+4 7E-6 2E-B - -
73 Tantalum-174 W,see Ta 3E+4 lE+S 4E-S lE-7 4E-4 4E-3

V, see lI"'Ta 9E+4 4E-S lE-7 -
73 Tantalum-175 W,see "Ta 6E+3 2E+4 7E-6 2E-B BE-S BE-4

V, see Ta lE+4 6E-6 2E-B -
73 Tantalum-176 W,see

n
Ta 4E+3 lE+4 SE-6 2E-B SE-S SE-4

V, see lI"'Ta lE+4 SE-6 2E-B - -
73 Tantalum-1?? W,see "Ta lE+4 2E+4 BE-6 3E-B 2E-4 2E-3

Y, see Ta 2E+4 7E-6 2E-B - -
73 Tantalum-178 W,see

n
Ta 2E+4 9E+4 4E-S lE-7 2E-4 2E-3

Y, see lI£Ta 7E+4 3E-S lE-7 - -
73 Tantalum·179 W,see "Ta 2E+4 5E+3 2E-6 BE-9 3E-4 3E-3

Y, see Ta 9E+2 4E-7 1E-9 - -
73 Tantalum·180m W,see ('Ta 2E+4 7E+4 3E-S 9E-B 3E-4 3E-3

Y, see lI£Ta 6E+4 2E-S BE-B -
73 Tantalum·180 W,see "Ta lE+3 4E+2 2E-7 6E-l0 2E-S 2E-4

Y,see Ta 2E+1 lE-B 3E-ll -
73 Tantalum· W see ('Ta 2E+S SE+S 2E-4 BE-7 -
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Table I Table II
Table III

Oc:<:uPatluoal Values Effluent Concentrations Releasesta
Sewers

Col. 1 Col. 2 1 Col. 3 Col. 1 Col. 2 Monthly

Oral Inhalation Average

Ingestion DAC Con~en-

ALI (~Ci) (~CV01I) ·.(~ition
CVmlJ

182m2 Stwall 3E-3 3E-2
i2E+51

Y,see Ta 4E+5 2E-4 6E-7 - -
73 Tantalum-182 W, see ''''Ta 8E+2 3E+2 lE-7 5E-l0 lE-5 lE-4

Y, see If"'Ta lE+2 6E-8 2E-1O - -
73 Tantalum-183 W, see '''Ta 9E+2 lE+3 5E-7 2E-9 - -

LLI wall - 2E-5 2E-4
(lE+3)

Y, see 1("'Ta lE+3 4E-7 lE-9 - -
73 Tantalum-184 W, see '''Ta 2E+3 5E+3 2E-6 8E-9 3E-5 3E-4

Y, see" Ta - 5E+3 2E-6 7E-9 - -
73 Tantalum-i8S'" W, see Ta 3E+4 7E+4 3E-5 lE-7 4E-4 4E-3

Y, see 1("'Ta - 6E+4 3E-5 9E-8 -
73 Tantalum-186'" W, see '''Ta 5E+4 2E+5 lE-4 3E-7

Stwall - - lE-3 lE-2
(7E+4)

Y, see 1''''Ta - 2E+5 9E-5 3E-7

74 Tunqsten-176 Dj all compounds lE+4 5E+4 2E-5 7E-8 lE-4 lE-3
74 TunQsten-177 D, all compOunds 2E+4 9E+4 4E-5 lE-7 3E-4 3E-3
74 TUnQ5ten-178 D, all compOunds 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
74 Tungsten-17g' D, all compounds 5E+5 2E+6 7E-4 2E-6 7E-3 7E-2

74 Tun05ten-181 0, all comoounds 2E+4 3E+4 lE-5 5E-8 2E-4 2E-3
74 Tungsten-185 0, all compounds 2E+3 7E+3 3E-6 9E-9 -

LLI wall - - 4E-5 4E-4
(3E+3)

74 Tunqsten-187 D, all compounds 2E+3 9E+3 4E-6 lE-8 3E-5 3E-4
74 Tungsten-188 D, all compounds 4E+2 lE+3 5E-7 2E-9 - -

LLI wall - 7E-6 7E-5
(5E+2)

75 Rhenium-17it. D, all compounds 9E+4 3E+5 lE-4 4E-7 - -
except those given Stwall - - 2E-3 2E-2
forW (lE+5)
W, oxides, 4E+5 lE-4 5E-7 - -
hydroxides, and
nitrates

75 Rheniurn-178'" D, see Re 7E+4 3E+5 lE-4 4E-7 - -
Stwall - lE-3 lE-2
(lE+5)

W,see Re - 3E+5 lE-4 4E-7 -
75 Rhenium-181 D,see If'Re 5E+3 9E+3 4E-6 lE-8 7E-5 7E-4

W,see Re - 9E+3 4E-6 lE-8

75 Rhenium-182 D,see "'Re 7E+3 lE+4 5E-6 2E-8 9E-5 9E-4
(12.7 h) W,see Re - 2E+4 6E-6 2E-8 -

75 Rhenium·182 O,see ,r'Re lE+3 2E+3 lE-6 3E-9 2E-5 2E-4
(64.0 h) W,see Re 2E+3 9E-7 3E-9 -

75 Rhenium-184m D, see Re 2E+3 3E+3 lE-6 4E-9 3E-5 3E-4

W,see Re 4E+2 2E-7 6E-1O -
75 Rhenium-184 D,see ,r'Re 2E+3 4E+3 lE-6 5E-9 3E-5 3E-4

W,see Re - lE+3 6E-7 2E-9 -
75 Rhenium-186m 0, see " Re lE+3 2E+3 7E-7 - -

Stwall Stwall 3E-9 2E-5 2E-4
(2E+3) 12E+3)

W,see Re 2E+2 6E-8 2E-l0 - -
75 Rhenium-186 D,see "'Re 2E+3 3E+3 lE-6 4E-9 3E-5 3E-4

W,see Re 2E+3 lE-7 2E-9 - -
75 Rhenium·187 D,see ,r'Re 6E+5 8E+5 4E-4 8E-3 8E-2

Stwall lE-6 - -
(9E+51

W,see Re lE+5 4E-5 1E-7 - -
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Table,values.
Table II Ta~le III

Effluent Concentrations
Rel(!ase;s. to

Sewers
Do";nn"oli"o Col. 1 Col. 2 ICol.3 Col. 1 Col. 2 Monthly

Oral Inhalalion Ayerage
IngesliOn DAG

9<Jncen-
tratlon

ALI luGi) (uGVIl1I) (uGVml)
75 Rhenium- D,see Re 8E+4 lE+5 6E-5 2E-7 lE-3 lE-2

188m
2

W, see lf/Re - lE+5 6E-5 2E-7 -
75 Rhenium-i88 OJ see "Re 2E+3 3E+3 lE-6 4E-9 2E-5 2E-4

W, see 'fIRe 3E+3 lE-6 4E-9

75 Rhenium-i89 OJ see Re 3E+3 5E+3 2E-6 7E-9 4E-5 4E-4
W, see lfl Re - 4E+3 2E-6 6E-9 - -

76 Osmium- i80e:: 0, all compounds lE+5 4E+5 2E-4 5E-7 lE-3 lE-2
except those given
forWand Y
W, halides and - 5E+5 2E-4 7E-7 -
nitrates
V, oxides and - 5E+5 2E-4 6E-7
hydroxides

76 Osmium-i81 0, see '°'08 lE+4 4E+4 2E-5 6E-8 2E-4 2E-3

W,see OS 5E+4 2E-5 6E-8

Y, see ItfUOS 4E+4 2E-5 6E-8 - -
76 Osmium-182 0, see IOVOS 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4

W, see 10\.05 - 4E+3 2E-6 6E-9 - -

Y, see Os - 4E+3 2E-6 6E-9 - -
76 Osmium-i85 0, see IOUOS 2E+3 5E+2 2E-7 7E-1O 3E-5 3E-4

W, see IOVOS - 8E+2 3E-7 lE-9 - -

Y, see oVOs - 8E+2 3E-7 lE-9 -
76 Osmium-189m 0, see Os 8E+4 2E+5 lE-4 3E-7 lE-3 lE-2

W, see ,twOs 2E+5 9E-5 3E-7 -
V, see IOvOS 2E+5 7E-5 2E-7 -

76 Osmium-191m D,see oVOs lE+4 3E+4 lE-5 4E-8 2E·4 2E-3

W,see Os 2E+4 8E-6 3E-8 -
Y, see ItwOs - 2E+4 7E-6 2E-8 - -

76 Osmium-i91 0, see IOVOS 2E+3 2E+3 9E-7 3E-9 - -
LLI wall - - 3E-5 3E-4
(3E+3l

W, see IOVOS - 2E+3 7E-7 2E-9 -
Y, see /CUOs - lE+3 6E-7 2E-9 -

76 Osmium-193 0, see ~Os 2E+3 5E+3 2E-6 6E-9
LLI wall - 2E-5 2E-4
(2E+3)

W, see IOVOS 3E+3 lE-6 4E-9 -
Y, see ,o'Os 3E+3 lE-6 4E-9 - -

76 Osmium-194 D,see Os 4E+2 4E+l 2E-8 6E-ll - -
LLI wall - 8E-6 8E-5
(6E+2)

W, see '<>VOs - 6E+l 2E-8 8E-ll - -

Y, see Os - 8E+O 3E-9 1E-ll - -
77 Iridium-182<'.: 0, aU compounds 4E+4 lE+5 6E-5 2E-7 - -

except those given Stwall - - 6E-4 6E-3
forWand Y (4E+4)
W, halides, 2E+5 6E-5 2E-7
nitrates, and
metallic iridium
YI 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 lE-3
W, see HfL"lr - 3E+4 lE-5 5E-8 - -
Y, see ItI~lr - 3E+4 lE-5 4E-8 - -

77 Iridium-185 D, see ,o"lr 5E+3 lE+4 5E·6 2E-8 7E-5 7E-4

W,see Ir - lE+4 5E-6 2E-8 - -
V, see ltlZlr lE+4 4E-6 lE-8

77 Iridium-18B D, see Il:I~lr 2E+3 8E+3 3E-6 lE-8 3E-5 3E-4
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T"bl\V"IU~S Tabl~1I
Table III

EtnueJ)[ Concentrations Rele~$~s to
Sewers

CoD Col. 2 >1 Col. 3 Col.! Col. 2 Monthly

O'al
Inhalation Average

Ingestion DAC .;... Cpnc(JfI-

ALI (~Ci) (~cVml) (~at!on
Cilm/J

W,see I, - 6E+3 3E-6 9E-9 -
y, see HI~lr - 6E+3 2E-6 8E-9 -

77 Iridium-i8? D, see Itl<'lr 1E+4 3E+4 1E·5 5E·8 1E-4 lE·3

W, see Itl'lf - 3E+4 lE-5 4E-8 - -

Y,see If - 3E+4 lE-5 4E-8 - -
77 Iridium-i8S D, see lU~lr 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4

W, see H:f
c

1r - 4E+3 1E-6 5E-9 - -

V,see If 3E+3 1E-6 5E-9 - -
77 Iridium-i89 D,see I, 5E+3 5E+3 2E-6 7E-9 - -

~~I W;~I - - - 7E-S 7E-4
5E+3

W, see 1t)'<:lr 4E+3 2E-6 5E-9 - -

Y,see If 4E+3 lE-6 5E-9 - -
77 Iridium-190m'" D, see 182fr 2E+S 2E+5 8E-S 3E-7 2E-3 2E-2

W, see llfclr 2E+S 9E-S 3E-7 - -
Y, see Hf<'lr 2E+5 8E-S 3E-7 - -

77 Iridium-190 D, see If lE+3 9E+2 4E-7 lE-9 lE-S lE-4
W, see Hri 1r 1E+3 4E-7 1E-9 - -
Y, see HI"'lr 9E+2 4E-7 1E-9 -

77 Iridium-192m D, see ltl"'lr 3E+3 9E+l 4E-8 1E-1O 4E-5 4E-4

W,see If 2E+2 9E-8 3E-l0 -
V, see 1821r 2E+1 6E-9 2E-l1 -

77 Iridium-192 D, see ltl:l]r 9E+2 3E+2 lE-7 4E-1O lE-S 1E-4

W, see 11:f"'lr 4E+2 2E-7 6E-1O

V, see If 2E+2 9E-8 3E-1O

77 Iridium-194m D, see If 6E+2 9E+l 4E-8 lE-lO 9E-6 9E-5

W, see ll:f"'lr - 2E+2 7E-8 2E-l0 -
Y, see ltl"'lr - 1E+2 4E-8 lE-lO -

77 Iridium-194 D, see 10, If 1E+3 3E+3 lE-6 4E-9 1E-S lE-4

W,see If - 2E+3 9E-7 3E-9 -
Y, see 11:l"'lr - 2E+3 8E-7 3E-9 -

77 Iridium-195m D, see HI-clf 8E+3 2E+4 lE-S 3E-8 1E-4 lE-3

W,see If - 3E+4 lE-S 4E-8 - -
Y, see H!'21r - 2E+4 9E-6 3E-8 -

77 Iridium-i95 D, see HI"'lr lE+4 4E+4 2E-S 6E-8 2E-4 2E-3

W, see 'tlclr - SE+4 2E-S 7E-8 - -

Y, see If - 4E+4 2E-S 6E-8 - -
78 Platinum-186 0, all comoounds lE+4 4E+4 2E-S 5E-8 2E-4 2E-3
78 Platinum-188 D, all comoounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Platinum-189 D, all comoounds lE+4 3E+4 1E-S 4E-8 lE-4 1E-3
78 Platinum-191 D, all comoounds 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 - -

~ilwall - - - 4E-S 4E-4
3E+4\

78 Platinum-193 D, all compounds 4E+4 2E+4 lE-S 3E-8 - -

~~I W~~I - - 6E-4 6E-3
5E+4

78 Platinum-195m D, all compounds 2E+3 4E+3 2E-6 6E-9 - -

~;-I w~~1 - 3E-5 3E-4
2E+3

78 Platinum- D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
197m

2

78 Platinum-197 D, all comoounds 3E+3 lE+4 4E-6 lE-8 4E-5 4E-4
78 Platinum-199'" D, all compounds SE+4 lE+S 6E-5 2E-7 7E-4 7E-3

78 Platinum-200 D, all comnnunds 1E+3 3E+3 lE-6 5E-9 2E-5 2E-4
79 Gold-193 D, all compounds 9E+3 3E+4 lE-5 4E-8 lE-4 lE-3

except those given
forW and Y
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Tabla Tabla II
Tabla III

Effluent.Concentrations Ralaasas to
Sewers

0 ..,,"", ""Ao Col. 1 Col. 2 I Col. 3 Col.! Col. 2 Mont,,1y

Oral Inhalation AYerage

Ingastion DAC (;(}['lcen:

ALI (~Ci) (~c:;Vml)
Irallon

(uCilm/)
W, halides and 2E+4 9E-6 3E-8 - -
nitrates
Y, oxides and 2E+4 8E-6 3E-8 -
hydroxides

79 Gold-194 OJ see i93Au 3E+3 8E+3 3E·6 lE·8 4E-S 4E·4
W, see HMAu SE+3 2E-6 8E-9 - -
Y, see H!JAu SE+3 2E·6 7E·9 . .

79 Gold-19S 0, see Au SE+3 lE+4 5E-6 2E-8 7E-S 7E-4
W, see lWAu lE+3 6E-7 2E-9 -
Y, see HfJAu 4E+2 2E-7 6E-1O - -

79 Gold-198m OJ see l\of"Au lE+3 3E+3 lE-6 4E-9 lE-5 lE-4

W,see Au - lE+3 SE-7 2E-9 - -
Y, see 193Au - lE+3 SE-7 2E-9 - -

79 Gold-198 OJ see l!ol3Au lE+3 4E+3 2E-6 SE-9 2E-S 2E-4
W, see lWAu - 2E+3 8E-7 3E-9 - -

V, see Au - 2E+3 7E-7 2E-9 - -
79 Gold-199 D, see Au 3E+3 9E+3 4E-6 lE-8 - -

~~I W~~I - 4E-S 4E-4
3E+3

W, see IWAu - 4E+3 2E-6 6E-9 - -
Y,see Au - 4E+3 2E-6 SE-9 - -

79 Gold-200m OJ see HBAu lE+3 4E+3 lE-6 SE-9 2E-S 2E-4

W, see Hf"Au - 3E+3 lE-6 4E-9 - -
Y, see l~JAu 2E+4 lE-6 3E-9 - -

79 Gold-200 OJ see Au 3E+4 6E+4 3E-S 9E-8 4E-4 4E-3
W, see 19JAu - 8E+4 3E-S lE-7 - -
Y, see l!MAu - 7E+4 3E-S 1E-7 - -

79 Gold-201' OJ see J~JAu 7E+4 2E+S 9E-S 3E-7 - -
~tw~~ - - lE-3 1E-2
9E+4

W, see lWAu - 2E+S lE-4 3E-7 - -
V, see ]!;f"Au - 2E+S 9E-5 3E-7 - -

80 Mercury~193m Vaoor - 8E+3 4E-6 lE-8 - -
Or anic 0 4E+3 lE+4 SE-6 2E-8 6E-S 6E-4
OJ sulfates 3E+3 9E+3 4E-6 lE-8 4E-S 4E-4
W, oxides, - 8E+3 3E-6 lE-8 - -
hydroXides,
halides, nitrates,
and sulfides

80 Mercury-193 Vanor - 3E+4 lE-S 4E-8 -
Or anic 0 2E+4 6E+4 3E-S 9E-8 3E-4 3E-3
OJ see nrJffiHa 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, Saa "mHo - 4E+4 2E-S 6E-8 -
80 Mercury-194 VaDor - 3E+l lE-8 4E-ll - -

OrQanic 0 2E+l 3E+l lE-8 4E-ll 2E-7 2E-6
OJ see 1!;f,jffiHn 8E+2 4E+l 2E-8 6E-11 lE-S lE-4

W, see mHo - lE+2 SE-8 2E-l0 -
80 Mercury-195m Vaoar - 4E+3 2E-6 6E-9 -

Oraanic 0 3E+3 6E+3 3E-6 8E-9 4E-S 4E-4
0, see lwmHn 2E+3 SE+3 2E-6 7E-9 3E-S 3E-4
W, see HlSffiHo - 4E+3 2E-6 SE-9 -

80 Mercury-195 Vanor - 3E+4 lE-S 4E-8 -
Or anic 0 2E+4 SE+4 2E-S 6E-8 2E-4 2E-3
D,see mHo lE+4 4E+4 lE-S SE-8 2E-4 2E-3
W, see ll;rJmHa - 3E+4 lE-S 5E-8 -

80 Mercury-197m Vaoar - SE+3 2E-6 7E-9 -
Oraanic 0 4E+3 9E+3 4E-6 lE-8 SE-S SE-4
Osee l::JsmHn 3E+3 7E+3 3E-6 lE-8 4E-S 4E-4
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Table I Table II Table III

O""upallon~1 Values Effluent Concentrations R~le(lses to
Sewers

Col. 1 Col. 2 •• ·.1 Co/. 3 Col. 1 Co/.2 M()~thly

Oral Inhalation Av~rage

Ingestion DAC
Cqncen-

ALI (~Ci) (~CVIT1I) Itcati()~l
CVIT1I

W, see lwmHq - 5E+3 2E-6 7E-9 - -
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 -

OrQanic 0 7E+3 1E+4 6E-6 2E-8 9E-5 9E-4
0, see I:1JmHo 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4

W,see mHo 9E+3 4E-6 1E-8 -
80 Mercury-199m

Z Vapor 8E+4 3E-5 1E-7 - -
Organic 0 6E+4 2E+5 7E-5 2E-7 -

Siwall - - - 1E-3 1E-2
I1E+5\

D, see mHo 6E+4 lE+5 6E-5 2E-7 8E-4 8E-3
W, see lwmHg 2E+5 7E-5 2E-7 -

80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 -
Oraanic 0 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
D, see ,,,mHQ 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
W, see n:,JmHa lE+3 5E-7 2E-9

81 Thallium-194m D, all compounds 5E+4 2E+5 6E-5 2E-7 -
Stwall - - - 1E-3 1E-2
(7E+4)

81 Thallium-194'" Dj all compounds 3E+5 6E+5 2E-4 8E-7 -

~tw~~
- - - 4E-3 4E-2

3E+5
81 Thalliurn-19Sz 0, all compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9E-3

81 Thallium-197 0, all compounds 7E+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium-198m' 0, all compounds 3E+4 5E+4 2E-5 8E-8 4E-4 4E-3

81 Thallium-198 0, all comnounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
81 Thallium-199 D, all cornoounds 6E+4 8E+4 4E-5 lE-7 9E-4 9E-3
81 Thallium-200 D, all comoQunds 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
81 Thallium-201 D, all comoQunds 2E+4 2E+4 9E-6 3E-8 2E·4 2E-3
81 Thallium-202 0, all comoounds 4E+3 5E+3 2E·6 7E-9 5E-5 5E-4
81 Thallium-204 D, all comoounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead-195m 0, all compounds 6E+4 2E+5 8E-5 3E-7 8E·4 8E-3

82 Lead-198 0, all compounds 3E+4 6E+4 3E·5 9E-8 4E-4 4E-3
82 Lead·199' 0, all compounds 2E+4 7E+4 3E·5 1E-7 3E·4 3E-3

82 Lead-20D 0, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
82 Lead-201 0, all comoounds 7E+3 2E+4 8E-6 3E-8 1E-4 1E-3
82 Lead-202m 0, all comnounds 9E+3 3E+4 1E-5 4E-8 1E-4 lE-3
82 Lead-202 0, all cornoounds 1E+2 5E+1 2E-8 7E-1l 2E·6 2E-5
82 Lead-203 0, all comoounds 5E+3 9E+3 4E-6 lE-8 7E-5 7E-4
82 Lead-205 0, all comoounds 4E+3 lE+3 6E-7 2E-9 5E-5 5E-4
82 Lead-209 0, all comoounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
82 Lead-21O 0, all compounds 6E-l 2E-1 1E-1O - - -

Bone surf Bone surf - 6E-13 1E-8 lE-7
I1E+0l (4E-11

82 Lead·211 0, all compounds 1E+4 6E+2 3E-7 9E-10 2E·4 2E-3

82 Lead-2l2 0, all compounds 8E+1 3E+1 1E-8 5E-11 - -
Bone surf - - - 2E-6 2E-5

11 E+21
82 Lead-2l4' 0, all compounds 9E+3 8E+2 3E-7 lE-9 1E·4 lE-3

83 Bismuth·20o'" 0, nitrates 3E+4 8E+4 4E-5 1E-7 4E·4 4E-3

W. all other lE+5 4E-5 lE-7 - -
comoounds

83 Bismuth-201 0, see ",wBi 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3

W, see ",wBi 4E+4 2E-5 5E-8 - -
83 Bismuth-202<: 0, see £INBi 1E+4 4E+4 2E-5 6E-8 2E·4 2E-3

W,see
'N

Bi 8E+4 3E-5 1E-7 - -
83 Bismuth-203 0, see ",wBi 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4

W, see £wBi 6E+3 3E-6 9E-9 - -
83 Bismuth-205 0, see LINBi 1E+3 3E+3 lE-6 3E-9 2E-5 2E-4

W see ....vBi lE+3 5E-7 2E-9 - -
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Table I Table II
Table III

Q<:<;uPalipnal Valu~ Effluent Concentrations Rel8'lls8's to
Sewers

Col. 1 Col. 21 Cpl. 3 Col. 1 Co/.2 Mgntllly

Oral Inhalation
Water

Avera!!e

Ingestion DAC
i:;(JnCen-

ALlWCi) (pCVml) l~fttlPCICilml
83 Bismuth·206 D, see zuuSi 6E+2 lE+3 6E-7 2E-9 9E·6 9E·5

W, see <!wSi 9E+2 4E-7 lE-9 - -
83 Bismuth-207 0, see Bi 1E+3 2E+3 7E-7 2E-9 lE-5 lE-4

W, see ~ooBi 4E+2 lE-7 5E-1O -
83 Bismuth-210m 0, see :,:uuSi 4E+1 5E+0 2E-9 - -

~:dnei~ ~:dne6~ - 9E-12 8E-7 8E-6
6E+l 6E+0

W, see 200
Si - 7E-l 3E-l0 9E-13 -

83 Bismuth-210 OJ see ;:uuSi 8E+2 2E+2 lE-7 - lE-5 lE-4
- ~:dneys - 5E-1O -

4E+21
W, see 200Si - 3E+l 1E-8 4E-l1 - -

83 Bismuth-212<:: D, see ""uuSi 5E+3 2E+2 lE·7 3E-l0 7E-5 7E-4

W, see zWSi - 3E+2 lE-7 4E-l0 - -
83 Bismuth-213<: 0, see Bi 7E+3 3E+2 lE-7 4E-l0 lE-4 lE-3

W,see Bi - 4E+2 lE-7 5E-1O - -
83 Bismuth-214" D, see ",wSi 2E+4 8E+2 3E-7 1E-9 -

Stwall - - 3E-4 3E-3
12E+4\

W,see Bi - 9E-2 4E-7 1E-9 -
84 Polonium-203 OJ 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-20S'" D, seezwpo 2E+4 4E+4 2E-5 5E-8 3E-4 3E-3

W, seezwpo 7E+4 3E-5 lE-7 -
84 Polonium-207 D, see Po 8E+3 3E+4 1E-5 3E-8 lE-4 lE-3

W, see <!wpo 3E+4 1E-5 4E-8 - -
84 Polonlum-210 D, see L'U;.lPo 3E+0 6E-l 3E-10 9E-13 4E-8 4E-7

W,see w po - 6E-l 3E-10 9E-13 - -
85 Astatine-207 OJ halides 6E+3 3E+3 lE-6 4E-9 8E-5 8E-4

W - 2E+3 9E-7 3E-9
85 Astatine-211 0, halides 1E+2 8E+l 3E-8 1E-1O 2E-6 2E-5

W - 5E+l 2E-8 8E-11 -
86 Radon-220 With daughters - 2E+4 7E-6 2E-8 -

removed
With daughters - 2E+l 9E-9 3E-ll -
present (or 12 (or 1.0

working working
level

months\ level)

86 Radon-222 With daughters - lE+4 4E-6 lE-8 - -
removed
With daughters - 1E+2 3E-8 1E-l0 - -
present (or4 (or 0.33

working working
level

months'
level)

87 Francium-222<: 0, all compounds 2E+3 5E+2 2E-7 6E-1O 3E-5 3E-4

87 Francium-2232 0, all compounds 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5

88 Radium-223 W, all compounds 5E+0 7E-l 3E-l0 9E-13 - -
Bone surf - lE-7 lE-6

19E+Ol
88 Radium-224 W, all compounds 8E+0 2E+0 7E-1O 2E-12 - -

B~ne ~~rt - - 2E-7 2E-6
2E+l

88 Radium-225 W, all compounds 8E+0 7E-l 3E-l0 9E-13 - -
B~ne ~~rt - - 2E-7 2E-6

2E+l
88 Radium-226 W, all comoounds 2E+0 6E-l 3E-1O 9E-13 - -
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Table I Table II Table III

Oc<;upallonal Values Effluent Concentralions Releases to
Sewers

Col.! Col. 2 I Col.3 Col. 1 Col. 2 1;10nthly

Oral Inhalation A,,~r(lge

Inges~on DAC (;()f1Ci3i1.-

ALI (~Ci) (~CUml) (trliO~)CVml
Bone ~~rt - 6E-8 6E-?

(5E+0
88 Radium-227'L. W, all compounds 2E+4 lE+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 lE+O 5E-l0 2E-12
Bone surl - 6E-8 6E-?

(4E+0)
89 Actinium~224 DJ all compounds 2E+3 3E+l lE-8 - -

except those given LLI wall B~ne ~~rt - 5E-ll 3E-5 3E-4
forWandY (2E+3) 4E+l
W, halides and - 5E+l 2E-8 ?E-11 - -
nitrates
Y, oxides and - 5E+l 2E-8 6E-ll -
hydroxides

89 Actinium-225 0, seeu'jAc 5E+l 3E-l lE-lO - - -
LLI wall Bone surf - ?E-13 ?E-? ?E-6
(5E+11 (5E-1\

W, see a~Ac - 6E-1 3E-10 9E-13 -
V, see '::':'+Ac - 6E-1 3E-l0 9E-13 - -

89 Actinium-226 D, see £i:."Ac lE+2 3E+0 1E-9 - -
LLI wall Br:e s}~rt - 5E-12 2E-6 2E-5
(1 E+2) 4E+0

W, see UGAc 5E+0 2E-9 ?E-12 - -
Y, seeu'tAc - 5E+0 2E-9 6E-12 - -

89 Actinium-227 0, see Ac 2E-1 4E-4 2E-13 - - -
80ne surf Bone surf - 1E-15 5E-9 5E-8

(4E-1) (8E-4)
W, see "''-''''Ac - 2E-3 ?E-13 - -

- Bone surl - 4E-15 - -
(3E-3\

Y, see U4Ac - 4E-3 2E-12 6E-15 - -
89 Actinium·228 OJ seeU'lAc 2E+3 9E+0 4E-9 3E-5 3E-4

- Bone surf - 2E-l1 - -
(2E+11

W, seeUGAc - 4E+l 2E-8 - -
- Bone surf - 8E-11 - -

(6E+l)

Y, see Ac 4E+l 2E-8 6E-l1 - -
90 Thorium-226 W, all compounds 5E+3 2E+2 6E-8 2E-l0 - -

except those given St wall - - ?E-5 ?E-4
torY (5E+3\
Y, oxides and 1E+2 6E-8 2E-1O - -
hydroxides

90 Thorium-227 W, see ""Th 1E+2 3E-l 1E-1O 5E-13 2E-6 2E-5

Y,see 'Th 3E-l 1E-1O 5E-13 -
90 Thorium·228 W, see ""Th 6E+0 1E-2 4E-12 -

Bone surf Bone surf - 3E-14 2E-? 2E-6
(1 E+ll (2E-21

Y, see ""Th 2E-2 ?E-12 2E-14

90 Thorium-229 W, see ""Th 6E-l 9E-4 4E-13 -
Bone surf Bone surf 3E-15 2E-8 2E-?

(1 E+Ol (2E-31

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 surf 2E-14 lE-? 1E-6
(9E+0\ (2E-2\

Y, see ""Th 2E-2 6E-12 - -
Bone surf 3E-14

(2E-2\
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Tabl~1 "alUell
Table II Table III

Eflluent Concentralions
Releases to

Sewers
D,;"_ -""- Col. 1 Co/,2t ••• Col. 3 Col.I Co/,2 Monthly

Oral Inhalation itrerli98

Ingestion DAC ,,,~, C"
qqfJCEH]~

ALI(~Ci) (~c;:Vml)
,r --, (~1tiO!lCVmlJ

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 lE-3 5E-13 - -

80ne surf Bone surf - 4E-15 3E-8 3E-7
(2E+0) (3E-3)

Y, see ""Th - 3E-3 lE-12 - -
- B~,ne ~~rt - 6E-15 - -

4E-3
90 Thorium-234 W,see 'Th 3E+2 2E+2 8E-8 3E-10 -

LLI wall - - 5E-6 5E-5
14E+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

for Y
V, oxides and lE+2 4E'8 lE-1O -
hydroxides

91 Protactinium- W, see """Pa lE+3 lE+l 5E-9 2E-5 2E-4
228 Bone surf - 3E-l1 - -

(2E+1)
Y, see '::'::/ pa - lE+1 5E-9 2E-11 -

91 Protactinium- W, see£«'Pa 6E+2 5E+0 2E-9 7E-12 -
230 Bone surf - - lE-5 1E-4

(9E+2)
Y, see ,::uPa - 4E+0 1E-9 5E-12 -

91 Protactinium- W, see U/pa 2E-l 2E-3 6E-13 - -
231 Bone surf Bone surf - 6E-15 6E-9 6E-8

(5E-1) (4E-3)
Y, see a'Pa 4E-3 2E-12 -

Bone surf - 8E-15 -
16E-3)

91 Protactinium- W,ses Pa lE+3 2E+l 9E-9 2E-5 2E-4
232 - Bone surf - 8E-11 - -

16E+1)
Y, see -",,:I Pa - 6E+1 2E-8 - -

- Bone surf 1E-1O -
(7E+1)

91 Protactinium- W, see <:L1 Pa 1E+3 7E+2 3E-7 1E-9 -
233

~~I W~~I
- - 2E-5 2E-4

2E+3

Y,see Pa 6E+2 2E-7 8E-1O -
91 Protactinium- W, see Zl:l pa 2E+3 8E+3 3E-6 lE-8 3E-5 3E-4

234 Y, see ""'Pa 7E+3 3E-6 9E-9 -
92 Uranium-230 OJ UF6, U02F2, 4E+0 4E-1 2E-10 - - -

UO,(NOJ), Bone surf Bone surf - 8E-13 8E-8 8E-7
16E+Q) 16E-11

W, U03 , UF4 , UCI4 - 4E-1 lE-1O 5E-13 - -
Y, U02, U30a - 3E-l lE-1O 4E-13 - -

92 Uranium-231 0, see ""vu 5E+3 8E+3 3E-6 1E-8 -
LLI wall - - 6E-5 6E-4
(4E+3)

W,see<:»VU - 6E+3 2E-6 8E-9 -
Y, see <ovU 5E+3 2E-6 6E-9 -

92 Uranium-232 D,see U 2E+0 2E-l 9E-l1 - -
Bone surf Bone surf 6E-13 6E-8 6E-7

14E+0l 14E-1l
W,see"'~U 4E-1 2E-10 5E-13 -

Y,see U 8E-3 3E-12 lE-14 -
92 Uranium-233 D, see <:,JuU lE+1 lE+O 5E-1O -

Bone surf Bone surf - 3E-12 3E-7 3E-6
12E+1) 12E+0l
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TablelValues.
Table II Ta~lelll

Effluent Concentrations Relea~es to
Sewers

Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 M9nlhty
I- Oral Inhalation 'Average

Inge~lion PAC .;: C{}lJcefl·
Irati°flALI(~Ci) (~CUml) '" ..,

iuCilml1
W, see ~;roU - 7E-1 3E-10 1E-12 - -
V, see ~;,uU 4E-2 2E-11 5E-14 - -

92 Uranium-234" D, see ""..lUU 1E+1 1E+O 5E-1O - - -
B~ne ~~rt B~ne ~~rt - 3E-12 3E-7 3E-6

2E+1 2E+O
W, see L;WU - 7E-1 3E-10 1E-12 -
Y, see zuuu 4E-2 2E-11 5E-14 -

92 Uranium-235" D,see U 1E+1 1E+O 6E-1O - -

B~ne ~~rt B~ne ~~rt - 3E-12 3E-7 3E-6
2E+1 2E+O

W, seeL,)\JU - 8E-1 3E-10 1E-12 - -
Y, see e::uvU 4E-2 2E-11 6E-14 -

92 Uranium-236 D,see U 1E+1 1E+O 5E-1O - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+1l (2E+O)
W, seeZ,)lJU - 8E-1 3E-10 1E-12 - -
Y,see U - 4E-2 2E-11 6E-14 -

92 Uranium-237 D, see LJUU 2E+3 3E+3 1E-6 4E-9 - -
LUwali - - - 3E-5 3E-4
12E+3\

W,see ~U - 2E+3 7E-7 2E-9 -

Y,see U - 2E+3 6E-7 2E-9 -
92 Uranium-238u D, see ;,'..lUU 1E+1 1E+O 6E-1O - - -

Bone surf Bone surf - 3E-12 3E-7 3E-6
12E+1\ 12E+0l

W,see U - 8E-1 3E-1O 1E-12 -
V, see L;mU - 4E-2 2E-11 6E-14 -

92 Uranium·239
z 0, see L..lUU 7E+4 2E+5 8E-5 3E-7 9E-4 9E-3

W, see '<:,)VU - 2E+5 7E-5 2E-7 -
Y, see U - 2E+5 6E-5 2E-7 -

92 Uranium-240 0, see L;IDU 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4

W, see z,)Vu - 3E+3 1E-6 4E-9 -
Y, see '::.lUU - 2E+3 1E-6 3E-9 -

92 Uranium- D, see U 1E+1 1E+O 5E-1O - -
natural3 Bone surf Bone surf 3E-12 3E-7 3E-6

(2E+1l (2E+Ol
W, see<~U - 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' - Bone surf 6E-9 -

15E+2\
93 Neptunium- W, all compounds 8E+5 3E+6 1E-3 4E-6 1E-2 1E-1

233'
93 Neotunium-234 W, all comnounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptunium-235 W, all comP'!unds 2E+4 8E+2 3E-7 -

LLI wall Bone surf 2E-9 3E-4 3E-3
(2E+41 (1E+31

93 Neptunium-236 W, aU compounds 3E+O 2E-2 9E-12 - - -
(1.15E+S y) B~ne s)~rt B~;e ~~rf 8E-14 9E-8 9E-7

6E+O SE-2
93 Neptunium- W, all compounds 3E+3 3E+1 1E-8 - -

236m (22.5 h) Bone surf Bone surf 1E-1O 5E-5 5E-4
(4E+3\ 17E+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) I1E-2\
93 Neptunium-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-S 2E-4

-
B72ne ~~rt 2E-10 -

2E+2
93 Neotunium·239 W, all compounds 2E+3 2E+3 9E-7 3E-9 -
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<Ta~le I Table II ra~lel"

Effluent Concentrations Rel~s~sto
Sewers

Co/. 1 Co/.2 ICo/.S CO/.1 CO/.2 Montl1/Y

Qral Inhalallon AVEJrage

Ingestion DAC 9?nct1{J~

ALlWCi) (~CV",I)
IrM/on

IJCVm/l

~~I W~~I
- - 2E-S 2E-4

2E+3
93 Neptunium- W, all compounds 2E+4 BE+4 3E-S 1E-7 3E-4 3E-3

240'
94 Plutonium-234 W, all compounds BE+3 2E+2 9E-B 3E-10 1E-4 1E-3

exceot PU02
Y, PU02 2E+2 BE-B 3E-10 -

94 Plutonium-235 W,see Pu 9E+S 3E+6 lE-3 4E-6 1E-2 1E-1

Y, seet::;j'lpu - 3E+6 lE-3 3E-6 - -
94 Plutonium-236 W, see i;';jlIpu 2E+0 2E-2 8E-12 - - -

B~ne So~rl B~;e ~~rl SE-14 6E·8 6E·7
4E+0 4E·2

Y, see 234 pU - 4E-2 2E-l1 6E-14 -
94 Ptutonium~237 W, see i;';$4pu lE+4 3E+3 lE-6 SE-9 2E-4 2E-3

Y, see "'~Pu - 3E+3 lE-6 4E-9 - -
94 Plutonium-238 W,see Pu 9E-1 7E-3 3E-12 - -

B~ne S~~rl B~~e ~~rl 2E-14 2E-8 2E-7
2E+0 1E-2

Y, see 2;s4PU - 2E-2 BE-12 2E-14 - -
94 Plutonium-239 W, see ~,)'IPu 8E-l 6E-3 3E-12 - - -

B~ne S~~rl B~~e ~~rl 2E-14 2E-8 2E-7
1E+0 lE-2

Y, see Z34 pU - 2E-2 7E-12 - -
- B~;e ~~rl - 2E-14 -

2E-2

94 Plutonium-240 W, see <'3' Pu 8E-l 6E-3 3E-12 -
B~ne ~~rl B~,ne ~~rl - 2E-14 2E-8 2E-7

1E+0 lE-2

Y, see "'~ Pu 2E-2 7E-12 -

B~;ne ~~rl - 2E-14 -
2E-2

94 Plutonium-241 W, seet::;j.<pu 4E+l 3E-1 1E-10 -

B~ne ~~rl B~fne ~~rl - 8E-13 1E-6 1E-S
7E+l 6E-1

Y, see 234 pU BE-1 3E-10 -

B~ne ~~rl - 1E-12 -
1E+0

94 Plutonium-242 W,see Pu 8E-1 7E-3 3E-12 - - -

B~,"e ~~rl B~~e ~~rl - 2E-14 2E-B 2E-7
lE+O 1E-2

Y, see Z;s4PU 2E-2 7E-12 - - -
B~;ne ~~rl - 2E-14 -

2E-2
94 Plutonium-243 W, see z;j.<pu 2E+4 4E+4 2E-S SE-B 2E-4 2E-3

Y, see Z34 pU - 4E+4 2E-S SE-B -
94 Ptutonium-244 W,see Pu BE-1 7E-3 3E-12 - -

B~ne ~~rl B~~e ~~rl 2E-14 2E-B 2E-7
2E+0 1E-2

Y, see L;s4PU - 2E-2 7E-12 - -
- B~;e ~~rl 2E-14 -

2E-2

94 Plutonium-245 W, see "';jlIpu 2E+3 SE+3 2E-6 6E-9 3E-S 3E-4

Y, see ;;';s4PU - 4E+3 2E-6 6E-9 -
94 Plutonium-246 W,see Pu 4E+2 3E+2 1E-7 4E-10 -

~~I W~~I - 6E-6 6E-S
4E+2

Y, see Z34pU - 3E+2 1E-7 4E-10

9S Americium- W, all compounds BE+4 3E+S 1E-4 4E-7 1E-3 lE-2

237'
9S Americium· W, all compounds 4E+4 3E+3 1E-6 - SE-4 SE-3
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Tablel'value~ Table II
Ta

!"lfluent ConCentrations
Rei

Sewers
Col.I Col. 2 Co/.3 Col. 1 Col. 2 Monlhly

or~1 Water
Aver~{fe

CPlJcelJ~Ingestion DAG tratiQn
ALI (uGi) (ucVml) (uCVml)

238' Bone surf - 9E-9 -
(6E+3)

95 Americium-239 W, all compounds SE+3 1E+4 SE·6 2E·8 7E·S 7E·4
95 Americium-240 W, all compounds 2E+3 3E+3 1E·6 4E·9 3E·S 3E·4
95 Americium-241 W, aU compounds 8E-1 61"·3 3E-12 - -

Bone ~~rt Bone surf - 2E·14 2E·8 2E-7
(lE+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

(1 E+Q) (lE·2)
9S Americium-242 W, all compounds 4E+3 8E+1 4E·8 - SE-5 SE-4

Bone surf lE·lO -
(9E+1)

9S Americium-243 W, all compounds 8E-l 6E·3 3E-12 - -
Bone surf B~ne ~~rt 2E·14 2E·8 2E·7

i1E+O) lE-2
95 Americium- W, all compounds 6E+4 4E+3 2E-6 - -

244m2 Stwall Bone surf - 1E·8 lE-3 1E-2
(8E+4) (7E+3\

95 Americium-244 W, all compounds 3E+3 2E+2 8E·8 - 4E-S 4E·4
Bone surf - 4E-10 - -

(3E+2)
95 Americium-245 W, all compounds 3E+4 8E+4 3E·S lE·7 4E·4 4E·3
9S Americium- W, all compounds 5E+4 2E+5 8E-S 3E·7 -

246m
2 St wall - - 8E·4 8E·3

16E+4)
95 Americium- W, all compounds 3E+4 lE+S 4E·S 1E-7 4E·4 4E-3

246
2

96 Curium-238 W, all comoounds 2E+4 lE+3 SE·7 2E-9 2E·4 2E-3
96 .Curium-240 W, all compounds 6E+1 6E·1 2E·10 - -

Bone surf Bone surf - 9E·13 1E-6 lE-S
(8E+1l (6E·n

96 Curium-241 W, all compounds 1E+3 3E+1 1E·8 - 2E·S 2E·4
Bone surf SE·ll -

(4E+1l
96 Curium-242 W, all compounds 3E+l 3E-l lE-lO - -

Bone ~~rt B~,ne ~~rt - 4E·13 7E-7 7E·6
ISE+l 3E-1

96 Curium-243 W, all compounds 1E+O 9E-3 4E-12 -
Bone surf Bone surf - 2E-14 3E-8 3E-7

(2E+O) (2E-2)
96 Curium-244 W, all compounds lE+O lE·2 SE·12 - - -

Bone surf Bone surf 3E-14 3E·8 3E-7
(3E+O) (2E·2)

96 Curium-245 W, all compounds 7E-l 6E·3 3E-12 - -
Bone surf Bone surf 2E·14 2E·8 2E·7

(1 E+O) (1 E-2)
96 Curium-246 W, all compounds 7E-l 6E-3 3E-12 - -

Bone surf Bone surf - 2E-14 2E·8 2E-7
11 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

(1 E+Q) (lE·2)
96 Curium·248 W, all compounds 2E·1 2E·3 7E·13 - -

Bone surf Bone surf 4E·1S SE·9 SE·8
(41"-1) (3E·3)

96 Curium·249£ W, all compounds SE+4 2E+4 7E·6 - 7E·4 7E·3
Bone surf 4E·8 - -

(3E+4)
96 Curium-250 W, an compounds 4E-2 3E·4 1E-13 - -

Bone surf Bone surf - 8E-16 9E-l0 9E-9
(6E·2) (SE-4)

97 Berkelium-245 W, all comoounds 2E+3 1E+3 SE·7 2E-9 3E·S 3E-4
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Table l Values
TableU

Table III
n, Effluent Concentrations Rele,,~e~to

Sewers
Col, Col. 2<1 •• -Col,3 Col,! CoI,2 Monthly

Oral Inhalation
I'{~ter

f\v~rage

Ingestion DAC
(;oru;erJ~

ALI (~Cj) (~CVml) ,Zrti°frJCVml
97 Berkelium-246 W, all comoounds 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 surl - 1E-14 2E-8 2E-7
11 E+O\ 19E-31

97 Berkelium-249 W, all compounds 2E+2 2E+0 7E-1O
Bone surf Bone surf 5E-12 6E-6 6E-5

15E+21 14E+0\
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 1E-4 1E-3

- B~ne ~~rt - 1E-9 -
7E+2

98 Californium- W, all compounds 3E+4 6E+2 2E-7 8E-1O -
244' except those given Stwall - - 4E-4 4E-3

forY 13E+41
Y, oxides and - 6E+2 2E-7 8E-1O - -
hydroxides

98 Californium-246 W,seelt.< Ct 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5

V,S8€ Ct - 9E+0 4E-9 1E-11 -
98 Californium-248 W, see £44 C1 8E+0 6E-2 3E-11 - -

Bone surf Bone surf - 2E-13 2E-7 2E-6
12E+11 11 E-1 I

Y, see Cf - 1E-1 4E-11 1E-13 - -
98 Californium-249 W,see ct 5E-1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
I1E+Ol 19E-31

Y, see" Ct 1E-2 4E-12 - - -
Bone surf

I1E-21 - 2E-14 - -
98 Californium-250 W,see Cf 1E+0 9E-3 4E-12 - - -

B~ne s)~rt B~,ne ~~rt - 3E-14 3E-8 3E-7
2E+0 2E-2

Y, see" Cf 3E-2 1E-11 4E-14 - -
98 Californium-251 W, see <, ct 5E-1 4E-3 2E-12 - - -

Br1ne s)~rt B~;e ~~rt
- 1E-14 2E-8 2E-7

1E+0 9E-3
Y, see <. ct 1E-2 4E-12 - - -

B~lne ~~rt - 2E-14 - -
1E-2

98 Californium~252 W, see '''Ct 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf 5E-14 7E-8 7E-7

15E+0\ 14E-21

Y,see Cf 3E-2 1E-11 5E-14 - -
98 Californium-253 W,seemCf .2E+2 2E+0 8E-1O 3E-12 - -

Bone surf - - 5E-6 5E-5
14E+2\

Y,see Cf - 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" Cf 2E-2 7E-12 2E-14 - -
99 Einsteinium- W, all compounds 4E+4 5E+2 2E-7 6E-4 6E-3

250 -
Brte ~~rt 2E-9 - -

1E+3
99 Einsteinium· W, all compounds 7E+3 9E+2 4E-7 1E-4 1E-3

251 - Bone surf 2E-9 - -
I1E+31

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+2l
99 Einsteinium· W, all compounds 8E+0 7E-2 3E-11 -

254 B~ne ~~rt B~~e ~~rt 2E-13 2E-7 2E-6
2E+1 1E-1

100 Fermium-252 W, all comoounds 5E+2 1E+1 5E-9 2E-11 6E-6 6E-5
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Table I Table II
Table III

Ocwpational Values Effluent Concentrations
Releases to

Sewers
Col. 1 Col. 2 I Col.S Col. 1 Co/.2 Monlhly

Oral Inhalation A¥erage

Ingestion DAC
Concen-

ALI (~Ci) (~CVlT)t) rJtIiO~)·CVml
100 Fermium·253 W, all COffioounds lE+3 lE+l 4E-9 lE-ll lE-5 lE-4
100 Fermium-254 W, all COffioounds 3E+3 9E+l 4E-8 lE-lO 4E-5 4E-4
100 Fermium-255 W, all cOffioounds 5E+2 2E+l 9E-9 3E·l1 7E·6 7E-5
100 Fermium-257 W, all compounds 2E+l 2E-l 7E-ll - -

Bone surf Bone surf - 3E-13 5E-7 5E-6
(4E+1\ (2E-1\

101 Mendelevium- W, all compounds 7E+3 8E+l 4E-8 lE-4 lE-3
257 Bone surf - lE-lO -

(9E+1\
101 Mendelevium- W, all compounds 3E+l 2E-l lE-lO -

258 B~ne ~~rt B~;e ~yrt - 5E-13 6E-7 6E-6
5E+l 3E-l

- Any single Submersion 2E+2 lE-7 lE-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-l lE-lO 1E-12 lE-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 lE-15 2E-9 2E-8
radionucfide 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,

loSubmersion~ 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 IJCifml 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 1200-02-05-.52.)
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3 For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see 1200-02-05-.50(5»). 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 = [0.4 + 0.38 (enrichment) + 0.0034 (enrichment)2] 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 radionucfide 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

""",,TablaIVaIUeS

Tabla III
Table 1I Releases to

Eflluant Concantrallons Sewers
Col>l I Col. 2 I Co/.3 Col. 1 Col. 2

MOnthlyInhalation
Oral )\\f~rage

Ingestion PAC ,.. ;... "" Concentration

AlituCit • (~PVffil) (IlPVffil)

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 that Ac·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-l1 -
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, Y ara not
present
If, in addition, it is known that Pb-210-D, Bi- 7E-l 3E-l0 -
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 present
If, in addition, it is known that Si-32-Y, Ti-44- 7E+O 3E-9 -
Y, Fa-60-D, Sr-90-Y, Zr-93-D, Cd-113m-D.
Cd-113-D, In-115-D, W, La-138·D, Lu-176-W,
HI·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-253-W are not

, present
If it is known that Ac-227-D, W, Y, Th-229-W, - - lE-14 -
Y, Th-232-W, Y, Pa-231-W, Y, Cm-248-W,
and Cm-250·W are not present
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TlIble III
TlIble I TlIble II Ael~ases to

OCcuolltiorilll VlIlues Effluent Concentrations Sewers
Col. 1 .1 Col. 2 I Co/.S Col. 1 Col. 2

Mo~thlyInhllilltion
Oml A,,~(ag?

Ingle(J~on
DAC Concentration

ALI Cil (~9Vml) (fJPVmQ

If, in addition, it is known that Sm~146·W, Gd- - 1E-13 - -
148-D. W, Gd-152-D, Th-228W, Y, Th-230-
W, Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, U-NlIt-Y, Np-236-W, Np-
237W, Pu-236-W, Y, Pu-238W, Y, Pu-239-
W, Y, Pu-240-W, Y, Pu-242-W, Y, Pu-244-W,
Y, Am-241W, Am-242mW, Am-243-W, Cm-
243-W, Cm-244W, Cm-245W, Cm-246W,
Cm-247-W, Bk-247-W, Cf-249W, Y, Cf-250-
W, Y, CI-251-W, Y, Ct-252-W, Y, lind Cf-254-
W, Yare not oresent
If, in addition, it is known that Sm-147-W, Gd· - - - 1E-12
152-W, Pb-21O-D, BI-210mW, Po-21O-D, W,
RII-223-W, Ra-225W, Ra-226W, Ac-225-D,
W, Y, Th-227W, Y, U-230-D, W, Y, U-232-D,
W, U-Nat-W, Pu-241-W, Cm-240W, Cm-242-
W, CI-248W, Y, Es-254W, Fm-257-W, and
Md-258-W are not present
If, in addition it is known that Fe-50, Sr-90, - 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, RII-223, Ra-224, RII-225,
Ae-225, Th-228, Th-230, U-233, U-234, U-
235, U-236, U-238, U-Nat, Cm-242, Cf-248,
Es-254, Fm-257, and Md-258 are not oresent

3. If a mixture of radronuclldes consists of uranium and Its daughters In ore dust (1 0 ~Im AMAD partIcle distributIon assumed) prior to
chemical separation of the uranium from the are, the following values may be used for the DAC of the mixture: 6E-11 ~Ci of gross alpha
activity from uranium-238, uranium·234, thorium-230, and radium-226 per milliliter of air; 3E-11 !lei 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 radionuciide In the mixture, Ihe ratio between Ihe concentralion present in the mixture and Ihe
concenlralion olherwise eslablished in Schedule RHS 8-30 for the specific radionuclide when not in a mixture. The sum of
such ralios for all of the radionuclides in Ihe mixture may not exceed "1" (i.e., "unity')_

Example: If radlonuciides "A,' "S,' and "C' are present in concentralions CA, CB, and Cc, and if fhe applicable DACs are
DACA, DACB, and DACe, respeclively, then Ihe concentralions shall be limited so that the following relationship exists:

CB
+-------

DACB

Cc
+--------

DACe

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

New Rules

Chapter 1200-02-05 is amended by adding new rules 1200-02-05-.127 Disposal of Certain Byproduct Material
and 1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits. The new rules shall read as follows;

Table of Contents

1200-02-05-.127 Disposal of Certain Byproduct Material
1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits

(1) Licensed material as defined in SUbparagraphs (c) and (d) of the definition of Byproduct materiat set forth
in Rule 1200-02-05-_32(11) may be disposed of in accordance with Chapter 1200-02-11, even though it is
not defined as low-level radioactive waste_ Therefore, any licensed byproduct material being disposed of
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at a facility, or transferred for ultimate disposal at a facility licensed under Chapter 1200-02-11, must meet
the requirements of Rule 1200-02-05-.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 1200-02-05-.32(11), 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.

1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits.

When a licensee or registrant is required by Rule 1200-02-05-.143 or 1200-02-05-.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 included in the report to the Division. This report must be transmitted no later than the transmittal to the
Division.

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

Chapter 1200-02-07
Use of Radionuclides in the Healing Arts

Amendments

Paragraph (32) of Rule 1200-02-07-.05 Definitions is amended by deleting the paragraph and substituting the
following so that, as amended, paragraph (32) shall read as follows:

(32) "Radioactive drug" means any chemical compound containing radioactive material that may be used on
or administered to patients or human research subjects as an aid in the diagnosis, treatment, or
prevention of disease or other abnormal condition.

Rule 1200-02-07-.05 Definitions is amended by adding new paragraph (45) so that, as amended, paragraph (45)
shall read as follows:

(45) "Positron Emission Tomography (PET) radionuclide production facility" is defined as a facility operating a
cyclotron or accelerator for the purpose of producing PET radionuclides.

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

Rule 1200-02-07-.14 Notifications is amended by deleting the rule and SUbstituting the following so that, as
amended, Rule 1200-02-07-.14 shall read as follows:

1200-02-07-.14 Notifications.

(1) A licensee shall provide to the Division a copy of the board certification, the Nuclear Regulatory
Commission, Agreement State or Licensing State license, or the permit issued by a licensee of broad
scope for each individual no later than thirty (30) days after the date that the Licensee permits the
individual to work as an authorized user, an authorized nuclear pharmacist or an authorized medical
physicist, pursuant to Rule 1200-02-07-.13(1)(b).

(2) A licensee shall notify the Division no later than thirty days after:

(a) An authorized user, an authorized nuclear pharmacist, a radiation safety officer, or an authorized
medical physicist permanently discontinues performance of duties under the license or has a
name change;

(b) The licensee's mailing address changes;
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(c) The licensee's name changes, but the name change does not constitute a transfer of control of
the license as described in Rule 1200-02-10-.16(2); or

(d) The licensee has added to or changed the areas of use identified in the application or on the
license where radioactive material is used under either Rule 1200-02-07-.38 or 1200-02-07-.40.

(3) The licensee shall send the documents required in this rule to the Division at the address listed in Rule
1200-02-04-.07(1 )(c).

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

Paragraph (4) of Rule 1200-02-07-.15 Exemptions Regarding Specific Licenses of Broad Scope is amended by
deleting "1200-02-07-.14(1 )(a)" between the word "of" and "regarding" and replacing it with "Rule 1200'02-07
.14(2)(a)" so that, as amended, paragraph (4) shall read as follows:

(4) The provisions of Rule 1200-02-07-.14(2)(a) regarding notification to the Division for new authorized
users, new authorized medical physicists and new authorized nuclear pharmacists;

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

SUbpart (ii) of part 2 of sUbparagraph (b) of paragraph (1) of Rule 1200-02-07-.23 Training of Radiation Safety
Officer is amended by adding "Rule 1200-02-07-.26," between the word "under" and "1200·02-07-.43" so that, as
amended, subpart (Ii) shall read as follows:

(Ii) In clinical nuclear medicine facilities providing diagnostic and/or therapeutic
services under the direction of physicians who meet the requirements for
authorized users under Rule 1200-02-07-.26, 1200-02-07-.43 or 1200-02-07-.47;
and

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

Part 2 of subparagraph (b) of paragraph (1) of Rule 1200-02-07-.24 Training for Authorized Medical Physicist is
amended by adding "Rule 1200-02-07-.26," between the word "in" and "1200-02-07-.59" so that, as amended,
part 2 shall read as follows:

2. In clinical radiation facilities providing high energy, external beam therapy (photons and
electrons with energies greater than or equal to 1 million electron volls) and
brachytherapy services under the direCtion of physicians who meet the requirements for
authorized users in Rule 1200-02-07-.26,1200-02-07-.59 or 1200-02-07-.80; and

Subparagraph (b) of paragraph (2) of Rule 1200-02-07-.24 Training for Authorized Medical Physicist is amended
by deleting the subparagraph and substituting the following so that, as amended, subparagraph (b) shall read as
follows:

(b) Has obtained written attestation that the individual has satisfactorily completed the requirements
in subparagraphs (1)(a) and (1)(b) and paragraph (3), or subparagraph (2)(a) and paragraph (3)
of this rule, and has achieved a level of competency sufficient to function independently as an
authorized medical physicist for each type of therapeutic medical unit for which the individual is
requesting authorized medical physicist status. The written attestation must be signed by a
preceptor authorized medical physicist who meets the requirements in Rule 1200-02-07-.24, Rule
1200-02-07-.26 or equivalent U.S. Nuclear Regulatory Commission or Agreement State
requirements for an authorized medical physicist for each type of therapeutic medical unit for
which the individual is requesting authorized medical physicist status; and

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

Rule 1200-02-07-.26 Training for Experienced Radiation Safety Officer, Teletherapy or Medical Physicist,
Authorized User, and Nuclear Pharmacist is amended by adding paragraph (3) which shall read as follows:
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(3) Individuals who need not comply with training requirements as described in this rule may serve as
preceptors for, and supervisors of, applicants seeking authorization on Division or NRC licenses for the
same uses for which these individuals are authorized.

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

Rule 1200-02-07-.30 Determination of Dosages of Unsealed Radioactive Material for Medical Use is amended by
deleting the rule and substituting the following so that, as amended, Rule 1200-02-07-.30 shall read as follows:

1200-02-07-.30 Determination of Dosages of Unsealed Radioactive Material For Medical Use.

(1) A licensee shall determine and record the activity of each dosage before medical use.

(2) For a unit dosage, this determination must be made by:

(a) Direct measurement of radioactivity; or

(b) A decay correction, based on the activity or activity concentration determined by:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State requirements; or

2. An Agreement State or U.S. Nuclear Regulatory Commission licensee for use in research
in accordance with a radioactive drug research committee-approved protocol or an
investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA).

3. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
Agreement State requirements.

(3) For other than unit dosages, this determination must be made by:

(a) Direct measurement of radioactivity;

(b) Combination of measurement of radioactivity and mathematical calculations; or

(c) Combination of volumetric measurements and mathematical calculations, based on the
measurement made by:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State requirements; or

2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
U.S. Nuclear Regulatory Commission or Agreement State requirements.

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

Paragraph (1) of Rule 1200-02-07-.38 Use of Unsealed Radioactive Material for Uptake, Dilution, and Excretion
Studies for Which a Written Directive is Not Required is amended by deleting the paragraph and substituting the
following so that, as amended, paragraph (1) shall read as follows:

(1) Except for quantities that require a written directive under Rule 1200-02-07-.20(2), a licensee may use
any unsealed radioactive material, prepared for medical use for uptake, dilution, or excretion that is:

(a) Obtained from:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State requirements; or
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2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
Agreement State requirements; or

(b) Excluding production of PET radionuclides, prepared by:

1. An authorized nuclear pharmacist;

2. A physician who is an authorized user and who meets the requirements specified in Rule
1200-02-07-.43, or Rule 1200-02-07-.47 and Rule 1200-02-07-.43(1 )(c)1 (i1)(VII); or

3. An individual under the supervision, as specified in Rule 1200-02-07-.19, of the
authorized nuclear pharmacist in part 1 of this subparagraph or the physician who is an
authorized user in part 2 of this subparagraph; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear Regulatory Commission
licensee for use in research in accordance with a radioactive drug research committee-approved
protocol or an investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA); or

(d) Prepared by the licensee in accordance with a Radioactive Drug Research Committee approved
application or an Investigational New Drug (IND) protocol accepted by Food and Drug
Administration (FDA) for use in research.

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

SUbpart (ii) of Part 1 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.39 Training for Uptake, Dilution,
and Excretion Studies is amended by adding "Rule 1200-02-07-.26," between the words "in" and "1200-02-07-.39"
so that, as amended, subpart (i1) shall read as follows:

(ii) Work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.39, 1200-02-07-.43, or 1200
02-07-.47 or equivalent U.S. Nuclear Regulatory Commission or agreement State
requirements, involving:

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.39 Training for Uptake, Dilution, and Excretion
Studies is amended by adding "Rule 1200-02-07-.26," between the words "in" and "1200-02-07-.39" so that, as
amended, part 2 shall read as follows:

2. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.39, 1200-02-07-.43, or 1200-02-07
.47 or equivalent Agreement State or U.S. Nuclear Regulatory Commission requirements,
that the individual has satisfactorily completed the requirements in parts (1)(a)1 or (1)(c)1
of this rule and has achieved a level of competency sufficient to function independently
as an authorized user for the medical uses authorized under Rule 1200-02-07-.38.

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

Paragraph (1) of Rule 1200-02-07-.40 Use of Unsealed Radioactive Material for Imaging and Localization Studies
for Which a Written Directive is Not Required is amended by deleting the paragraph and substituting the following
so that, as amended, paragraph (1) shall read as follows:

(1) A licensee may use, for imaging and localization studies, any radioactive material prepared for medical
use, in quantities that do not require a written directive as described in Rule 1200-02-07-.20(2) that is:

(a) Obtained from:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent
regulations of another Agreement State or U.S. Nuclear Regulatory Commission
requirements; or

53



2. A PET radioactive drug producer licensed under Ruie 1200-02-10-.11 (8) or equivalent
Agreement State requirements; or

(b) Excluding production of PET radionuclides prepared by an authorized nuclear pharmacist, a
physician who is an authorized user and who meets the requirements specified in Rule 1200-02
07-.43, or Rule 1200-02-07-.47 and Rule 1200-02-07-.43(1)(c)1(ii)(VII), or an individual under the
supervision of either as specified in Rule 1200-02-07-.19; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear Regulatory Commission
licensee for use in research in accordance with a radioactive drug research committee-approved
protocol or an investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA); or

(d) Prepared by the licensee for use in research in accordance with a radioactive drug research
committee-approved application or an investigational new drug (IND) protocol accepted by Food
and Drug Administration (FDA).

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

Paragraph (1) of Rule 1200-02-07-.41 Radionuclide Contaminants is amended by deleting the paragraph and
sUbstituting the following so that, as amended, paragraph (1) shall read as follows:

(1) A licensee shall not administer to humans a radiopharmaceutical that contains:

(a) More than 0.15 kilobecquerel of molybdenum-99 per megabecquerel of technetium-99m (0.15
~Ci of Mo-99 per mCi of Tc-99m); or

(b) More than 0.02 kilobecquerel of strontium-82 per megabecquerel of rubidium-82 chloride injection
(0.02 ~Ci of Sr-82 per mCi of Rb-82 chloride); or more than 0.2 kilobecquerel of strontium-85 per
megabecquerel of rubidium-82 chloride injection (0.2 ~Ci of Sr-85 per mCi of Rb-82).

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

Subpart (ii) of Part 1 of sUbparagraph (c) of paragraph (1) of Rule 1200-02-07-.43 Training for Imaging and
Localization Studies is amended by adding ", Rule 1200-02-07-.26," between the words "rule" and "or" so that, as
amended, subpart (ii) shall read as follows:

(iI) Work experience, under the supervision of an authorized user, who meets the
requirements in this rule, Rule 1200-02-07-.26, or item (VII) of this subpart and
Rule 1200-02-07-.47 or equivalent Agreement State or U.S. Nuclear Regulatory
Commission requirements, involving:

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.43 Training for Imaging and Localization Studies
is amended by deleting the part and substituting the following so that, as amended, part 2 shall read as follows:

2. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in this rule, Rule 1200-02-07-.26, or Rule 1200-02-07-.47 and item 1(ii)(VII)
of this SUbparagraph or equivalent Agreement State or U.S. Nuclear Regulatory
Commission requirements, that the individual has satisfactorily completed the
requirements in parts (a)1 or (c)1 of this paragraph and has achieved a level of
competency sufficient to function independently as an authorized user for the medical
uses authorized under Ruies 1200-02-07-.38 and 1200-02-07-.40.

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

Paragraph (1) of Rule 1200-02-07-.44 Use of Unsealed Radioactive Material for Which a Written Directive is
Required is amended by deleting the paragraph and SUbstituting the following so that, as amended, paragraph (1)
shall read as follows:
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(1) A licensee may use any unsealed radioactive material for diagnostic or therapeutic medical use for which
a written directive is required that has been:

(a) Obtained from:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements; or

2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
Agreement State requirements; or

(b) Excluding production of PET radionuclides prepared by an authorized nuclear pharmacist, a
physician who is an authorized user and who meets the requirements specified in Rule 1200-02
07-.43, Rule 1200-02-07-.47, or an individual under the supervision of either as specified in Rule
1200-02-07-.19; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear Regulatory Commission
licensee for use in research in accordance with an investigational new drug (IND) protocol
accepted by Food and Drug Administration (FDA) for use in research; or

(d) Prepared by the licensee for use in research in accordance with an investigational new drug
(IND) protocol accepted by Food and Drug Administration (FDA).

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

SUbpart (Ii) of Part 1 of subparagraph (b) of paragraph (1) of Rule 1200-02-07-.47 Training for Use of Unsealed
Radioactive Material for Which a Written Directive is Required is amended by adding "Rule 1200-02-07-.26,"
between the words "rule," and "or" so that, as amended, subpart (ii) shall read as follows:

(Ii) Work experience, under the supervision of an authorized user who meets the
requirements of this rule, Rule 1200-02-07-.26, or equivalent U.S. Nuclear
Regulatory Commission or Agreement State requirements. A supervising
authorized user, who meets the requirements in this subparagraph, must also
have experience in administering dosages in the same dosage category or
categories (i.e., item (VI) of this SUbpart) as the individual requesting authorized
user status. The work experience must involve:

Part 2 of subparagraph (b) of paragraph (1) of Rule 1200-02-07-.47 Training for Use of Unsealed Radioactive
Material for Which a Written Directive is Required is amended by deleting the part and substituting the following
so that, as amended, part 2 shall read as follows:

2. Have obtained written attestation that the individual has satisfactorily completed the
requirements in part (a)1 and item (b)1(ii)(VI) of this paragraph or part 1 of this
subparagraph and has achieved a level of competency sufficient to function
independently as an authorized user for the medical uses authorized under Rule 1200
02-07-.44. The written attestation must be signed by a preceptor authorized user who
meets the requirements in this rule, Rule 1200-02-07-.26, or equivalent U.S. Nuclear
Regulatory Commission or Agreement State requirements. The preceptor authorized
user, who meets the requirements in this subparagraph, must have experience in
administering dosages in the same dosage category or categories (i.e., item 1(1i)(VI) of
this subparagraph) as the individual requesting authorized user status.

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

Subparagraph (a) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium Iodine 1
131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the subparagraph and substituting the following so that, as amended, subparagraph (a)
shall read as follows:
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(a) Is certified by a medical specially board whose certification process includes all of the
requirements in subparagraph (c) of this paragraph and whose certification has been recognized
by the Division, the U.S. Nuclear Regulatory Commission or an Agreement State and who meets
the requirements in part (c)3 of this paragraph; (The names of board certifications which have
been recognized by the U.S. Nuclear Regulatory Commission or an Agreement State will be
posted on the U.S. Nuclear Regulatory Commission's Web page); or

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquerels (33
Millicurries) is amended by deleting the part, but not its subparts, and substituting the following so that, as
amended, part 2, prior to its subparts, shall read as follows:

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.48, 1200-02-07-.49,
or equivalent Agreement State or U.S. Nuclear Regulatory Commission requirements. A
supervising authorized user who meets the requirements in Rule 1200-02-07-.47(1)(b),
must also have experience in administering dosages as specified in Rule 1200-02-07
.47(1)(b)1(ii)(VI)1 or II. The work experience must involve:

Part 3 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquerels (33
Millicurries) is amended by deleting the part and substituting the following so that, as amended, part 3 shall read
as follows:

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in parts 1 and 2 of this subparagraph and has achieved a level of
competency sufficient to function independently as an authorized user for medical uses
authorized under Rule 1200-02-07-.44. The written attestation must be signed by a
preceptor authorized user who meets the requirements in Rule 1200-02-07-.26, 1200-02
07-.47, 1200-02-07-.48, 1200-02-07-.49, or equivalent Agreement State or U.S. Nuclear
Regulatory Commission requirements. A preceptor authorized user, who meets the
requirement in Rule 1200-02-07-.47(1)(b), must also have experience in administering
dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)1 or II.

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

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.49 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less greater than 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the part, but not its subparts, and substituting the following so that, as amended, part 2, prior
to its subparts, shall read as follows:

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.49 or eqUivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements. A supervising
authorized user, who meets the requirements in Rule 1200-02-07-.47(1)(b), must have
experience in administering dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)11.
The work experience must involve:

Part 3 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.49 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less greater than 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the part and substituting the following so that, as amended, part 3 shall read as follows:

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in parts 1 and 2 of this subparagraph and has achieved a level of
competency sufficient to function independently as an authorized user for medical uses
authorized under Rule 1200-02-07-.44. The written attestation must be signed by a
preceptor authorized user who meets the requirements in Rule 1200-02-07-.26, 1200-02
07-.47, 1200-02-07-.49, or equivalent Agreement State or U.S. Nuclear Regulatory
Commission requirements. A preceptor authorized user, who meets the requirements in
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Rule 1200-02-07-.47(1)(b), must have experience in administering dosages as specified
in Rule 1200-02-07-.47(1)(b)1(ii)(VI)11.

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

Paragraph (1) of Rule 1200-02-07-.50 Training for the Parenteral Administration of Unsealed Radioactive Material
Requiring a Written Directive is amended by deleting the paragraph and substituting the following so that, as
amended, paragraph (1) shall read as follows:

(1) Except as provided in Rule 1200-02-07-.26, a licensee shall require an authorized user for the parenteral
administration requiring a written directive, to be a physician who:

(a) Is an authorized user under Rule 1200-02-07-.47 for uses listed in Rule 1200-02-07
.47(1)(b)1(ii)(VI)1I1 or 1200-02-07-.47(1)(b)1(ii)(VI)IV, or equivalent Agreement State or U.S.
Nuclear Regulatory Commission requirements; or

(b) Is an authorized user under Rule 1200-02-07-.59 or 1200-02-07-.80, or equivalent Agreement
State or U.S. Nuclear Regulatory Commission requirements and who meets the requirements in
subparagraph (d) of this paragraph; or

(c) Is certified by a medical specialty board whose certification process has been recognized by the
U.S. Nuclear Regulatory Commission or an Agreement State under Rule 1200-02-07-.59 or 1200
02-07-.80, and who meets the requirements in subparagraph (d) of this paragraph.

(d) 1. Has successfully completed 80 hours of classroom and laboratory training, applicable to
parenteral administrations, for which a written directive is required, of any beta emitter or
any photon-emitting radionuclide with a photon ener9Y less than 150 keV, and/or
parenteral administration of any other radionuclide for which a written directive is required.
The training must include:

(i) Radiation physics and instrumentation;

(ii) Radiation protection;

(iii) Mathematics pertaining to the use and measurement of radioactivity;

(iv) Chemistry of radioactive material for medical use; and

(v) Radiation biology; and

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47 or 1200-02-07-.50, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements, in the parenteral
administration, for which a w"ritten directive is required, of any beta emitter or any photon
emitting radionuclide with a photon energy less than 150 keV, and/or parenteral
administration of any other radionuclide for which a written directive is required. A
supervising authorized user who meets the requirements in Rule 1200-02-07-.47 must
have experience in administering dosages as specified in Rule 1200-02-07
.47(1)(b)1(il)(VI)1I1 and/or IV. The work experience must involve:

(i) Ordering, receiving, and unpacking radioactive materials safely, and performing
the related radiation surveys;

(ii) Performing quality control procedures on instruments used to determine the
activity of dosages, and performing checks for proper operation of survey meters;

(iii) Calculating, measuring, and safely preparing patient or human research SUbject
dosages;
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(iv) Using administrative controls to prevent a misadministration involving the use of
unsealed radioactive material;

(v) Using procedures to contain spilled radioactive material safely, and using proper
decontamination procedures; and

(vi) Administering dosages to patients or human research subjects, that include at
least three cases involving the parenteral administration, for which a written
directive is required, of any beta emitter or any photon-emitting radionuclide with
a photon energy less than 150 keV and/or at least three cases involving the
parenteral administration of any other radionuclide, for which a written directive is
required; and

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in subparagraphs (b) or (c) of this paragraph, and has achieved a level of
competency sufficient to function independently as an authorized user for the parenteral
administration of unsealed radioactive material requiring a written directive. The written
attestation must be signed by a preceptor authorized user who meets the requirements in
Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.50, or equivalent Agreement State or
U.S. Nuclear Regulatory Commission requirements. A preceptor authorized user, who
meets the requirements in Rule 1200-02-07-.47, must have experience in administering
dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)11I and/or IV.

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

Paragraph (1) of Rule 1200-02-07-.59 Training for Use of Manual Brachytherapy Sources is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (1) shall read as follows:

(1) Except as provided in Rule 1200-02-07-.26, a licensee shall require an authorized user of a manual
brachytherapy source for the uses authorized under Rule 1200-02-07-.51 to be a physician who:

(a) Is certified by a medical specialty board whose certification process has been recognized by the
Division, the U.S. Nuclear Regulatory Commission, or an Agreement State, and who meets the
requirements in part (b)3 of this paragraph. (The names of board certifications which have been
recognized by the U.S. Nuclear Regulatory Commission or an Agreement State will be posted on
the U.S. Nuclear Regulatory Commission's Web page.) To be recognized, a specialty board shall
require all candidates for certification to:

1. Successfully complete a minimum of 3 years of residency training in a radiation oncology
program approved by the Residency Review Committee of the Accreditation Council for
Graduate Medical Education or Royal College of Physicians and Surgeons of Canada or
the Committee on Postgraduate Training of the American Osteopathic Association; and

2. Pass an examination, administered by diplomates of the specialty board, which tests
knowledge and competence in radiation safety, radionuclide handling, treatment
planning, quality assurance, and clinical use of manual brachytherapy; or

(b) 1. Has completed a structured educational program in basic radionuclide handling
techniques applicable to the use of manual brachytherapy sources that includes:

(i) 200 hours of classroom and laboratory training in the following areas:

(I) Radiation physics and instrumentation;

(II) Radiation protection;

(III) Mathematics pertaining to the use and measurement of radioactivity; and

(IV) Radiation biology; and
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(II) 500 hours of work experience, under the supervision of an authorized user who
meets the requirements in this rule, Rule 1200-02-07-.26, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements at a
medical institution, involving:

(I) Ordering, receiving, and unpacking radioactive materials safely and
performing the related radiation surveys;

(II) Checking survey meters for proper operation;

(III) Preparing, implanting, and removing brachytherapy sources;

(IV) Maintaining running inventories of material on hand;

(V) Using administrative controls to prevent a misadministration involving the
use of radioactive material;

(VI) Using emergency procedures to control radioactive material; and

2. Has completed three (3) years of supervised clinical experience in radiation oncology,
under an authorized user who meets the requirements in this rule, Rule 1200-02-07-.26,
or equivalent U.S. Nuclear Regulatory Commission or Agreement State requirements, as
part of a formal training program approved by the Residency Review Committee for
Radiation Oncology of the Accreditation Council for Graduate Medical Education or the
Royal College of Physicians and Surgeons of Canada or the Committee on Postdoctoral
Training of the American Osteopathic Association. This experience may be obtained
concurrently with the supervised work experience required by subpart 1(ii) of this
sUbparagraph; and

3. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in this rule, Rule 1200-02-07-.26, or equivalent Agreement State or U.S.
Nuclear Regulatory Commission requirements, that the individual has satisfactorily
completed the requirements in part (a)1, or parts (b)1 and 2 of this paragraph and has
achieved a level of competency sufficient to function independently as an authorized user
of manual brachytherapy sources for the medical uses authorized under Rule 1200-02
07-.51.

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

Part 3 of subparagraph (b) of paragraph (1) of rule 1200-02-07-.60 Training for Ophthalmic Use of Strontium-90 is
amended by deleting the part and substituting the following so that, as amended, part 3 shall read as follows:

3. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.59, this rule, or equivalent Agreement
State or U.S. Nuclear Regulatory Commission requirements, that the individual has
satisfactorily completed the requirements in subparagraph (b) of this paragraph and has
achieved a level of competency sufficient to function independently as an authorized user
of strontium-90 for ophthalmic use.

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

Subparagraph (b) of paragraph (1) of rule 1200-02-07-.80 Training for Use of Remote Afterloader Units,
Teletherapy Units, and Gamma Stereotactic Radiosurgery Units is amended by deleting the subparagraph and
substituting the following so that, as amended, subparagraph (b) shall read as follows:

(b) 1. Has completed a structured educational program in basic radionuclide techniques
applicable to the use of a sealed source in a therapeutic medical unit that includes:

(i) 200 hours of classroom and laboratory training in the following areas:
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(I) Radiation physics and instrumentation;

(II) Radiation protection;

(III) Mathematics pertaining to the use and measurement of radioactivity; and

(IV) Radiation biology; and

(Ii) 500 hours of work experience, under the supervision of an authorized user who
meets the requirements in this rule, Rule 1200-02-07-.26, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements at a
medical institution, involving:

(I) Reviewing full calibration measurements and periodic spot-checks;

(II) Preparing treatment plans and calculating treatment doses and times;

(III) Using administrative controls to prevent a misadministration involving the
use of radioactive material;

(IV) Implementing emergency procedures to be followed in the event of the
abnormal operation of the medical unit or console;

(V) Checking and using survey meters; and

(VI) Selecting the proper dose and how it is to be administered; and

2. Has completed three years of supervised clinical experience in radiation therapy, under
an authorized user who meets the requirements in Ihis rule, Rule 1200-02-07-.26, or
equivalent U.S. Nuclear Regulatory Commission or Agreement State requirements, as
part of a formal training program approved by the Residency Review Committee for
Radiation Oncology of the Accreditation Council for Graduate Medical Education or Royal
College of Physicians and Surgeons of Canada or the Committee on Postdoctoral
Training of the American Osteopathic Association. This experience may be obtained
concurrently with the supervised work experience required by subpart 1(ii) of this
subparagraph; and

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in part (a)1 of this paragraph or part 1 of this subparagraph, and part 2 of
this subparagraph and subparagraph (c) of this rule and has achieved a level of
competency sufficient to function independently as an authorized user of each type of
therapeutic medical unit for which the individual is requesting authorized user status. The
written attestation must be signed by a preceptor authorized user who meets the
requirements in this.rule, Rule 1200-02-07-.26, or equivalent U.S. Nuclear Regulatory
Commission or Agreement State requirements for an authorized user for each type of
therapeutic medical unit for which the individual is requesting authorized user status; and

Chapter 1200-02-10
Licensing and Registration

Amendments

Rule 1200-02-10-.02 Scope is amended by deleting the rule and substituting the following so that, as amended,
Rule 1200-02-10-.02 shall read as follows:

1200-02-10-.02 Scope.

Except as otherwise specifically provided, no person shall manufacture, produce, receive, possess, use, transfer,
own, or acquire radioactive material unless authorized in a specific or general license issued pursuant to this
chapter. All other sources of radiation, registered inspectors, and x-ray installations and services unless exempt
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from this Chapter under Rule 1200-02-10-.03, 1200-02-10-.04, 1200-02-10-.06, 1200-02-10-.07 or 1200-02-10
.30 shall be registered with the Division in accordance with the requirements of Rule 1200-02-10-.24.

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

Paragraph (1) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source Material is
amended by deleting the paragraph and substituting the following so that, as amended, paragraph (1) shall read
as follows:

(1) Exempt concentrations.

(a) Except as provided in Rule 1200-02-10-.04(1)(b) and (d), any person is exempt from these
regulations to the extent that such person receives, possesses, uses, transfers, owns, or acquires
products containing radioactive material introduced in concentrations not in excess of those listed
in Schedule RHS 8-4.

(b) No person may introduce radioactive material into a product or material knowing or having reason
to b.elieve that it will be transferred to persons exempt under Rule 1200-02-10-.04(1 )(a) or
equivalent regulations of the U.S. Nuclear Regulatory Commission, any Agreement State or
Licensing State except in accordance with a license issued pursuant to 10 CFR 32.11.

(c) This paragraph shall not be deemed to authorize the import of radioactive material or products
containing radioactive material.

(d) A manufacturer, processor, or producer of a product or material is exempt from the requirements
for a license set forth in these regulations to the extent that this person transfers radioactive
material contained in a product or material in concentrations not in excess of those specified in
Schedule RHS 8-4 in the Appendix to this Chapter and introduced into the product or material by
a licensee holding a specific license issued by the NRC expressly authorizing such introduction.
This exemption does not apply to the transfer of radioactive material contained in any food,
beverage, cosmetic, drug, or other commodity or product designed for ingestion or inhalation by,
or application to, a human being.

Paragraph (2) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source Material is
amended by deleting the paragraph and substituting the following so that, as amended, paragraph (2) shall read
as follows:

(2) Exempt products.

(a) Except for persons who apply radioactive materials to or persons who incorporate radioactive
material into the products listed in this paragraph, any person is exempt from these regulations to
the extent that he receives, possesses, uses, transfers, owns or acquires the following products:

1. Time pieces or hands or dials containing not more than the following quantities of
radioactive material and not exceeding the follOWing specified levels of radiation:

(i) 25 miliicuries of tritium per timepiece;

(ii) 5 millicuries of tritium per hand;

(iii) 15 miIlicuries of tritium per dial (bezels when used shall be considered as part of
the dial);

(iv) 100 microcuries of promethium-147 per watch or 200 microcuries of promethium
147 per any other timepiece;

(v) 20 microcuries of promethium-147 per watch hand or 40 microcuries of
promethium-147 per other timepiece hand;

(Vi) 60 microcuries of promethium-147 per watch dial or 120 microcuries of
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promethium-147 per other timepiece dial (bezels when used shall be considered
part of the dial);

(vii) The levels of radiation from hands and dials containing radioactive materials will
not exceed when measured through 50 milligrams per square centimeter of
absorber:

(I) For wrist watches, 0.1 millirad per hour at 10 centimeters from any
surface;

(II) For pocket watches, 0.1 millirad per hour at 1 centimeter from any
surface;

(III) For any other timepiece, 0.2 millirad per hour at10 centimeters from any
surface.

(viii) One (1) microcuries of radium-225 per timepiece in intact timepieces
manufactured prior to the effective date of this regulation.

2. Reserved.

3. Balances of precision containing not more than 1 millicurie of tritium per balance or not
more than 0.5 millicurie of tritium per balance part manufactured before December 17,
2007.

4. Reserved.

5. Marine compasses containing not more than 750 millicuries of tritium gas and other
marine navigational instruments containing not more than 250 millicuries of tritium gas
manufactured before December 17, 2007.

5. Reserved.

7. Electron tUbes' containing not more than one of the following specified quantities of
radioactive material per tube:

(i) 150 millicuries of tritium per microwave receiver protector tube or 10 millicuries of
tritium per any other electron tube;

(ii) 1 microcurie of cobalt-50;

(iii) 5 microcuries of nickel-53;

(iv) 30 microcuries of krypton-85;

(v) 5 microcuries of cesium-137;

(Vi) 30 microcuries of promethium-147;.

provided, the levels of radiation from each electron tube containing radioactive material
do not exceed 1 millirad per hour at 1 centimeter from any surface when measured
through 7 milligrams per square centimeter of absorber.

8. Reserved.

9. Gas and aerosol detectors containing radioactive material.

"Electron tubesn
, as used in this SUbparagraph, include spark gap tubes, power tubes, gas tubes, including glow tamps, receiving tubes,

microwave tubes, indicator tubes, pickup tubes, radiation detection tubes and any other completely sealed tube that is designed to
conduct or control electrical currents.
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(i) Except for persons who manufacture, process, produce, or initially transfer for
sale or distribution gas and aerosol detectors containing radioactive material, any
person is exempt from these regulations to the extent that such person receives,
possesses, uses, transfers, owns, or acquires radioactive material in gas and
aerosol detectors designed to protect life or property from fires and airborne
hazards provided that detectors containing radioactive material shall have been
manufactured, processed, produced, or initially transferred2 in accordance with a
specific license issued by the U.S. Nuclear Regulatory Commission pursuant to
section 32.26 of 10 CFR Part 32 or a licensing state pursuant to regulations
equivalent to Rule 1200-02-10-.13(15) that authorizes the initial transfer of the
detectors to persons who are exempt from regulatory requirements. This
exemption also covers gas and aerosol detectors manufactured or distributed
before the effective date of these rules in accordance with a specific license
issued by an Agreement State under comparable provisions to Rule 1200-02-10
.13(15) authorizing distribution to persons exempt from regulatory requirements.

(ii) Gas and aerosol detectors previously manufactured and distributed to general
licensees in accordance with a specific license issued by an Agreement State
shall be considered exempt under Rule 1200-02-10-.04(2)(a)9(i), provided that
the device is labeled in accordance with the specific license authorizing
distribution of the generally licensed device, and provided further that they meet
the requirements of Rule 1200-02-10-.13(15).

(iii) Gas and aerosol detectors containing NARM previously manufactured and
distributed in accordance with a specific license issued by a Licensing State shall
be considered exempt under Rule 1200-02-10-.04(2)(a)9(i), provided that the
device is labeled in accordance with the specific license authorizing distribution,
and provided further that they meet the requirements of Rule 1200-02-10-.13(15).

10. Self luminous products containing radioactive material.

(i) Except for persons who manufacture, process, or produce self-luminous products
containing tritium, krypton-85, or promethium-147, any person is exempt from
these regulations to the extent that such person receives, possesses, uses,
transfers, owns or acquires tritium, krypton-85, promethium-147 in self luminous
products manufactured, processed, produced, imported, or transferred in
accordance with a specific license issued by the U.S. Nuclear Regulatory
Commission pursuant to Section 32.22 of 10 CFR Part 32, which license
authorizes the transfer of the product to persons who are exempt from regulatory
requirements.

(ii) The exemption in Rule 1200-02-10-.04(2)(a)10(i) does not apply to tritium,
krypton-85, or promethium-147 used in products for frivolous purposes or in toys
or adornments.

(iii) Any person is exempt from these regulations to the extent that such person
receives, possesses, uses, transfers, or owns self luminous products containing
less than 0.1 microcurie of radium-226 which were acquired prior to the effective
date of this regulation.

11. Ionizing radiation measuring instruments containing, for purposes of internal calibration or
standardization, one or more sources of radioactive material; provided that:

(i) Each source contains no more than one exempt quantity set forth in Schedule
RHS 8-3;

(ii) Each instrument contains no more than 10 exempt quantities. For purposes of
this part, an instrument's source(s) may contain either one type or different types
of radionuclides and an individual exempt quantity may be composed of
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fractional parts of one or more of the exempt quantities in Schedule RHS 8-3,
provided that the sum of such fractions shall not exceed unity; and

(iii) For purposes of this part, 0.05 microcuries of americium-241 is considered an
exempt quantity under Schedule RHS 8-3.

12. Reserved.

13. Ionization chamber smoke detectors containing not more than 1 microcurie (~Ci) of
americium-241 per detector in the form of a foil and designed to protect life and property
from fires.

(b) Any person who desires to apply radioactive material to, or to incorporate radioactive material
into, the products exempted in subparagraph (a) of this paragraph or who desires to initially
transfer for sale or distribution such products containing radioactive material, should apply for a
specific license pursuant to 10 CFR 32.14, which license states that the product may be
distributed by the licensee to persons exempt from subparagraph (a) of this paragraph.

SUbparagraph (a) of Paragraph (3) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source
Material is amended by deleting the subparagraph and substituting the following so that, as amended,
subparagraph (a) shall read as follows:

(a) Except as provided in (c) through (e) of this paragraph, any person is exempt from these
regulations to the extent that such person receives, possesses, uses, transfers, owns, or acquires
radioactive material in individual quantities each of which does not exceed the applicable quantity
set forth in Schedule RHS 8-3.

Subparagraph (b) of Paragraph (3) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source
Material is amended by deleting the subparagraph and substituting the following so that, as amended,
sUbparagraph (b) shall read as follows:

(b) Any person who possesses radioactive material received or acquired before September 25,1971,
under the general license formerly provided in this Chapter is exempt from the requirements for a
license set forth in this Chapter to the extent that such person possesses, uses, transfers, or
owns such radioactive material.

Subparagraph (e) of Paragraph (3) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source
Material is amended by adding subparagraph (e) so that, as amended, subparagraph (e) shall read as follows:

(e) No person may, for purposes of producing an increased radiation level, combine quantities of
radioactive material covered by this exemption so that the aggregate quantity exceeds the limits
set forth in Schedule RHS 8-3 in the Appendix to this Chapter, except for radioactive material
combined within a device placed in use before May 3, 1999, or as otherwise permitted by the
regulations in this Chapter.

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

Part 1 of subparagraph (b) of paragraph (2) of Rule 1200-02-10-.10 General Licenses - Radioactive Material
Other Than Source Material is amended by deleting the part and substituting the following so that, as amended,
part 1 shall read as follows:

1. The general license in subparagraph (a) of this paragraph applies only to radioactive
material contained in devices that have been manufactured or initially transferred and
labeled in accordance with the specifications contained in:

(i) A specific license issued by the Division pursuant to Rule 1200-02-10-.13(5), or

(i1) A specific license issued by the U.S. Nuclear Regulatory Commission pursuant
to 10 CFR 32.51 or an Agreement State with provisions comparable to Rule
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1200-02-10-.13(5).

Subpart (ii) of Part 8 of SUbparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses 
Radioactive Material Other Than Source Material is amended by deleting the subpart, but not its items, and
substituting the following so that, as amended, subpart (ii), prior to its items, shall read as follows:

(ii) Shall within thirty (30) days after the transfer of a device to a specific licensee or
export, furnish a report to the Division. The report shall contain:

Subpart (iii) of Part 8 of Subparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses 
Radioactive Material Other Than Source Material is amended by deleting the subpart and substituting the
following so that, as amended, Subpart (iii) shall read as follows:

(iii) Shall obtain written Division approval before transferring the device to any other
specific licensee not specifically identified in subpart (i) of this part. However a
holder of a specific license may transfer a device for possession and use under
its own specific license without prior approval, if, the holder:

(I) Verifies that the specific license authorizes the possession and use, or
applies for and obtains an amendment to the license authorizing the
possession and use;

(II) Removes, alters, covers, or clearly and unambiguously augments the
existing label (otherwise required by part 1 of this sUbparagraph) so that
the device is labeled in compliance with Rule 1200-02-05-.113 of these
regulations; however the manufacturer, model number, and serial
number must be retained;

(III) Obtains manufacturer's or initial transferor's information concerning
maintenance that would be applicable under the specific license (such as
leak testing procedures); and

(IV) Reports the transfer under subpart (ii) of this part.

Part 14 of Subparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses - Radioactive Material
Other Than Source Material is amended by deleting the part and substituting the folloWing so that, as amended,
part 14 shall read as follows:

14. Shall be subject to the bankruptcy notification requirement in paragraph (7) of Rule 1200
02-10-.16 if holding devices containing radioactive material that meet the following
criteria, based on the activity indicated on the label:

(i) At least 10 mCi (370MBq) of cesium-137;

(ii) At least 0.1 mCi (3.7 MBq) of strontium-90;

(iii) At least 1 mCi (37 MBq) of cobalt-60;

(iv) At least 1 mCi (37 MBq) of americium-241 or any other transuranic (I.e., element
with atomic number greater than uranium (92)); or

(v) At least 0.1 mCi (37 MBq) of radium-226.

Rule 1200-02-10-.10 General Licenses - Radioactive Material Other Than Source Material is amended by adding
paragraph (8) so that, as amended, paragraph (8) shall read as follows:

(8) Self Luminous Products Containing Radium-226

(a) A general license is hereby issued to any person to acquire, receive, possess, use, or transfer, in
accordance with the provisions of subparagraphs (b) through (d) of this paragraph, radium-226
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contained in the following products manufactured prior to the effective date of these rules.

1. Antiquities originally intended for use by the general public. For the purposes of this
paragraph, antiquities mean products originally intended for use by the general public
and distributed in the late 19th and early 20th centuries, such as radium emanator jars,
revigators, radium water jars, radon generators, refrigerator cards, radium bath salts, and
healing pads.

2. Intact timepieces containing greater than 0.037 MBq (1 ~Ci), nonintact timepieces, and
timepiece hands and dials no longer installed in timepieces.

3. Luminous items installed in air, marine, or land vehicles.

4. All other luminous products provided that no more than 100 items are used or stored at
the same location at anyone time.

5. Small radium sources containing no more than 0.037 MBq (1 ~Ci) of radium-226. For the
purposes of this paragraph, "small radium sources" means discrete survey instrument
check sources, sources contained in radiation measuring instruments, sources used in
educational demonstrations (such as cloud chambers and spinthariscopes), electron
tubes, lightning rods, ionization sources, static eliminators, or as designated by the NRC.

(b) Persons who acquire, receive, possess, use, or transfer byproduct material under the general
license issued in subparagraph (a) of this paragraph are exempt from the provisions of Chapters
1200-02-04 and 1200-02-05, and Rule 1200-02-10-.26, to the extent that the receipt, possession,
use, or transfer of byproduct material is within the terms of the general license; provided,
however, that this exemption shall not be deemed to apply to any such person specifically
licensed under this Chapter.

(c) Any person who acquires, receives, possesses, uses, or transfers byproduct material in
accordance with the general license in subparagraph (a) of this paragraph shall:

1. Notify the Division should there be any indication of possible damage to the product so
that it appears it could result in a loss of the radioactive material (a report containing a
brief description of the event, and the remedial action taken, must be furnished to the
Division at the address listed in Rule 1200-02-04-.07 within thirty (30) days;

2. Not abandon products containing radium-226 (the product, and any radioactive material
from the product, may only be disposed of according to Rule 1200-02-05-.127 of these
regulations or by transfer to a person authorized by a specific license to receive the
radium-226 in the product or as otherwise approved by the NRC or an Agreement State;

3. Not export products containing radium-226 except in accordance with 10 CFR Part 110;

4. Dispose of products containing radium-226 at a disposal facility authorized to dispose of
radioactive 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, by transfer to a person authorized to receive radium-226 by a specific license
issued under this Chapter, or equivalent regulations of the NRC or an Agreement State,
or as otherwise approved by the NRC or an Agreement State; and

5. Respond to written requests from the Division to provide information relating to the
general license within thirty (30) calendar days of the date of the request, or other time
specified in the request. If the general licensee cannot provide the requested information
within the allotted time, it shall, within that same time period, request a longer period to
supply the information by providing the Division, by an appropriate method listed in 10
CFR 30.6(a), a written justification for the request.

(d) The general license in subparagraph (a) of this paragraph does not authorize the manufacture,
assembly, disassembly, repair, or import of products containing radium-226, except that
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timepieces may be disassembled and repaired.

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

Rule 1200-02-10-.11 Filing of Application for Specific Licenses is amended by deleting the Rule in its entirety and
substituting the following so that, as amended, Rule 1200-02-10-.11 shall read as follows:

1200-02-10-.11 Filing of Application for Specific Licenses.

(1) Application for specific licenses shall be filed in duplicate on a form prescribed by the Division.

(2) The Division may at any time after the filing of the original application, and before the expiration of the
license, require further statements in order to enable the Division to determine whether the application
should be granted or denied or whether a license should be modified or revoked.

(3) Each application shall be signed by the applicant or licensee or a person duly authorized to act for and on
his behalf.

(4) An application for a license may include a request for a license authorizing one or more activities.

(5) In his application, the applicant may incorporate by reference information contained in previous
applications, statements or reports filed with the Division provided such references are specific.

(6) Applications and documents submitted to the Division may be made available for public inspection except
that the Division may withhold any document or part thereof from public inspection if disclosure of its
contents involves proprietary information.

(7) An application for a specific license to use radioactive material in the form of a sealed source or in a
device that contains the sealed source shall either:

(a) Identify the source or device by manufacturer and model number as registered with the NRC
under 10 CFR 32.210 or with an Agreement State or for a source or a device containing radium
226 or accelerator-produced radioactive material with an Agreement State under provisions
comparable to 10 CFR 32.210; or

(b) Contain the information identified in 10 CFR 32.21O(c).

(c) For sources or devices containing naturally occurring or accelerator produced radioactive material
manufactured prior to November 30, 2007 that are not registered with the NRC under 10 CFR
32.210 or with an Agreement State, and for which the applicant is unable to provide all categories
of information specified in 10 CFR 32.210(c), the applicant must provide:

1. All available information identified in 10 CFR 32.210(c) concerning the source, and, if
applicable, the device; and

2. Sufficient additional information to demonstrate that there is reasonable assurance that
the radiation safety properties of the source or device are adequate to protect health and
minimize danger to life and property. Such information must include a description of the
source or device, a description of radiation safety features, the intended use and
associated operating experience, and the results of a recent leak test.

(8) An application from a medical facility, educational institution, or Federal facility to produce Positron
Emission Tomography (PET) radioactive drugs for noncommercial transfer to licensees in its consortium
authorized for medical use under Chapter 1200-02-07 or equivalent Agreement State requirements shall
include:

(a) A request for authorization for the production of PET radionuclides or evidence of an existing
license issued under this Chapter or Agreement State requirements for a PET radionuclide
production facility within its consortium from which it receives PET radionuclides;
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(b) Evidence that the applicant is qualified to produce radioactive drugs for medical use by meeting
one of the criteria in Rule 1200-02-10-.13(1 0)(a)2;

(c) Identification of individual(s) authorized to prepare the PET radioactive drugs if the applicant is a
pharmacy, and documentation that each individual meets the requirements of an authorized
nuclear pharmacist as specified in Rule 1200-02-10-.13(1 0)(b)2; and

(d) Information identified in Rule 1200-02-10-.13(10)(a)3 on the PET drugs to be noncommercially
transferred to members of its consortium.

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

Paragraph (10) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (10) shall read as follows:

(10) Manufacture, preparation or transfer for commercial distribution of radiopharmaceuticals containing
radioactive material for medical use.

(a) An application for a specific license to manufacture, prepare, or transfer for commercial
distribution radiopharmaceuticals containing radioactive material for use by persons authorized
pursuant to Chapter 1200-02-07 will be approved if:

1. The applicant satisfies the general requirements specified in Rule 1200-02-10-.12;

2. The applicant submits evidence that the applicant is at least one of the following:

(i) Registered or licensed with the U.S. Food and Drug Administration (FDA) as the
owner or operator of a drug establishment that engages in the manufacture,
preparation, propagation, compounding, or processing of a drug under 21 CFR
207.20(a);

(ii) Registered or licensed with a state agency as a drug manufacturer;

(iii) Licensed as a pharmacy by the Tennessee Board of Pharmacy;

(iv) Operating as a nuclear pharmacy within a Federal medical institution; or

(v) A Positron Emission Tomography (PET) drug production facility registered with a
state agency.

3. The applicant submits information on the radionuclide; chemical and physical form;
packaging including maximum activity per vial, syringe, generator or other container of
the radioactive drug; and shielding provided by the packaging of the radioactive material
for safe handling and storage of radiopharmaceuticals by medical use licensees; and

4. The applicant satisfies the following labeling requirements:

(i) A label is affixed to each transport radiation shield, whether it is constructed of
lead, glass, plastic or other material, of a radioactive drug to be transferred for
commercial distribution. The label shall include the radiation symbol and the
words "CAUTION, RADIOACTIVE MATERIAL" or "DANGER, RADIOACTIVE
MATERIAL"; the name of the radioactive drug or its abbreviation; and the
quantity of radioactivity at a specified date and time. For radioactive drugs with a
half-life greater than one hundred (100) days, the time may be omitted.

(ii) A label is affixed to each syringe, vial or other container used to hold a
radioactive drug to be transferred for commercial distribution. The label shall
include the radiation symbol and the words "CAUTION, RADIOACTIVE
MATERIAL" or "DANGER, RADIOACTIVE MATERIAL" and an identifier that
ensures that the syringe, vial or other container can be correlated with the
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information on the transport radiation shield label.

(b) A licensee described by subpart (a)2(iii) of this paragraph:

1. May prepare radiopharmaceuticals for medical use, as defined in Rule 1200-02-07-.05,
provided that the radiopharmaceuticals are prepared by either an authorized nuclear
pharmacist, as specified in parts 2 and 4 of this subparagraph, or an individual under the
supervision of an authorized nuclear pharmacist as specified in Rule 1200-02-07-.19.

2. May allow a pharmacist to work as an authorized nuclear pharmacist if:

(i) This individual qualifies as an authorized nuclear pharmacist as defined in Rule
1200-02-07-.05(4),

(ii) This individual meets the requirements specified in Rule 1200-02-07-.25(2) and
Rule 1200-02-07-.27, and the licensee has received an approved license
amendment identifying this individual as an authorized nuclear pharmacist; or

(iii) This individual is designated as an authorized nuclear pharmacist in accordance
with part 4 of this subparagraph.

3. The actions authorized in parts 1 and 2 of this subparagraph are permitted in spite of
more restrictive language in license conditions.

4. May designate a pharmacist (as defined in Rule 1200-02-07-.05(24)) as an authorized
nuclear pharmacist if:

(i) The individual was a nuclear pharmacist preparing only radioactive drugs
containing accelerator-produced radioactive material; and

(ii) The individual practiced at a pharmacy at a Government agency or Federally
recognized Indian Tribe before November 30, 2007 or at all other pharmacies
before August 8,2009, or an earlier date as noticed by the NRC.

5. Shall provide to the Division a copy of each individual's:

(i) Certification by a specialty board whose certification process has been
recognized by the Division, U.S. Nuclear Regulatory Commission or an
Agreement State as specified in Rule 1200-02-07-.25(1) with the written
attestation signed by a preceptor as required by Rule 1200-02-07-.25(2)(b); or

(ii) The Division, U.S. Nuclear Regulatory Commission or other Agreement State
license; or

(iii) NRC master materials licensee permit; or

(iv) The permit issued by a licensee or NRC master materials permittee of broad
scope or the authorization from a commercial nuclear pharmacy authorized to list
its own authorized nuclear pharmacist; or

(v) Documentation that only accelerator-produced radioactive materials were used in
the practice of nuclear pharmacy at a Government agency or Federally
recognized Indian Tribe before November 30, 2007 or at all other locations of use
before August 8, 2009, or an earlier date as noticed by the NRC; and

(vi) A copy of the state pharmacy licensure or registration, no later than 30 days after
the date that the licensee allows, the individual to work as an authorized nuclear
pharmacist under subparts 2(i) and (iii) of this subparagraph.

(c) A licensee shall possess and use instrumentation to measure the radioactivity of radioactive
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drugs. The licensee shall have procedures for use of the instrumentation. The licensee shall
measure by direct measurement or by combination of measurements and calculations, the
amount of radioactivity in dosages of alpha-, beta-, or photon-emitling radioactive drugs before
transfer for commercial distribution. In addition, the licensee shall:

1. Perform tests before initial use, periodically and following repair, on each instrument for
accuracy, linearity and geometry dependence, as appropriate for the use of the
instrument; and make adjustments when necessary; and

2. Check each instrument for constancy and proper operation at the beginning of each day
of use.

(d) Nothing in this rule relieves the licensee from complying with applicable FDA, other Federal and
State requirements governing radioactive drugs.

Paragraph (13) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (13) shall read as follows:

(13) Manufacture and distribution of radioactive material for certain in vitro clinical or laboratory testing under
general license. In addition to the requirements set forth in Rule 1200-02-10-.12, a specific license to
manufacture or distribute radioactive material for use under the general license of Rule 1200-02-10-.10(7)
will be issued only if:

(a) The radioactive material is to be prepared for distribution in prepackaged units of:

1. lodine-125 in units not exceeding 10 microcuries each.

2. lodine-131 in units not exceeding 10 microcuries each.

3. Carbon-14 in units not exceeding 10 microcuries each.

4. Hydrogen-3 (tritium) in units not exceeding 50 microcuries each.

5. Iron-59 in units not exceeding 20 microcuries each.

6. Cobalt-57 in units not exceeding 10 microcuries each.

7. Selenium-75 in units not exceeding 10 microcuries each.

8. Mock lodine-125 in units not exceeding 0.05 microcurie of iodine-129 and 0.005
microcurie of americium-241 each.

(b) Each prepackaged unit bears a durable, clearly visible label:

1. Identifying the radioactive contents as to chemical form and radionuclide, and indicating
that the amount of radioactivity does not exceed 10 microcuries of iodine-131, iodine-125,
cobalt-57, selenium-75, or carbon-14; 50 microcuries of hydrogen-3 (tritium); 20
microcuries of iron-59; or Mock lodine-125 in units not exceeding 0.05 microcurie of
iodine-129 and 0.005 microcurie of americium-241 each; and

2. Displaying the radiation caution symbol described in Rule 1200-02-05-.110 and the
words, "Caution, Radioactive Material" and "Not for Internal or External Use in Humans or
Animals."

(c) The following statement or a substantially similar statement which contains the information called
for in the following statement appears on a label affixed to each prepackaged unit or appears in a
leaflet or brochure which accompanies the package:

1. This radioactive material may be received, acquired, possessed and used only by
physicians, veterinarians in the practice of veterinary medicine, clinical laboratories or
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hospitals and only for in vitro clinical or laboratory tests not involving internal or external
administration of the material, or the radiation there from, to human beings or animals. Its
receipt, acquisition, possession, use and transfer are subject to the regulations and a
general license of the U.S. Nuclear Regulatory Commission or of a state with which the
Commission has entered into an agreement for the exercise of regulatory authority.

(Name of Manufacturer)

(d) The label affixed to the unit, or the leaflet or brochure which accompanies the package, contains
adequate information as to the precautions to be observed in handling and storing such
radioactive material. In the case of the Mock lodine-125 reference or calibration source, the
information accompanying the source must also contain directions to the licensee regarding the
waste disposal requirements set out in Rule 1200-02-05-.120.

Paragraph (15) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and sUbstituting the following so that, as amended, paragraph (15) shall read as follows:

(15) Incorporation of naturally occurring and accelerator-produced radioactive material into gas and aerosol
detectors. An application for a specific license authorizing the incorporation of NARM into gas and aerosol
detectors to be distributed to persons exempt under Rule 1200-02-10-.04(2)(a)9 wifl be approved if the
application satisfies requirements equivalent to those contained in Section 32.26 of 10 CFR Part 32. The
maximum quantity of radium-226 in each device shall not exceed 0.1 microcurie.

Paragraph (16) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (16) shall read as follows:

(16) Special requirements for License to Manufacture or initially transfer calibration sources containing
americium-241, plutonium or radium-226 for distribution to persons generally licensed under Rule 1200
02-10-.10(4).

(a) An application for a specific license to manufacture or initially transfer calibration or reference
sources containing americium-241, plutonium, or radium-226 for distribution to persons generally
licensed under Rule 1200-02-10-.10(4) will be approved if:

1. The applicant satisfies the general requirement of Rule 1200-02-10-.12; and

2. The applicant submits sufficient information regarding each type of calibration or
reference source pertinent to evaluation of the potential radiation exposure, including:

(i) Chemical and physical form and maximum quantity of americium 241, plutonium
or radium-226 in the source;

(ii) Details of construction and design;

(iii) Details of the method of incorporation and binding of the americium-241,
plutonium or radium-226 in the source;

(iv) Procedures for and results of prototype testing of sources, which are designed to
contain more than 185 Bq (0.005 ~Ci) of americium-241, plutonium or radium
226, to demonstrate that the americium-241, plutonium or radium-226 contained
in each source will not be released or be removed from the source under normal
conditions of use;

(v) Details of quality control procedures to be followed in manufacture of the source;

(vi) Description of labeling to be affixed to the source or the storage container for the
source; and
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(vii) Any additional information, including experimental studies and tests, required by
the Division to facilitate a determination of the safety of the source.

3. Each source will contain no more than 185 kBq (5 !JCi) of americium-241, plutonium or
radium-226.

4. The Division determines, with respect to any type of source containing more than 185 Bq
(0.005 !JCi) of americium-241, plutonium or radium-226, that:

(i) The method of incorporation and binding of the americium-241, plutonium or
radium-226 in the source is such that the americium-241, plutonium or radium
226 will not be released or be removed from the source under normal conditions
of use and handling of the source; and

(ii) The source has been subjected to and has satisfactorily passed the prototype
tests prescribed by sUbparagraph (b) of this paragraph.

(b) Schedule C- prototype tests for calibration or reference sources containing americium-241,
plutonium or radium-226. An applicant for a license pursuant to sUbparagraph (a) of this
paragraph shall conduct prototype tests for any type of source which is designed to contain more
than 185 Bq (0.005 !JCi) of americium-241, plutonium or radium-226, in the order listed, on each
of five prototypes of such source, which contains more than 185 Bq (0.005 !JCi) of americium
241, plutonium or radium-226, as follows:

1. Initial measurement. The quantity of radioactive material deposited on the source shall be
measured by direct counting of the source.

2. Dry wipe test. The entire radioactive surface of the source shall be wiped with filter paper
with the application of moderate finger pressure. Removal of radioactive material from the
source shall be determined by measuring the radioactivity on the filter paper or by direct
measurement of the radioactivity on the source following the dry wipe.

3. Wet wipe test. The entire radioactive surface of the source shall be wiped with filter
paper, moistened with water, with the application of moderate finger pressure. Removal
of radioactive material from the source shall be determined by measuring the radioactivity
on the filter paper after it has dried or by direct measurement of the radioactivity on the
source following the wet wipe.

4. Water soak test. The source shall be immersed in water at room temperature for a period
of twenty four (24) consecutive hours. The source shall then be removed from the water.
Removal of radioactive material from the source shall be determined by direct
measurement of the radioactivity on the source after it has dried or by measuring the
radioactivity in the residue obtained by evaporation of the water in which the source was
immersed.

5. Dry wipe test. On completion of the preceding test in part 4 of this subparagraph, the dry
wipe test described in part 2 of this subparagraph shall be repeated.

6. Observations. Removal of more than 185 Bq (0.005 !JCi) of radioactivity in any test
prescribed by this subparagraph shall be cause for rejection of the source design.
Results of prototype tests submitted to the Division shall be given in terms of radioactivity
in microcuries and percent of removal from the total amount of radioactive material
deposited on the source.

(c) Labeling of devices. Each person licensed under SUbparagraph (a) of this paragraph shall affix to
each source, or storage container for the source, a label which shall contain sufficient information
relative to safe use and storage of the source and shall include the following statement or a
substantially similar statement which contains the information called for in the following
statement:

72



The receipt, possession, use and transfer of this source, Model_, Serial No. _,
are subject to a general license and the regulations of the NRC or an

Agreement State. Do not remove this label.

CAUTION--RADIOACTIVE MATERIAL--
THIS SOURCE CONTAINS AMERICIUM-241 [PLUTONIUM OR RADIUM-226].

DO NOT TOUCH RADIOACTIVE PORTION OF THIS SOURCE.

Name of manufacturer or initial transferor

(d) Leak testing of each source. Each person licensed under subparagraph (a) of this paragraph
shall perform a dry wipe test upon each source containing more fhan 3.7 kBq (0.1 ~Ci) of
americium-241, plutonium or radium 226 prior to transferring the source to a general licensee
under Rule 1200-02-10-.10(4). This test shall be performed by wiping the entire radioactive
surface of the source with a filter paper with the application of moderate finger pressure. The
radioactivity on the paper shall be measured by using radiation detection instrumentation capable
of detecting 185 Bq (0.005 ~Ci) of americium-241, plutonium, or radium-226. If any such test
discloses more than 185 Bq (0.005 ~Ci) of radioactive material, the source shall be deemed to be
leaking or losing americium-241, plutonium or radium-226 and shall not be transferred to a
general licensee under Rule 1200-02-10-.10(4) or equivalent regulations of the NRC or an
Agreement State.

Table 7-2 of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by deleting
the table in its entirety and substituting the following so that, as amended, Table 7-2 will read as follows:

Table RHS 7-2 Quantities of radioactive materials requiring consideration of the need for an emergency plan for
responding to a release.

Radioactive material 1 Release Quantity Radioactive material 1 Release Quantity
fraction (curies) fraction (curies)

Actinium-228 0.001 4,000 Hafnium-181 0.01 7,000
Americium·241 0.001 2 Holmium-166m 0.01 100
Americium-242 0.001 2 Hydrogen-3 0.5 20,000
Americium-243 0.001 2 lodine-125 0.5 10
Antimony-124 0.01 4,000 lodine-131 0.5 10
Antimony-126 0.01 6,000 Indium-114m 0.01 1,000
Barium-133 0.01 10,000 Iridium-192 0.001 40,000
Barium-140 0.01 30,000 Iron-55 0.01 40,000
Bismuth-207 0.01 5,000 Iron-59 0.01 7,000
Bismuth-210 0.01 600 Krypton'85 1.0 6,000,000
Cadmium-lOg 0.01 1,000 Lead-21a 0.01 8
Cadmium-113 0.01 80 Manganese-56 0.01 60,000
Calcium·45 0.01 20,000 Mercury-203 0.01 10,000
Californium-252 0.001 9 (20 mg) Molybdenum-99 0.01 30,000
Carbon-14 0.01 50,000 Neptunium-237 0.001 2
Cerium-141 0.01 10,000 Nickel-53 0.01 20,000
Cerium-144 0.01 300 Niobium-94 0.01 300
Cesium-134 0.01 2,000 Phosphorus-32 0.5 100
Cesium-137 0.01 3,000 Phosphorus-33 0.5 1,000
Chlorine-36 0.5 100 Polonium-210 0.01 10
Chromium-51 0.01 300,000 Potassium-42 0.01 9,000
Cobalt-60 0.001 5,000 Promethium-145 0.01 4,000
Copper-64 0.01 200,000 Promethium-147 0.01 4,000
Curium-242 0.001 60 Radium-226 0.001 100
Curium-243 0.001 3 Ruthenium-106 0.01 200
Curium-244 0.001 4 Samarium-151 0.01 4,000
Curium-245 0.001 2 Scandium-46 0.01 3,000
Europium-152 0.01 500 Selenium-75 0.01 10,000
Europium-154 0.01 400 Silver-110m 0.01 1,000
Europium-155 0.01 3,000 Sodium-22 0.01 9,000
Germanium-68 0.01 2,000 Sodium-24 0.01 10,000
Gadolinium-153 0.01 5,000 Strontium-89 0.01 3,000
Gold-198 0.01 30,000 Strontium-90 0.01 90
Hafnium-172 0.01 400
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Sulfur~3S 0.5 900 Zirconium-93 0.01 400
Technetium-99 0.01 10,000 Zirconium-9S 0.01 5,000
Technetium-99m 0.01 400,000 Any other beta-gamma emitter 0.01 10,000
Tellurium-127m 0.01 5,000 Mixed fission products 0.01 1,000
Tellurium-129m 0.01 5,000 Mixed corrosion products 0.01 10,000
Terbium-160 0.01 4,000 Contaminated equipment beta-gammaO.001 10,000
ThuHum-170 0.01 4,000 Irradiated material, any form other than
Tin-113 0.01 10,000 solid noncombustible 0.01 1,000
Tin-123 0.01 3,000 Irradiated material, solid noncombustibleO.OO1 10,000
Tin-126 0.01 1,000 Mixed radioactive waste, beta-gammaO.01 1,000
Titanium-44 0.01 100 Packaged mixed waste, beta-gamma2O.OO1 10,000
Vanadium-48 0.01 7,000 Any other alpha emitter 0.001 2
Xenon-133 1.0 900,000 Contaminated equipment, alpha 0.0001 20
Yttrium-91 0.01 2,000 Packaged waste, alpha2 0.0001 20
Zinc-6S 0.01 5,000 Combinations of radioactive materials listed above 1

For combinations of radioactive materials, consideration of the need for an emergency plan is required if the sum of the ratios of the
quantity of each radioactive material authorized to the quantity listed for that material in Table RHS 7-2 exceeds one.
Waste packaged in Type B containers does not require an emergency plan.
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Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

Rule 1200-02-10-.16 Specific Terms and Conditions of Licenses is amended by deleting the Rule in its entirety
and substituting the following so that, as amended, Rule 1200-02-10-.16 shall read as follows:

(1) Each license issued pursuant to this Chapter shall be subject to all provisions of the Act, now or hereafter
in effect, and to all rules, regulations, and orders of the Division.

(2) Neither the license nor any right under the license shall be assigned or otherwise transferred in violation
of the provisions of the Act.

(3) Each person licensed by the Division pursuant to this Chapter shall confine has use and possession of
the material licensed to the locations and purposes authorized in the license.

(4) Each licensee authorized under Rule 1200-02-10-.13(5) to distribute certain devices to generally licensed
persons shall:

(a) Report to the Division within thirty (30) days after the end of each calendar quarter all transfers of
such devices to persons generally licensed under Rule 1200-02-10-.10(2) or, if no transfers have
been made during the reporting period, the report shall so indicate. For all transfers the report
shall identify each general licensee by name and address, an individual by name and/or position
who may constitute a point of contact between the Division and the general licensee, the type and
model number of device transferred and the quantity and type of radioactive material contained in
the device; and

(b) Furnish to each general licensee in this State to whom he transfers such device a copy of the
general license contained in Rule 1200-02-10-.10(2).

(5) Each specific licensee shall notify the Division in writing when the licensee decides to permanently
discontinue all activities involving radioactive materials authorized under the license.

(6) Each licensee preparing technetium-99m radiopharmaceuticals from molybdenum-99/technetium-99m
generators or rubidium-82 from strontium-82/rubidium-82 generators shall test the generator eluates for
molybdenum-99 breakthrough or strontium-82 and strontium-85 contamination, respectively, in
accordance with Rule 1200-02-07-.41. The licensee shall record the results of each test and retain each
record for three (3) years after the record is made.

(7) Each specific licensee and each general licensee meeting the criteria of Rule 1200-02-10-.10(2)(c)14
shall:

(a) Provide the Division written notification, at the address in Rule 1200-02-04-.07, immediately
following the filing of a voluntary or involuntary petition for bankruptcy under any Chapter of Title
11 (Bankruptcy) of the United States Code (U.S.C.):

1. By or against the licensee;

2. By or against an entity (as that term is defined in 11 U.S.C. 101 (14)) controlling the
licensee or listing the license or licensee as property of the estate; or

3. By or against an affiliate (as that term is defined in 11 U.S.C. 101 (2)) of the licensee;

(b) Include in the notification required in subparagraph (a) of this paragraph the bankruptcy court in
which the petition for bankruptcy was filed; and

(c) Include in the notification required in subparagraph (a) of this paragraph the date of the filing of
the petition.
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(8) When temporary job-sites are authorized on a specific license, radioactive material may be used at
temporary job-sites, in areas not under exclusive federal jurisdiction, throughout the State of Tennessee.

(9) Each portable gauge licensee shall use a minimum of two independent physical controls that form
tangible barriers to secure portable gauges from unauthorized removal, whenever portabie gauges are
not under the control and constant surveillance of the licensee.

(10) (a) Authorization under Rule 1200-02-10-.11(8) to produce Positron Emission Tomography (PET)
radioactive drugs for noncommercial transfer to medical use licensees in its consortium does not
relieve the licensee from complying with applicable FDA, other Federal, and Agreement State
requirements governing radioactive drugs.

(b) Each licensee authorized under Rule 1200-02-10-.11 (8) to produce PET radioactive drugs for
noncommercial transfer to medical use licensees in its consortium shall:

1. Satisfy the labeling requirements in Rule 1200-02-10-.13(1 0)(a)4 for each PET
radioactive drug transport radiation shieid and each syringe, vial, or other container used
to hold a PET radioactive drug intended for noncommercial distribution to members of its
consortium; and

2. Possess and use instrumentation to measure the radioactivity of the PET radioactive
drugs intended for noncommercial distribution to members of its consortium and meet the
procedural, radioactivity measurement, instrument test, instrument check, and instrument
adjustment requirements in Rule 1200-02-10-.13(1 O)(c).

(c) A licensee that is a pharmacy authorized under Rule 1200-02-10-.11(8) to produce PET
radioactive drugs for noncommercial transfer to medical use licensees in its consortium shall
require that any individual that prepares PET radioactive drugs shall be:

1. An authorized nuclear pharmacist that meets the requirements in Rule 1200-02-10
.13(10)(b)2, or

2. An individual under the supervision of an authorized nuclear pharmacist as specified in
Rule 1200-02-07-.19.

(d) A pharmacy, authorized under Rule 1200-02-10-.11 (8) to produce PET radioactive drugs for
noncommercial transfer to medical use licensees in its consortium that allows an individual to
work as an authorized nuclear pharmacist, shall meet the requirements of Rule 1200-02-10
.13(10)(b)5.

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

Rule 1200-02-10-.29 Reciprocal Recognition of Licenses is amended by adding paragraphs (4) and (5) to read as
follows:

(4) Before radioactive materials can be used at a temporary job site within the State at any Federal facility,
the jurisdictional status of the job site shall be determined. If the jurisdictional status is unknown, the
Federal agency should be contacted to determine if the job site is under exclusive Federal jurisdiction.

(a) In areas of exclusive Federal jurisdiction, the general license is subject to all the applicable rules,
regulations, orders and fees of the NRC, and

(b) Authorizations for use of radioactive materials at job sites under exclusive Federal jurisdiction
shall be obtained from the NRC by either:

1. Filing a NRC Form-241 in accordance with 10 CFR 150.20(b); or

2. By applying for a specific NRC license.
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(5) Before radioactive material can be used at a temporary job site in another State, authorization shall be
obtained for the State if it is an Agreement State, or from the NRC for any non-Agreement State, either by
filing for reciprocity or applying for a specific license.

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

Chapter 1200-02-11
Licensing Requirements for Land Disposal of Radioactive Waste

Amendments

Subparagraph (c) of paragraph (1) of Rule 1200-02-11-.14 Transfer of License is amended by adding the words ",
required by Rule 1200-02-11-.19(1)(e) and (f)," between the words "care" and "will" so that, as amended,
subparagraph (c) shall read as follows:

(c) That any funds and necessary records for care, required by Rules 1200-02-11-.19(1 )(e) and (f),
will be transferred to the disposal site owner;

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

Comment:

Response:

Comment:

Response:

Comment:

Response:

Comment:

Response:

Comments:

Response:

Comments:

Response:

Does the amended Rule 1200-02-05-.50(3) preserve the calculations as approved by the state
concerning specials, heart cath, etc.?

Yes, the amended rule will allow licensees or registrants to substitute "effective dose equivalent
(EDEt for "deep-dose equivalent (DDE)" for external exposures. .

Rule 1200-02-05-.142(2)(a) should be eliminated or changed to 500 mrem/5 rem.

The Department must adopt Rule 1200-02-05-.142 to stay compatible with the NRC.

You have defined "cyclotron" as a device that operates over 10 MeV. Most commercial cyclotrons
operated for PET radiopharmaceutical production are able to operate at higher-than-needed 11
MeV for historical reasons. Some new lower energy (7.5 MeV) ones being developed are
adequate energy, but physically much smaller, and aimed at medical institutions who desire to
produce their own for onsite use. You may want to reconsider the energy limit in your definition.

The Department agrees. The definition of cyclotron will be changed to "a particle accelerator in
which the charged particles travel in an outward spiral or circular path. A cyclotron accelerates
charged particles and is commonly used for production of short half-life radionuclides for medical
or veterinary use."

The definition of accelerator in Rule 1200-02-09-.03 differs from the new definition of particle
accelerator in Rule 1200-02-04-.04.

The definition of particle accelerator in Rule 1200-02-04-.04 will be amended to be identical to the
definition of accelerator in Rule 1200-02-09-.03.

The citations at the end of Part 2 and Part 3 of Rule 1200-02-07-.48(1)(c) should be separated by
"or" instead of "and".

The Department agrees.

In SUbparagraph (16)(a) of Rule 1200-02-10-.13, the "and" between "calibration" and "reference"
should be changed to "or".

The Department agrees.
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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.C.A.
§ 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)

Chapters 1200-02-04, 1200-02-05, 1200-02-07, 1200-02-10, and 1200-02-11 are being amended so they will
substantially codify 10 CFR Parts 19, 20, 30, 31, 32, 33, 35, 61, and 150 of the regulations of the Nuclear
Regulatory Commission ("NRC"). These amendments are consistent with the NRC approved state suggested
regulations.
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Impact on Local Governments

Pursuant to T.CA 4-5-220 and 4-5-228 "any rule 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(i)(1}.

(A) A brief summary of the rule and a description of an relevant changes in previous regulations effectuated by
such rule;

Chapters 1200-02-04, 1200-02-05, 1200-02-07, 1200-02-10 and 1200-02-11 are being amended so that they
will substantially codify 10 CFR Parts 19, 20, 30, 31, 32, 33, 35, 61, and 150 of the Nuclear Regulatory
Commission's ("NRC") Regulations. These amendments are consistent with the NRC's approved suggested
state regulations. Its various additions and modifications will incorporate:

a. Security requirements for portable gauges;

b. Changes in reporting requirements for licensees distributing radioactive material to persons exempt
from licensing and the modification of transferring general licenses;

c. Expanding the definition of byproduct material to include discrete sources of radium-226, accelerator
produced radioactive material, and discrete sources of naturally occurring radioactive material as
required by the Energy Policy Act of 2005;

d. Provide a regulatory framework for licensing and regulating aforementioned byproduct material;

e. Revising rules related to occupational dose records; and

~ Authorized user clarification for medical use of radioactive material.

(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;

I These rules are promulgated under the authorities of T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

(C) Identification of persons, organizations, corporations or governmental entities most directly affected by this
rule, and whether those persons, organizations, corporations or governmental entities urge adoption or
rejection of this rule;

~
11 licensees and registrants will be affected by these amendments. Comments from these entities did not

contain any major rejection of the proposed rules but did contain suggested changes in the proposed language
or sought additional clarification. The U.S. Nuclear Regulatory Commission's changes to 10 CFR and the
adoption by Tennessee and other Agreement States of compatible changes represent the implementation of
national standards.

._--------~

{D) Identification of any opinions of the attorney general and reporter or any judicial ruling that directly relates to
the rule;

!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 'There should be no increase of decrease in state or local government revenues-orexpendilureSreS1Jlting-Yroml
I the-.2!.2mulgation of !hes~mendm~f}ts. .~_.. . ~,,_.~~_.__._, . ... __ ... _..__J

(F) Identification of the appropriate agency representaHve or representatives, p~ssE)ssing substantial knmvledge
and und(;~rst8nding of the rule;
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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

Office of General Counsel
Tennessee Department of Environment and Conservation
20 'h Floor L & C Tower
Nashville, Tennessee 37243-1548
(615) 532-0131
Alan. Leisersonlfiltn .nov

(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 1200-02-04
General Provisions

Amendments

Subparagraph (b) of Paragraph (1) of Rule 1200-02-04-.04 Definitions is amended by deleting the subparagraph
and substituting the following so that, as amended, SUbparagraph (b) shall read as follows:



(b) 'Accelerator-produced radioactive material' means any material made radioactive by aR a particle
accelerator.

Subparagraph (000) of Paragraph (1) of Rule 1200-02-04-.04 Definitions is amended by deleting the
subparagraph and sUbstituting the following so that, as amended, subparagraph (000) shall read as follows:

(000) 'Waste' means those low-ievel radioactive wastes containing FaGioaslive malefials source, special
nuclear, or byproduct material that are acceptable for disposal at a land disposal facility. For the
purposes of this definition, low-level waste is radioactive waste not classified as high-level
radioactive waste, transuranic waste, spent nuclear fuel or byproduct material as defined in
SeslioR 11 e.m of ltle Nomis ERef!lY Asl (YfaRiym Qf ItlQfiym lailiR!lS aRG wasle) subparagraphs
(11 )(b), (11 )(c), and (11)(d) of Rule 1200-02-05-.32.

Paragraph (1) of Rule 1200-02-04-.04 Definitions is amended by adding new subparagraphs (hhhh) through UiiD
so that subparagraphs (hhhh) through UiiD shall read as follows:

(hhhh) 'Consortium' means an association of medical use licensees and a PET radionuclide production
facility in the same geographical area that jointly own or share in the operation and maintenance
cost of the PET radionuclide production facility that produces PET radionuclides for use in
producing radioactive drugs within the consortium for noncommercial distributions among its
associated members for medical use. The PET radionuclide production facility within the
consortium must be located at an educational institution or a Federal facility or a medical facility.

(iiii) 'Cyclotron' means a particle accelerator in which the charged particles travel in an outward spiral
or circular path. A cyclotron accelerates charged particles and is commonly used for production of
short half-life radionuclides for medical or veterinary use.

UiiD 'Discrete source' means a radionuclide that has been processed so that its concentration within a
malerial has been purposely increased for use for commercial, medical, or research activities.

(kkkk) 'Particle accelerator' means any device used to impact kinetic energy to electrically charged
particles including but not limited to electrons, protons, deuterons, and helium ions. For the
purpose of these regulations "accelerator" includes equipment designed for and used only for the
production of x-rays of 0.9 MeV or greater and equipment capable of discharging nuclear
particles into a medium external to the accelerating device. For purposes of this definition,
"accelerator" is an equivalent term.

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

Chapter 1200-02-05
Standards for Protection Against Radiation

Amendments

Paragraph (11) of Rule 1200-02-05-.32 Definitions is amended by deleting the paragraph and substituting the
following so that, as amended, paragraph (11) shall read as follows:

(11) Byproduct material fefefSIQ 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
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2. Any material that-

(i) Has been made radioactive by use of a particle accelerator; and

(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.

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

Paragraph (3) of Rule 1200-02-05-.50 Occupational Dose Limits for Adults is amended by deleting the paragraph
and substituting the following so that, as amended, paragraph (3) shall read as follows:

(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
cm ~2 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 limils. 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,

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

Subparagraph (d) of paragraph (1) of Rule 1200-02-05-.120 General Disposal Requirements is amended by
deleting the subparagraph and substituting the following so that, as amended, subparagraph (d) shall read as
follows:

(d) As authorized under Rule 1200-02-05-.121, 1200-02-05-.122, 1200-02-05-,123, Of 1200-02-05
.124 or 1200-02-05-.127.

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

Rule 1200-02-05-,125 Transfer for Disposal and Manifests is amended by adding paragraph (5) to the rule to read
as follows:

(5) Any licensee shipping byproduct material as defined in subparagraphs (c) and (d) of the definition of
Byproduct material set forth in Rule 1200-02-05-.32(11) intended for ultimate disposal at a land
disposal facility licensed under Chapter 1200-02-11 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.

Paragraph (2) of Rule 1200-02-05-,142 Reports to Individuals of Exposure to Radiation is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (2) shall read as follows:

(2) Each licensee or registrant, at tRe req~est ef aRy werker, sRall aevise S~GR wsrker aRR~ally sf IRe
wsrker's ex~es~re Ie se~rGes ef raeiatieR as sRswR iR reGeres fRaiRtaiRee ~y tRe IIGeRSee er registraRt
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!lllfSllaAlle Rille 12000205.135. shall make dose information available to workers as shown in records
maintained by the licensee or registrant under the provisions of Rule 1200-02-05-.135. The licensee shall
provide an annual report to each individual monitored under Rule 1200-02-05-.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 annuai dose report.

Paragraph (4) of Rule 1200-02-05-.142 Reports to Individuals of Exposure to Radiation is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (4) shall read as follows:

(4) When a licensee or registrant is required under Rule 1200-02-05-.141, 1200-02-05-.143, or 1200-02-05
.144 to report to the Division any exposure of an iQeAli~eQ essll!lalieRally eX!leseQ individual _
iQeRlilieQ memllef ef IRe !lllillis Ie sellfses ef 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.

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

Schedule RHS 8-30 of Rule 1200-02-05-.161 Schedules is amended by deleting the table and substituting the
following so that, as amended, Schedule RHS 8-30 shall read as follows:

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 vaiue. 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 0 if less than 10 days, for W
from 10 to 100 days, and for Y greater than 100 days. The ciass (0, W, or Y) given in the coiumn headed
"Class" applies oniy 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-' or 0.06, 6E+2 represents 6 x 10' or 600, and 6E+0 represents 6 x 100 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

5



the total risk of stochastic effects wh.en the whole body is irradiated uniformly. The values of WT are listed
under the definition of weighting factor in 1200-02-05-.32. The non-stochastic ALis were derived to avoid
non-stochastic effects, such as prompt damage to tissue or reduction in organ function.

A vaiue 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 acceptabiy 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 (ALl ns) that contribute to the committed
dose equivalent to the organ receiving the highest dose does not exceed unity, that is, ~ (intake [in /lCil of
each radionuclide/ALlns) ,; 1.0. If there is an external deep dose equivalent contribution of Hd, then this
sum must be less than 1 - (HoI50), 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 ~ :..:A=L=-I.ceCil:..:,=Jl=C-,,;)'---'--C"7-,---,-
(2000 hI'S / working yl' X 60 min/hr X 2 x 10 4 m/ I min)

AU .
..,-::c.:.:....,7

9
pCilml

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
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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 1200-02-05-.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 1200-02-05-.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
three 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 two 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 two 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 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"
7



The monthly average concentrations for release to sanitary sewerage are applicable to the provisions in
1200-02-05-.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).

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
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium

. Xenon
Ytterbium
Yttrium
Zinc
Zirconium

Name
Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Bromine
Cadmium
Calcium
Californium
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

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

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
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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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Table I Table II Table III

Occupalional Values Effluent Concentrations Releases to
Sewers

Atomic RadJonuclide Class Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monlhly
No.

Oral Inhalation Average

Ingestion DAC
Air Water Concen-

ALI (~CI) (~C~ml) (~C~ml) trationALI (~Ci) (~C~ml) {uCilmlJ
1 Hydrogen-3 Waler, DAC 8E+4 8E+4 2E-5 1E-? 1E-3 1E-2

includes skin
absorolion
Gas (HT or T2) Submersion: Use above values as HT and T2 oxidize in air and in the bod to HTO.

4 Beryllium-7 W, all compounds 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
except those given
lor Y
y, oxides, halides, - 2E+4 6E-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
(1E+3)

Y,see Be 1E+1 6E-9 2E-11 - -
6 Carbon-11' Monoxide - 1E+6 5E-4 2E-6 - -

Dioxide - 6E+5 3E-4 9E-? - -
Compounds 4E+5 4E+5 2E-4 6E-? 6E-3 6E-2

6 Carbon-14 Monoxide - 2E+6 ?E-4 2E-6 - -
Dioxide - 2E+5 9E-5 3E-? - -
Compounds 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4

7 Nltrogen·13' Submersk>n1 - 4E-6 2E-8
8 Oxygen-152 Submerslon 1 4E-6 2E-8
9 Fluorine-18 0, fluorides of H, 5E+4 ?E+4 3E-5 1E-? - -

Li, Na, K, Rb, Cs, Siwall - - - ?E-4 ?E-3
and Fr (5E+4)
W, fluorides of Be, - 9E+4 4E-5 1E-? - -
M9, Ca, Sr, Ba,
Ra, AI, Ga, In, TI,
As, Sb, Bi, Fe, Ru,
Os, Co, Ni, Pd, PI,
Cu, Ag, Au, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, V, Nb, Ta, Mn,
Te, and Re
Y, lanthanum - BE+4 3E-5 1E-? - -
fluoride

11 Sodium-22 0, all compounds 4E+2 6E+2 3E-? 9E-10 6E-6 6E-5
11 Sodium~24 0, all compounds 4E+3 5E+3 2E-6 ?E-9 5E-5 5E-4
12 Magnesium-2B 0, all compounds ?E+2 2E+3 ?E-? 2E-9 9E-6 9E-5

except those given
10rW
W, oxides, - 1E+3 5E-? 2E-9 - -
hydroxides,
carbides, halides,
and nitrates

13 Aluminum·26 0, 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 0, 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
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Table I Table II Table III

Occupational Value~ Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Class Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monlhly
No. Inhalation Average

Oral Air Water Concen·Ingestion
ALI (~Ci)

DAC
(~CYml) (~CYml) trationALI (~Ci) M::Yml) (uCl/mll

Y, aluminosilicate - 3E+4 IE-5 4E-8 - -
glass

14 Silicon·32 D, see '''Si 2E+3 2E+2 IE-7 3E-10 - -
LLI wall - - - 4E-5 4E-4
f3E+3)

W, see "lSi - IE+2 5E-8 2E-10 - -
Y, see .:l'Si - 5E+O 2E-9 7E-12 - -

15 Phosphorus-32 D, all compounds 6E+2 9E+2 4E-7 1E-9 9E-6 9E-5
except phosphates
aivan forW
W. phosphates 01 - 4E+2 2E-7 5E-1O - -
Zn2+, 83+, Mg2+,

Fe3
+, 8i3+, and

lanthanides
15 Phosphorus-33 D, see "'P 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4

W, see "''''p - 3E+3 IE-6 4E-9 - -

16 Sullur-35 VaDar - IE+4 6E-6 2E-8 - -
D, sulfides and 1E+4 2E+4 7E-6 2E-8 - -
sulfates except LLI wall - - - IE-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, Ag,
Au, Zn, Cd, Hg, W, - 2E+3 9E-7 3E-9 - -
and Mo. Sulfates
of Ca, Sr, 8a, Ra,
As, Sb, and Bi

17 Chlorine-36 D, chlorides of H, 2E+3 2E+3 IE-6 3E-9 2E-5 2E-4
Li. Na, K, Rb, Cs,
and Fr
W, chlorides of - 2E+2 IE-7 3E-10 - -
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, Zn,
Cd, Hg, Sc, Y, Ti,
Zr, HI, V, Nb, Ta,
Cr, Mo, W, Mn, Tc,
and Re

17 Chlorine-38 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 - -
18 Argon-37 Submersion - - IE+O 6E-3 - -
18 Argon-39 Submersion - - 2E-4 8E-7 - -
18 Argon-41 Submersion - - 3E-6 1E-8 - -
19 Potassium-40 0, all comoounds 3E+2 4E+2 2E-7 6E-10 4E-6 4E-5
19 Potassium·42 D, all comoounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Potassium·43 D, all com ounds 6E+3 9E+3 4E-6 IE-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 D, all compounds 3E+4 IE+5 5E-5 2E-7 - -
Stwall - - - 7E-4 7E-3
(5E+4)
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Tablelvalues.
Table II

Table III

!=ff1uent.Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2 Monlhly
No. Inhalation AverageOral Air Water Concen~Ingestion DAC

(~CUml) (~CUml) tration
-. ALI (lJCi) (~CUml) (/lCi/ml)

20 Calcium·41 W, all compounds 3E+3 4E+3 2E-6 - - -
Bone surf Bone surf - 5E-9 6E-5 6E-4

(4E+3l (4E+3l
20 Calcium-45 W, all com Qunds 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calciurn-47 W, all compounds 8E+2 9E+2 4E-7 1E-9 1E-5 1E-4
21 Scandium-43 Y, all compounds 7E+3 2E+4 9E-6 3E·8 1E·4 1E-3
21 Scandium·44rn 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 V, all compounds 9E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 1E-6 4E-9 - -

LLI wall - - - 4E-5 4E-4
(3E+3l

21 Scandium-48 Y, all compounds 8E+2 1E+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-11 4E-6 4E-5
except those given
forW and Y
W, oxides, - 3E+1 1E·8 4E-11 - -
hydroxides,
carbides, halides,
and nitrates
Y, SrTi03 - 6E+0 2E-9 8E-12 - -

22 Titanium-45 D,see Ti 9E+3 3E+4 1E-5 3E-8 1E-4 1E-3

W,see Ti - 4E+4 1E-5 5E-8 - -
Y, see 'f'fTi - 3E+4 1E-5 4E-8 - -

23 Vanadium-47' 0, all compounds 3E+4 8E+4 3E-5 1E-7 - -
except those given Slwall - - - 4E-4 4E-3
forW (3E+4)
W, oxides, - 1E+5 4E-5 1E-7 - -
hydroxides,
carbides, and
halides

23 Vanadium·48 0, see "'V 6E+2 1E+3 5E-7 2E-9 9E-6 9E-5

W,see V - 6E+2 3E-7 9E-10 - -
23 VanadiumA9 0, see <!IV 7E+4 3E+4 1E-5 - - -

LLI wall Bone surf - 5E-8 1E-3 1E-2
(9E+4) (3E+4l

W,see V - 2E+4 8E-6 2E-8 - -

24 Chromium·48 0, all compounds 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
except those given
forW and Y
W, halides and - 7E+3 3E-6 1E·8 - -
nitrates
Y, oxides and - 7E+3 3E-6 1E·8 - -
hydroxides

24 Chromium·49'" O,see Cr 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3

W,see Cr - 1E+5 4E-5 1E-7 - -
Y, see'l°Cr - 9E+4 4E-5 1E-7 - -

24 Chromium·51 0, see "oCr 4E+4 5E+4 2E-5 6E-8 5E-4 5E-3

W,see Cr - 2E+4 1E-5 3E-8 - -
Y, see <H:lCr - 2E+4 8E·6 3E-8 - -

25 Manganese·51 L. 0, 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- 0, see Mn 3E+4 9E+4 4E-5 1E-7 - -
52m Stwall - - - 5E·4 5E-3

(4E+4l

W, see "'Mn - 1E+5 4E-5 1E-7 - -
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Tabl~llvalue~ Table II Table III

Effluent ConCentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 Co/.3 Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion PAC
Concan·
lration

ALI (~Ci) (~CUml) (/lCi/mll
25 Manganese-52 D, see -liMn 7E+2 1E+3 5E-7 2E-9 1E-5 1E-4

W, see "'Mn - 9E+2 4E-7 1E-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 "'Mn - 1E+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 1E-9 - -
25 Manganese-56 D, see 'lIMn 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see "'Mn - 2E+4 9E-6 3E·8 - -
26 Iron-52 D, all compounds 9E+2 3E+3 1E-6 4E-9 1E-5 1E-4

except those given
lorW
W, oxides, - 2E+3 1E-6 3E-9 - -
hydroxides, and
halides

26 iron-55 D, see ot:Fe 9E+3 2E+3 8E-7 3E-9 1E-4 1E-3

W,see Fe - 4E+3 2E-6 6E-9 - -
26 Iron-59 D, see ~LFe 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4

W, see o,(Fe - 5E+2 2E-7 7E-10 - -
26 Iron-60 0, see Fe 3E+1 6E+O 3E-9 9E-12 4E-7 4E-6

W, see OLFe - 2E+1 8E-9 3E-11 - -
27 Cobalt-55 W, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

except those given
lor Y
Y, oxides, - 3E+3 1E·6 4E-9 - -
hydroxides,
halides, and
nitrates

27 Cobaii-56 W, see ""Co 5E+2 3E+2 1E-7 4E-10 6E-6 6E-5

Y,see Co 4E+2 2E+2 8E-8 3E-10 - -
27 Cobalt-57 W, see ~Co 8E+3 3E+3 1E-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 1E-7 8E-4 8E-3

y, see Co - 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 1E+3 7E+2 3E-7 1E-9 - -
27 Cobalt-60m< W,see Co 1E+6 4E+6 2E-3 6E-6 - -

Stwali - - - 2E-2 2E-1
(1E+6)

Y, see =eo - 3E+6 1E-3 4E-6 - -

27 Cobait-60 W,see Co 5E+2 2E+2 7E-8 2E-10 3E-6 3E-5

Y, see Co 2E+2 3E+1 1E-8 5E-11 - -
27 Cobalt-61" W, see o:)Co 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3

Y, see ""'Co 2E+4 6E+4 2E-5 8E-8 - -

27 Cobalt-62m W,see Co 4E+4 2E+5 7E-5 2E-7 - -
Stwall - - - 7E-4 7E-3
(5E+4)

Y,see Co - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compounds 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4

except those given
10rW
W, oxides, - 1E+3 5E-7 2E-9 - -
hydroxides, and
carbides
Vapor - 1E+3 5E-7 2E-9 - -

28 Nickel-57 D, see NI 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4

W, see ooNi - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
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.. Tablellvalues
Table II Table III

EffluentConcent(~tions
Releases to

Sewers
Atomic poAi, ,IiAo Col. 1 Col.2> I> Col. 3 Col.1 Col. 2 Mont~/y

No.
Oral Inhalation Average

In~estion
C()lJcen~

i(pc;),j,1)
IrationAP (pCI) (/lCi/mlj

28 Nickel-59 Df see Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3

W,see~Nj - 7E+3 3E-6 lE-8 - -
Vapor - 2E+3 8E-7 3E-9 - -

28 Nickel-63 0, see =Ni 9E+3 2E+3 7E-7 2E-9 lE-4 lE-3

W,see Ni 3E+3 lE-6 4E-9 - -
Vapor - 8E+2 3E-7 lE-9 - -

28 Nickel-65 D, see tlt>Ni 8E+3 2E+4 lE-5 3E-8 lE-4 lE-3

W, see ooNi - 3E+4 lE-5 4E-8 - -
Vapor - 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 Ni - 6E+2 3E-7 9E-l0 - -
Vapor - 3E+3 1E-6 4E-9 - -

29 Copper-60 D, all compounds 3E+4 9E+4 4E-5 lE-7 - -
except those given Slwall - - - 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
W, see bUCU - 4E+4 2E-5 6E-8 - -
Y, see ouCu - 4E+4 lE-5 5E-8 - -

29 Copper-64 0, see :>\leu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3

W, see Cu - 2E+4 1E-5 3E-8 - -
Y, see tiUCu - 2E+4 9E-6 3E-8 - -

29 Copper-67 0, see ovCu 5E+3 8E+3 3E-6 lE-8 6E-5 6E-4

W,see Cu - 5E+3 2E-6 7E-9 - -

Y,see Cu - 5E+3 2E-6 6E-9 - -

30 Zinc-52 Y, all compounds lE+3 3E+3 lE-6 4E-9 2E-5 2E-4
30 Zinc-63' Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -

Slwall - - - 3E-4 3E-3
(3E+4)

30 Zinc-65 Y, all compounds 4E+2 3E+2 lE-7 4E-l0 5E-6 5E-5
30 Zinc-69m V, all comoounds 4E+3 7E+3 3E-6 lE-8 6E-5 6E-4
30 Zinc-69L Y, all compounds 6E+4 lE+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all cornoounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, all com ounds lE+3 lE+3 5E-7 2E-9 lE-5 1E-4
31 Gallium-55 D, all compounds 5E+4 2E+5 7E-5 2E-7 - -

except those given Slwall - - - 9E-4 9E-3
forW 16E+4\
W, oxides, - 2E+5 8E-5 3E-7 - -
hydroxides,
carbides, halides,
and nitrates

31 Gallium-66 D, see Ga lE+3 4E+3 lE-6 5E-9 lE-5 lE-4

W,see Ga - 3E+3 lE-6 4E-9 - -
31 Gallium-67 D, see bt>Ga 7E+3 lE+4 6E-6 2E-8 1E-4 lE-3

W, see ooGa - lE+4 4E-6 1E-8 - -
31 Gallium-68< 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 \)~Ga 5E+4 2E+5 7E-5 2E-7 - -

Slwall - - - lE-3 1E-2
(7E+4)

W,see Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D, see \)~Ga lE+3 4E+3 lE-6 5E-9 2E-5 2E-4

W, see );)Ga - 3E+3 lE-6 4E-9 - -
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T~I>I~J T~bloll
T~blo III

1M Effluent ConcentralioIls Relea.ses to
Sewers

D ..A'. A"A. Co/.J Col. 2 Co/.3 Col.1 Co/.2 Monlhly

Or~1
Ayeral10

Ingestion Concen-

ALI (~Ci) i@::Vml) traUon
(I1CVmlj

31 Gallium-73 D, see tiOGa 5E+3 2E+4 6E-6 2E-6 7E-5 7E-4
W, see ObGa - 2E+4 6E-6 2E-8 - -

32 Germanium-56 D, 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-57;! D, see bOGe 3E+4 9E+4 4E-5 lE-7 - -
Slwall - - - 6E-4 6E-3
(4E+4)

W, see ooGe - 1E+5 4E-5 lE-7 - -
32 Germanium-58 0, see bbGe 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4

W, see OI: Ge - lE+2 4E-8 1E-10 - -
32 Germanium-59 0, see Go 1E+4 2E+4 6E-6 2E-8 2E-4 2E-3

W, see OtiGe - 8E+3 3E-6 1E-8 - -
32 Germanium-71 0, see bOGe 5E+5 4E+5 2E-4 6E-7 7E-3 7E-2

W, see otGe - 4E+4 2E-5 6E-8 - -
32 Germanium-75 D, see Go 4E+4 8E+4 3E-5 1E-7 - -

~twall - - - 9E-4 9E-3
7E+4)

W, see coGe - 8E+4 4E-5 1E-7 - -
32 Germanium-?? D,see Go 9E+3 1E+4 4E-6 1E-8 1E-4 1E-3

W,seebbGe - 6E+3 2E-6 8E-9 - -
32 Germanium-782 0, see bt:iGe 2E+4 2E+4 9E-6 3E-8 - -

Slwall - - - 3E-4 3E-3
(2E+4)

W, see bOGe - 2E+4 9E-6 3E-8 - -

33 Arsenic-59' W, all compounds 3E+4 1E+5 5E-5 2E-7 - -
~IW~~ - - - 6E-4 6E-3
4E+4

33 Arsenic-lO' W, all compounds 1E+4 5E+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W, all comnounds 4E+3 5E+3 2E-6 6E-9 5E-5 5E-4
33 Arsenic-72 W, all com Qunds 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 lE-4 lE-3
33 Arsenic-74 W, all comoounds 1E+3 8E+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic-76 W, all compounds 1E+3 lE+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic~77 W, all compounds 4E+3 5E+3 2E-6 7E-9 - -

~~I wall - - - 6E-5 6E-4
5E+3)

33 Arsenic-78 W, all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
34 Selenium-70 0, 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~ 0, see (USe 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3
W, see IUSe 3E+4 lE+5 6E-5 2E-7 - -

34 Selenium~73 0, see So 3E+3 lE+4 5E-6 2E-8 4E-5 4E-4
W, see IUSe - 2E+4 7E-6 2E-8 - -

34 Selenium-75 0, see IUSe 5E+2 7E+2 3E-7 1E-9 7E-6 7E-5

W,see So - 6E+2 3E-7 8E-1O - -
34 Selenium-79 0, see So 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5

W, see IUSe - 6E+2 2E-7 8E-10 - -
34 Selenium-81m' 0, see So 4E+4 7E+4 3E-5 9E-8 3E-4 3E-3

W,see So 2E+4 7E+4 3E-5 1E-7 - -
34 Selenium-81 Osee IUSe 6E+4 2E+5 9E-5 3E-7 - -
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iabJellvalJe$
TabJeU Table III

Effluent Concentrations Releases to
Sewers

CoLI Col. 2 I • Col. 3 Col. 1 COl. 2 Monthly

Oral .4verCige
Ingestion Concen·
ALI (~CjJ J~cY01lr ttalioilJ

(fJCilml
Stwall - - - 1E-3 1E-2
(BE+4)

W,see Se - 2E+5 1E-4 3E-7 - -
34 Selenium-83 0, see fUSe 4E+4 1E+5 5E-5 2E-7 4E-4 4E-3

W, see fUSe 3E+4 1E+5 5E-5 2E-7 - -
35 Bromine-74mL. D, bromides of H, 1E+4 4E+4 2E-5 5E-8 - -

Li. Na, K, Rb, Cs, Stw~: - - - 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, as,
Co, Rh, Ir, Ni, Pd,
Pt. Cu. Ag, Au. Zn,
Cd, Hg, Sc, Y, Ti,
Zr, HI, V, Nb, Ta,
Mn, Te, and Re

35 Bromine-74L 0, see m
Br 2E+4 7E+4 3E-5 1E-7 - -

~t wai~ - - - 5E-4 5E-3
4E+4

W,see m
Br - 8E+4 4E-5 1E-7 - -

35 Bromine-75L. 0, see mBr 3E+4 5E+4 2E-5 7E-8 - -
Stwall - - - 5E-4 5E-3
14E+4\

W,see mBr - 5E+4 2E-5 7E-B - -

35 Bromine-76 0, see I' mSr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4

W,see m
Br - 4E+3 2E-6 6E-9 - -

35 Bromine-?? 0, see {. mSr 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3

W,see m
Br - 2E+4 8E-6 3E-B - -

35 Bromine-80m D, see m
Br 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3

W,see m
Br - 1E+4 6E-6 2E-8 - -

35 Bromine-80L D, see I' mSr 5E+4 2E+5 8E-5 3E-7 - -
Stwall - - - 1E-3 1E-2
19E+4\

W, see m
Br - 2E+5 9E-5 3E-7 - -

35 Bromine-82 0, see ,. mSr 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W,ses m
Br - 4E+3 2E-6 5E-9 - -

35 Bromine-83 D, see mBr 5E+4 6E+4 3E-5 9E-8 - -
~t wai~ - - - 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 - -
~t wai~ - - - 4E-4 4E-3
3E+4

W, see ,'mSr - 6E+4 3E-5 9E-8 - -

36 Krvpton-74 Submersion - - 3E-6 1E-B - -
36 Krypton-76 Submersion - - 9E-6 4E-8 - -
36 Krvpton-77' Submersion - - 4E-6 2E-8 - -

36 Krypton-79 Submersion - - 2E-5 7E-8 - -
36 Krypton-B1 Submersion - - 7E-4 3E-6 - -

36 Krvpton-B3m' Submersion - - 1E-2 5E-5 - -
36 Kryplon-85m Submersion - - 2E-5 1E-7 - -
36 Krypton-B5 Submersion - - 1E-4 7E-7 - -
36 Krvpton-87' Submersion - - 5E-6 2E-8 - -
36 Krypton-88 Submersion - - 2E-6 9E-9 - -

37 Rubidjum~79 0, all compounds 4E+4 1E+5 5E-5 2E-7 - -
Stwall - - - 8E-4 8E-3
(6E+4)
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.Table Table II
Table III

Effluent Concentrations Releases to
Sewers

.0.."" -"", Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monlhly

Oral
Average

Ingestion Concan-
ALI(~Ci) (~15vml)

lration
(/lCilmQ

37 Rubidium-81 mL 0, all compounds 2E+5 3E+5 1E-4 5E-7 - -

SIW~: - - - 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 0, all comoQunds 6E+2 1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium-84 0, all compounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-B6 0, all compounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-87 0, all comoounds 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 - -

Slwail - - - 4E-4 4E-3
13E+4)

37 Rubidium-89'" 0, all compounds 4E+4 1E+5 6E-5 2E-7 - -
~twail - - - 9E-4 9E-3
6E+4)

38 Strontium-BO": D, ail soluble 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
compounds except
SrTi03

V, all insoluble - 1E+4 5E-6 2E-8 - -
compounds and
SrTi03

38 Strontium-81 L 0, see ouSr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3

Y,seeOl.Sr 2E+4 8E+4 3E-5 1E-7 - -

38 Strontium-82 D, see Sr 3E+2 4E+2 2E-7 6E-10 - -
LLI wail - - - 3E-6 3E-5
(2E+2)

Y, see ouSr 2E+2 9E+1 4E-8 1E-10 - -

38 Strontium-83 0, see Sr 3E+3 7E+3 3E-6 1E-8 3E-5 3E-4

V, see Sr 2E+3 4E+3 1E-6 5E-9 - -
38 Strontium-85m 0, see truSr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2

V, see OI. Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, see Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4

Y, see tlUSr - 2E+3 6E-7 2E-9 - -
38 Strontium-87m 0, see OIJSr 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3

Y,seeOl.Sr 4E+4 2E+5 6E-5 2E-7 - -

38 Strontium-89 D, see Sf 6E+2 8E+2 4E-7 1E-9 - -
LLI wall - - - 8E-6 8E-5
(6E+2)

Y,see Sr 5E+2 1E+2 6E-8 2E-10 - -
38 Strontium·90 D, see tsUSr 3E+1 2E+1 8E-9 - - -

Bone surf Bone surf - 3E-tt 5E-7 5E-6
(4E+I) (2E+1)

Y, see bUSr - 4E+0 2E-9 6E-12 - -
38 Strontium-91 D, see t}uSr 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 1E-8 4E-5 4E-4

Y, see tsUSr - 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
Y, oxides and - 5E+4 2E-5 8E-8 - -
hYdroxides

39 Yttrium-86 W, see OOlTly 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4

Y, see="y - 3E+3 1E-6 5E-9 - -
39 Yttrium-8? W,see Y 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4

Y, see llbffiy - 3E+3 1E-6 5E-9 - -

39 Yttrium·88 W, see oorny 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 Y 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3

Y, see llbffiy - 1E+4 5E-6 2E-8 - -
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Table Table II Table III

Effluent Concentrations Releases
Sewers

Atomic Radionuclide Co/.t Col. 2 ICo/.3 Col.t Col. 2 Monthly
No.

Oral Inhalation Average
Ingestion PAC

Concan-
I~;~lionAll (~Ci) (~CVl)11) 'C ..,

Citm!)
39 Yttrium~90 W,see Y 4E+2 7E+2 3E-7 9E-10 - -

~~I w~~1 - - - 7E-6 7E-5
5E+2

Y. see my - 6E+2 3E-7 9E-10 - -
39 Yttrium-91 mL W, see tlbmy 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2

Y, see~Y - 2E+5 7E-5 2E-7 - -
39 Yttrium-91 W,see Y 5E+2 2E+2 7E-8 2E-10 - -

LU W~~I - - - 8E-6 8E-5
(6E+2

Y, see ~Y - 1E+2 5E-8 2E-10 - -
39 Yttrium-92 W,see my 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4

V, see l:)Offiy - 8E+3 3E-6 1E-8 - -
39 Yttrium-93 W,see~Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y, see Y - 2E+3 1E-6 3E-9 - -
39 Yttrium-94" W, see l:AATIy 2E+4 8E+4 3E-5 1E-7 - -

~t wai~ - - - 4E-4 4E-3
3E+4

Y, see Y - 8E+4 3E-5 1E-7 - -
39 Yttrium-95 W, see ""my 4E+4 2E+5 6E-5 2E-7 - -

~t wai~ - - - 7E-4 7E-3
5E+4

Y, see Y - 1E+5 6E-5 2E-7 - -
40 Zirconium-86 D, all compounds 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

except those given
forW and Y
W, oxides, - 3E+3 1E-6 4E-9 - -
hydroxides,
haHdes, and
nitrates
Y, carbide - 2E+3 1E-6 3E-9 - -

40 Zirconium-B8 D, see tsOZr 4E+3 2E+2 9E-8 3E-10 5E-5 5E-4

W,see Zr - 5E+2 2E-7 7E-10 - -
Y,see Zr - 3E+2 1E-7 4E-10 - -

40 Zirconium-89 D, see tltiZr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see ooZr - 2E+3 1E-6 3E-9 - -

Y, see Zr - 2E+3 1E-6 3E-9 - -

40 Zirconium-93 0, see I.SOZr 1E+3 6E+0 3E-9 - - -
B~ne ;~rf B~ne ~~rf - 2E-11 4E-5 4E-4

3E+3 2E+1
W, see Zr - 2E+1 1E-8 - - -

- Bone surf - 9E-11 - -
(6E+1)

Y, see Zr - 6E+1 2E-8 - - -
- B~ne ~~rf - 9E-11 - -

7E+1
40 Zirconium-95 D, see ooZr 1E+3 1E+2 5E-8 - 2E-5 2E-4

- Bone surf - 4E-10 - -
(3E+2)

W, see tlOZr - 4E+2 2E-7 5E-1O - -
Y, see ooZr - 3E+2 1E-7 4E-10 - -

40 Zirconium-97 D, see Zr 6E+2 2E+3 8E-7 3E-9 9E·6 9E-5

W,see Zr - 1E+3 6E-7 2E-9 - .
Y, see tlOZr . 1E+3 5E-7 2E-9 - -

41 Niobium-B8.! W, all compounds 5E+4 2E+5 9E-5 3E-7 - -
except those given St wa;~ - - - 1E-3 1E-2
(orY (7E+4
Y, oxides and - 2E+5 9E-5 3E-7 - -
hvdroxides

41 Niobium·59:.! W, see ""Nb 1E+4 4E+4 2E-5 6E-8 1E-4 1E-3
(66 min) Y, see ""Nb - 4E+4 2E-5 5E-8 - -
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iT~~leJ Table II Table III
,.,.

",~I\(alue. I;ffiuent Concentrations Rel~a,ses to
Sewers

Atomic ColA Col. 2 Col.3 Col.t Col. 2 Mon/llly
No.

Oral Ave",ge

Ingestion Concen-

AU(~Ci) (~(:V~I) /ralio~)
(/lCVml

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 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 Nb 9E+3 2E+3 BE-7 3E-9 - -

LUwall . - - 2E-4 2E-3
(1E+4\

Y, see Nb - 2E+2 7E·B 2E-10 - -
41 Niabium-94 W,see Nb 9E+2 2E+2 BE-B 3E-10 1E-5 1E-4

Y, see ""Nb . 2E+1 6E-9 2E-11 · -
41 Niobium-95m W, see ""Nb 2E+3 3E+3 1E-6 4E-9 - -

LUW~;I . - - 3E-5 3E-4
(2E+3

Y, see ""Nb - 2E+3 9E-7 3E-9 · -
41 Niobium-95 W, see ""Nb 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4

Y, see Nb - 1E+3 5E-7 2E-9 · -
41 Niobium-96 W,see Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y, see ""Nb - 2E+3 1E-6 3E-9 - -

41 Niobium-9T' W, see ""Nb 2E+4 BE+4 3E-5 1E-7 3E-4 3E-3

Y, see Nb - 7E+4 3E-5 1E-7 - -
41 Niobium-98 W, see ""Nb 1E+4 5E+4 2E-5 BE-8 2E-4 2E-3

Y, see ""Nb - 5E+4 2E-5 7E-B - -
42 Molybdenum- D, all compounds 4E+3 7E+3 3E-6 1E-B 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 w Mo 9E+3 2E+4 7E-6 2E-B 6E-5 6E-4
93m Y, see Mo 4E+3 1E+4 6E-6 2E-B - -

42 Molybdenum- 0, see w Mo 4E+3 5E+3 2E-6 BE-9 5E-5 5E-4
93 Y, see w Mo 2E+4 2E+2 BE-8 2E-10 - -

42 Molybdenum- D, see Mo 2E+3 3E+3 1E-6 4E-9 - -
99 wwall - - - 2E-5 2E-4

1E+3)
Y, see w Mo 1E+3 1E+3 6E-7 2E-9 - -

42 Mol~bdenum- D, see t«.Mo 4E+4 1E+5 BE-5 2E-7 - -
101 ~twall - - - 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 D, 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- D, seetl~c 2E+4 4E+4 2E-5 6E-B 3E-4 3E-3

94m
2

W,see "Tc - 6E+4 2E-5 BE-B - -
43 Technetium·94 D, see \:I;,s~c 9E+3 2E+4 BE-6 3E-B 1E-4 1E-3

W, see """Tc - 2E+4 1E-5 3E-B - -
43 Technetium- D, see "''Tc 4E+3 5E+3 2E-6 BE-9 5E-5 5E-4

95m W,see 'Tc - 2E+3 BE-7 3E-9 - -
43 Technetium·95 D, see """Tc 1E+4 2E+4 9E-6 3E-B 1E-4 1E-3

W, see "''Tc - 2E+4 BE-6 3E·B - -
43 Technetium- D, see "Tc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2

96m
2

W, see """Tc - 2E+5 1E-4 3E-7 - -
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••••
T~ble.l T~blell

T~ble III

Y~lues Effluent Concentrations Releases to
Sewers

Atomic "' 001.1 001.21<001. .3 001.1 001.2 Monlhly
No.

Or~1
AV'erage

Ingestion Concen~

1I1I (~Oi) iNp;l~I) il~rtionOilml)
43 Technetium-96 0, see ~.~nTc 2E+3 3E+3 lE-6 5E-9 3E-5 3E-4

W,see 'Tc - 2E+3 9E-? 3E-9 - -
43 Technetium- D,see ''Tc 5E+3 ?E+3 3E-6 - 6E-5 6E-4

9?m - StW~1I - lE-8 - -
I?E + 3\

W,see 'Tc - 1E+3 5E-? 2E-9 - -

43 Technetium-97 0, see Tc 4E+4 5E+4 2E-5 ?E-8 5E-4 5E-3

W, see ""'Tc - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D, see "''Tc 1E+3 2E+3 ?E-? 2E-9 1E-5 1E-4

W, see 'Tc - 3E+2 1E-? 4E-l0 - -
43 Technetium- D, see '-rc 8E+4 2E+5 6E-5 2E-? 1E-3 1E-2

99m W, see '-rc - 2E+5 1E-4 3E-? - -
43 Technetium-99 0, see '~''Tc 4E+3 5E+3 2E-6 - 6E-5 6E-4

-
~tw~~ - 8E-9 - -
6E+3

W,seetl~c - ?E+2 3E-? 9E-l0 - -
43 Technetium- Dt see "'Tc 9E+4 3E+5 lE-4 5E-? - -

101' St w~~~ - - - 2E-3 2E-2
(1E+5

W, see ""'Tc - 4E+5 2E-4 5E-? - -
43 Technetium- D, see ''Tc 2E+4 ?E+4 3E-5 lE-? - -

104' Stw~1I - - - 4E-4 4E-3
13E+4l

W, see ''''Tc - 9E+4 4E-5 1E-? - -

44 Ruthenium-g4~ 0, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
except those given
forWandY
W, halides - 6E+4 3E-5 9E-8 - -
Y, 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 tI~Ru - lE+4 5E-6 2E-8 - -
Y, see ::I'IRu - lE+4 5E-6 2E-8 - -

44 Ruthenium-103 0, see Ru 2E+3 2E+3 ?E-? 2E-9 3E-5 3E-4
W, see ~Ru - 1E+3 4E-? lE-9 - -
Y, see ':1'IRu - 6E+2 3E-? 9E-10 - -

44 Ruthenium-105 0, see Ru 5E+3 1E+4 6E-6 2E-8 ?E-5 ?E-4

W,see Ru - 1E+4 6E-6 2E-8 - -
Y, see '<J4Ru - 1E+4 5E-6 2E-8 - -

44 Ruthenium-106 0, see tl-'Ru 2E+2 9E+1 4E-8 1E-10 - -
LLI wall - - - 3E-6 3E-5
(2E+2\

W, see \J4Ru - 5E+1 2E-8 8E-l1 - -
Y, see -Ru - 1E+1 5E-9 2E-l1 - -

45 Rhodium-99m 0, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
except those given
forWandY
W, halides - 8E+4 3E-5 lE-? - -
Y, oxides and - ?E+4 3E-5 9E-8 - -
hvdroxides

45 Rhodium-99 D, see Rh 2E+3 3E+3 lE-6 4E-9 3E-5 3E-4
W, see ~mRh - 2E+3 9E-? 3E-9 - -

Y, see .m"Rh - 2E+3 8E-? 3E-9 - -
45 Rhodium-l00 D, see Rh 2E+3 5E+3 2E-6 ?E-9 2E-5 2E-4

W, see wmRh - 4E+3 2E-6 6E-9 - -

Y, see~Rh - 4E+3 2E-6 5E-9 - -
45 Rhodium-101m D, see m

Rh 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4

W,see m
Rh - 8E+3 4E-6 1E-8 - -

Y, see wmRh - 8E+3 3E-6 1E-8 - -
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iTabl"{V~14es. Tabl~ II Table 111
Releases toEffluent Concentrations Sewers

Atomic Radionuclide Col. 1 ~ Co/. 3 Col. 1 Co/.2 Monthly
No. Oral AI/Brage

Ingestion ; ....... -,;
(;pflcenc

ALI(~Ci) (@V';'I) (~rUo~JCVml
45 Rhodium-l0l D, see~Rh 2E+3 5E+2 2E-7 7E-l0 3E-5 3E·4

W, see mRh - 8E+2 3E-7 lE-9 - -
Y, see Rh - 2E+2 6E-8 2E-l0 - -

45 Rhodium-102m D,see~Rh lE+3 5E+2 2E-7 7E-l0 - -
LLI wall - - - 2E-5 2E-4
(1 E+3)

W,seewmRh - 4E+2 2E-7 5E-l0 - -
Y, see~Rh - lE+2 5E·8 2E-l0 - -

45 Rhodium-l02 0, see Rh 6E+2 9E+l 4E-8 lE-l0 8E·6 8E-5

W,see mRh - 2E+2 7E-8 2E-l0 - -
Y, see wmRh - 6E+l 2E-8 8E-ll - -

45 Rhodium- 0, see \f;;;rnRh 4E+5 lE+6 5E·4 2E·6 6E-3 6E-2
103m' W,see Rh - lE+6 5E-4 2E-6 - -

Y, see~Rh - lE+6 5E·4 2E-6 - -

45 Rhodium-l05 0, see wmRh 4E+3 1E+4 5E·6 2E-8 - -
~il W~~I - - - 5E-5 5E-4
4E+3

W, see wmRh - 6E+3 3E-6 9E-9 -

Y, see :NmRh - 6E+3 2E·6 8E-9 - -
45 Rhodium-106m D, see Rh 8E+3 3E+4 lE-5 4E-8 lE-4 lE-3

W, see wmRh - 4E+4 2E-5 5E·8 - -
Y, see wrnRh - 4E+4 1E-5 5E-8 - -

45 Rhodium-l07" 0, see tn:ffiRh 7E+4 2E+5 lE·4 3E-7 - -

~IW~: - - - lE-3 1E-2
9E+4

W, see wmRh - 3E+5 lE-4 4E-7 - -
Y, see wmRh - 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
forW and Y
W, nitrates - lE+3 5E-7 2E-9 - -
Y, oxides and - lE+3 6E-7 2E-9 - -
hYdroxides

46 Palladium-l0l D, see Pd 1E+4 3E+4 lE-5 5E-8 2E-4 2E-3
W, see H"'Pd - 3E+4 lE-5 5E-8 - -
Y, see ,wpd - 3E+4 lE-5 4E-8 - -

46 Palladium-103 D,see Pd 6E+3 6E+3 3E-6 9E-9 - -
LLI wall - - - lE-4 lE-3
(7E+3)

W,see Pd - 4E+3 2E·6 6E-9 - -

Y, see Pd - 4E+3 lE-6 5E-9 - -
46 Palladium-l07 D, see H"'Pd 3E+4 2E+4 9E-6 - - -

LLI wall Kidneys - 3E-8 5E-4 5E-3
14E+4\ 12E+,h

W, see 1UUPd - 7E+3 3E·6 lE-8 - -
Y, see ,wpd - 4E+2 2E-7 6E-l0 - -

46 Palladium-l09 D, see wc Pd 2E+3 6E+3 3E·6 9E-9 3E-5 3E-4

W,see Pd - 5E+3 2E·6 8E-9 - -

Y, see 1WPd - 5E+3 2E·6 6E-9 - -

47 Silver-10i~ D, all compounds 5E+4 2E+5 8E-5 2E-7 - -
except those given Slwall - - - 9E-4 9E-3
forW and Y 16E+4\
W, nitrates and - 2E+5 9E-5 3E-7 - -
sulfides
Y, oxides and - 2E+5 8E-5 3E-7 - -
hydroxides

47 Sliver-l03" D, see "'An 4E+4 lE+5 4E-5 lE-7 5E-4 5E-3

W,see Ag - lE+5 5E-5 2E-7 - -
y, see Ag - lE+5 5E-5 2E-7 - -
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"~blel. Table II
Table III....

I yal4es Effluent Concentrations Releases to
Sewers

Atomic ~.",. -""- CoL1 CoL 2 Col. 3 Col.1 Cn/2 Monthly
No.

Oral Inhalation AV13rage

Ingestion OAC
Concen~

iration
ALI(~Ci) (~CUml) (/lCi/mlJ

47 Silver-104m' 0, see lULAg 3E+4 9E+4 4E-5 1E-7 4E-4 4E-3

W,see Ag - 1E+5 5E-5 2E-7 - -
Y, see 1u<Aa - 1E+5 5E-5 2E-7 - -

47 Silver-104' 0, see w'An 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3

W,see Ag - 1E+5 6E-5 2E-7 - -
Y, see Ag - 1E+5 6E-5 2E-7 - -

47 Silver-iD5 0, see 1U'Ag 3E+3 1E+3 4E-7 1E-9 4E-5 4E-4

W, see'V'Ag - 2E+3 7E-7 2E-9 - -
Y, see Aa - 2E+3 7E-7 2E-9 - -

47 Silver~106m 0, see Hr'Ag 8E+2 7E+2 3E-7 1E-9 1E-5 1E-4
W, see w'An - 9E+2 4E-7 1E-9 - -
Y, see "Ag - 9E+2 4E-7 1E-9 - -

47 Silver-iDa D, see Ag 6E+4 2E+5 8E-5 3E-7 - -
~I W~~I - - - 9E-4 9E-3
6E+4

W, see mAg - 2E+5 9E-5 3E-7 - -
Y, see Ag - 2E+5 8E-5 3E-7 - -

47 Silver-108m 0, see w<Ag 6E+2 2E+2 8E·8 3E-10 9E-6 9E-5

W, see W'Ag - 3E+2 1E-7 4E-10 - -
Y, see 'V'Ag - 2E+1 1E-8 3E-11 - -

47 Silver-110m 0, see Aa 5E+2 1E+2 5E-8 2E-10 6E-6 6E-5

W, see w'Aa - 2E+2 8E-8 3E-10 - -
Y, see lULAg - 9E+1 4E-8 1E-10 - -

47 Sliver-iii 0, see Ag 9E+2 2E+3 6E-7 - - -
III wall Liver - 2E-9 2E-5 2E-4
(1E+3) (2E+3)

W, see ,v'Aa - 9E+2 4E-7 1E-9 - -
Y, see Ag - 9E+2 4E-7 1E-9 - -

47 Silver-112 D, see 1u'An 3E+3 8E+3 3E-6 1E-8 4E-5 4E·4

W,see Ag - 1E+4 4E-6 1E-8 - -
Y,see Ag - 9E+3 4E-6 1E-8 - -

47 Silver-115L D, see 1U'Ag 3E+4 9E+4 4E-5 1E-7 - -
Stwall - - - 4E-4 4E-3
13E+4)

W, see 1u'Aa - 9E+4 4E-5 1E-7 - -

Y, see W'Ag - 8E+4 3E-5 1E-7 - -

48 Cadmium-104
L D, all compounds 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3

except those given
forW and Y
W, sulfides, - 1E+5 5E-5 2E-7 - -
halides, and
nitrates
y, oxides and - 1E+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 1U4Cd - 5E+4 2E-5 7E-8 - -

48 Cadmium-109 0, see llJllCd 3E+2 4E+1 1E-8 - - -
Kidneys Kidneys - 7E-11 6E-6 6E-5
(4E+2) (5E+1)

W, see ''''Cd - 1E+2 5E-8 - - -
- Kidneys - 2E-10 - -

I1E+2\
Y, see lU4Cd - 1E+2 5E-8 2E-10 - -

48 Cadmium·113m 0, see 'U4Cd 2E+1 2E+O 1E-9 - - -
~~dneys ~~dneys - 5E-12 5E-7 5E-6
4E+1) 4E+0)

W see 'U4Cd - 8E+0 4E-9 - - -
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\Table Table II
Table III

EffluentConcentratioIls Releases to
Sewers

Radionuclide Col. 1 d"~/? I Co/.3 Col. 1 Col. 2 Monthly

Oral Inhalation Average

Ingestion Concan-

ALI (~Ci) (~C¥~I) 'C .., ,:'.atio~1/lCi/ml
- Kidneys - 2E-11 - -

(1 E+1)

Y, see Cd - 1E+1 5E-9 2E-11 - -

48 Cadmjum~113 D, see Cd 2E+1 2E+O 9E-10 - - -
~~dnei~ Kidneys - 5E-12 4E-7 4E-6
3E+1 (3E+O)

W,see Cd - 8E+O 3E-9 - - -
- Kidneys - 2E-11 - -

(1 E+1)
Y, see '~Cd - 1E+1 6E-9 2E-11 - -

48 Cadmium-115m 0, see Cd 3E+2 5E+1 2E-8 - 4E-6 4E-5
- Kidneys - 1E-10 - -

(8E+1)
W, see '~Cd - 1E+2 5E-8 2E-10 - -
Y, see Cd - 1E+2 6E-8 2E-10 - -

48 Cadmium-115 D, see Cd 9E+2 1E+3 6E-7 2E-9 - -
~~I w~:i - - - 1E-5 1E-4
1E+3

W, see Cd - 1E+3 5E-7 2E-9 - -
Y, see lU4Cd - 1E+3 6E-7 2E-9 - -

48 Cadmium-117m 0, see lU4Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4

W, see Cd - 2E+4 7E-6 2E-8 - -
Y, see 104Cd - 1E+4 6E-6 2E-8 - -

48 Cadmium-117 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 - -
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' 0, see lU'Jln 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 0, see In 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9 h) W, see lWln - 2E+4 8E-6 3E-8 - -

49 Indium-iii 0, see lV'=lln 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4

W, see In - 6E+3 3E-6 9E-9 - -
49 Indium-112 0, see In 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2

W, see lWln - 7E+5 3E-4 1E-6 - -
49 Indium-113m£': 0, see lU'::lln 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

W,see In - 2E+5 8E-5 3E-7 - -
49 Indium-114m 0, see lWln 3E+2 6E+1 3E-8 9E-11 - -

LLI wall - - - 5E-6 5E-5
(4E+2)

W,see In - 1E+2 4E-8 1E-10 - -
49 Indium-115m D, see lWln 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, see HNln - 5E+4 2E-5 7E-8 - -
49 Indium-115 D, see In 4E+1 1E+O 6E-10 2E-12 5E-7 5E-6

W, see lU'Jln - 5E+O 2E-9 8E-12 - -
49 Indium-116m' 0, see lWln 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3

\V, sec 1U'J1n - IE+5 5E-5 2E-7 - -
49 Indium·117m 0, see

109
ln 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3

W, see lWln - 4E+4 2E-5 6E-8 - -
49 lndium·117£ 0, 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' Osee 1wln 4E+4 1E+5 5E-5 2E-7 - -
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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 Mont/Jly
No.

Oral Inhalation Aver(Jge

Ingestion OAC
Concan·
tTalian

ALI (~Ci) @;Uml) ({ICi/mll

~tw~:
- - - 7E-4 7E-3

5E+4

W, see In - 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
phosphate

50 Tin-111< 0, see Sn 7E+4 2E+5 9E-5 3E-7 1E-3 1E-2

W,see Sn - 3E+5 1E-4 4E-7 - -
50 Tin-113 D, see 11USn 2E+3 1E+3 5E-7 2E-9 - -

LLI wall - - - 3E-5 3E-4
12E+3\

W, see l1USn - 5E+2 2E-7 8E-10 - -
50 Tin-117m 0, see llUSn 2E+3 1E+3 5E-7 - - -

LLI wall Bone surf - 3E-9 3E-5 3E-4
12E+3\ 12E+3\

W, see llUSn - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, see lUSn 3E+3 2E+3 1E-6 3E-9 - -

LLI wall - - - 6E-5 6E-4
(4E+3\

W, see l1USn - 1E+3 4E-7 1E-9 - -
50 Tin-121m 0, see lUSn 3E+3 9E+2 4E-7 1E-9 - -

LLI wall - - - 5E-5 5E-4
14E+3\

W, see l1USn - 5E+2 2E-7 8E-10 - -

50 Tin-121 D, see llUSn 6E+3 2E+4 6E-6 2E-8 - -
LLI wall - - - 8E-5 8E-4
(6E+3)

W, see 11OS0 - 1E+4 5E-6 2E-8 - -

50 Tin-123m< D, see 11080 5E+4 1E+5 5E-5 2E-7 7E-4 7E-3

W,see Sn - 1E+5 6E-5 2E-7 - -
50 Tin-123 0, see Sn 5E+2 6E+2 3E-7 9E-10 - -

LLI wall - - - 9E-6 9E-5
(6E+2)

W, see Sn - 2E+2 7E-8 2E-10 - -

50 Tin-125 0, see Sn 4E+2 9E+2 4E-7 1E-9 - -

LLI W~~I - - - 6E-6 6E-5
(5E+2

W, see Sn - 4E+2 1E-7 5E-10 - -

50 Tin-126 0, see 11OSO 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5
W, see llUSn - 7E+1 3E-8 9E-11 - -

50 Tin-127 0, see Sn 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
W, see l1USn - 2E+4 8E-6 3E-8 - -

50 Tin-128< 0, see l1USn 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3

W,see Sn - 4E+4 1E-5 5E-8 - -
51 Antimony-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· 0, 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 _116< Osee '''Sb 7E+4 3E+5 1E-4 4E-7 - -
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J~bl~lIV~I~~S Tabl~1I
Tabl~ 111

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col.I Co1.2/ I·· ... Col. 3 Col. I Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion
Concen-

Ali (~Cj) (~CV01I) I:alion
pCilmQ

Slwall - - - 1E-3 1E-2
(9E+4)

W,see "'Sb - 3E+5 1E-4 5E-7 - -
51 Antimony~ 117 D,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 D, see m Sb 6E+3 2E+4 BE-6 3E-B 7E-5 7E-4

W,see Sb 5E+3 2E+4 9E-6 3E-B - -
51 Antimony-119 D, see Sb 2E+4 5E+4 2E-5 6E-B 2E-4 2E-3

W,see "'Sb 2E+4 3E+4 1E-5 4E-B - -
51 Anlimony-120· D,see Sb 1E+5 4E+5 2E-4 6E-7 - -

(16 min) ~l wa~: - - - 2E-3 2E-2
2E+5

W,see "'Sb - 5E+5 2E-4 7E-7 - -
51 Anlimony-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 11bSb BE+2 2E+3 1E-6 3E-9 - -

LLI wall - - - 1E-5 1E-4
IBE+2\

W,see Sb 7E+2 1E+3 4E-7 2E-9 - -
51 Antimony- D, see 11bSb 3E+5 BE+5 4E-4 1E-6 3E-3 3E-2

124m2
W,see "'Sb 2E+5 6E+5 2E-4 BE-7 - -

51 Antlmony-124 D, see Sb 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5

W,see "'Sb 5E+2 2E+2 1E-7 3E-10 - -
51 Anlimony-125 D, see "'Sb 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4

W,see "'Sb - 5E+2 2E-7 7E-1O - -

51 Antimony- 0, see Sb 5E+4 2E+5 BE-5 3E-7 - -
126m

2
~IW~~ - - - 9E-4 9E-3
7E+4

W, see" Sb - 2E+5 BE-5 3E-7 - -
51 Anlimony-126 0, see Sb 6E+2 1E+3 5E-7 2E-9 7E-6 7E-5

W, see "'Sb 5E+2 5E+2 2E-7 7E-1O - -

51 Antimony-127 D, see '''Sb BE+2 2E+3 9E-7 3E-9 - -

~;I W~~I - - - 1E-5 1E-4
BE+2

W,see "'Sb 7E+2 9E+2 4E-7 1E-9 - -

51 Anlimony-12B" 0, see Sb BE+4 4E+5 2E-4 5E-7 - -
(10.4 min) SIW~~ - - - 1E-3 1E-2

(1E+5
W, see llt'1Sb - 4E+5 2E-4 6E-7 - -

51 Antirnony-128 0, see Sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
(9.01 h) W,see m Sb - 3E+3 1E-6 5E-9 - -

51 Antlmony-129 D, see "'Sb 3E+3 9E+3 4E-6 1E-B 4E-5 4E-4

W,see Sb - 9E+3 4E-6 1E-B - -
51 Antimony-130 O,see Sb 2E+4 6E+4 3E-5 9E-B 3E-4 3E-3

W, see '''Sb - BE+4 3E-5 1E-7 - -

51 Antimony-131· D, see "'Sb 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid - 6E-B 2E-4 2E-3
12E+4\ 14E+4\

W,see "'Sb - 2E+4 1E-5 - -
- ThyrO~~ - 6E-B - -

(4E+4
52 Tellurium-116 D, all compounds BE+3 2E+4 9E-6 3E-B 1E-4 1E-3

except those given
forW
W, oxides, - 3E+4 1E-5 4E-B - -
hydroxides, and
nitrates

52 Tellurium-121m Osee "'Te 5E+2 2E+2 BE-B - - -
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'••T~blel·V~IUe(l T~ble II Table III

Effluent Concentrati(HlS Releases to
Sewers

Atomic Radionuclide Co/.1 Col.2\ICo/.3 CoL1 Co/.2 Monthly
No.

Or~1
Inhalation Avaraga

Ingestion VV~lar Concen-
I\LI(~Ci) (~(;UIJ)I)

tration
, "

(flCilml)
B~ne surt Bone surf - 5E-1O 1E-5 1E-4

7E+2) 4E+2)
W,see "'Te - 4E+2 2E-7 6E-10 - -

52 Tellurium-121 D,see 'Te 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-B - - -

Bone ;~rt Bone surf - BE-1O 1E-5 1E-4
I1E+3 15E+2\

W,see '"Te - 5E+2 2E-7 BE-10 - -
52 Tellurium-123 D,see '"Te 5E+2 2E+2 BE-B - - -

Bone surf Bone surf - 7E-10 2E-5 2E-4
I1E+3\ 15E+2\

W, Sae ""Ta - 4E+2 2E-7 - - -
- Bone surf - 2E-9 - -

(1E+3)
52 Tellurium-125m O,see 'Te 1E+3 4E+2 2E-7 - - -

Bone ;~rt Bone ~~rt - 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

- B~ne surt - 6E-10 - -
4E+2)

W,see "Te - 3E+2 1E-7 4E-10 - -

52 Tellurium-127 D, see 'Te 7E+3 2E+4 9E-6 3E-B 1E-4 1E-3

W,see '"Te - 2E+4 7E-6 2E-B - -
52 Tellurium-129m 0, see "'Te 5E+2 6E+2 3E-7 9E-10 7E-6 7E-5

W, see Te - 2E+2 1E-7 3E-10 - -

52 Tellurium-129 D, see ""Te 3E+4 6E+4 3E-5 9E-B 4E-4 4E-3

W,see "'Te - 7E+4 3E-5 1E-7 - -
52 Tellurium-131m 0, see 'Te 3E+2 4E+2 2E-7 - - -

;,hyro;~ ;~yroj~ - 2E-9 BE-6 BE-5
6E+2 1E+3

W, see '"Te - 4E+2 2E-7 - - -
- Thyroid - 1E-9 - -

(9E+2)
52 TelJurium-131" D, see ""Te 3E+3 5E+3 2E-6 - - -

Thyroid ;~yro;~ - 2E-8 BE-5 8E-4
16E+3\ 1E+4

W,see 'Te - 5E+3 2E-6 - - -
- Thyroid - 2E-8 - -

(1E+4)
52 Tellurium-132 D,see 'Te 2E+2 2E+2 9E-B - - -

i~yrOid i!hyroi~ - 1E-9 9E-6 9E-5
7E+2) 8E+2

W,see '"Te - 2E+2 9E-B - - -
- Thyroid - 9E-10 - -

16E+2)
52 Tellurium- D,see 'Te 3E+3 5E+3 2E-6 - - -

133m2
;~yro~~ ;~yro:~ - 2E-B 9E-5 9E-4
6E+3 1E+4

W,see 'Te - 5E+3 2E-6 - - -
- Thyroid - 2E-B - -

(1 E+4)
52 Tellurium-133" 0, see 'Te 1E+4 2E+4 9E-6 - - -

Thyroid Thyroid - BE-B 4E-4 4E-3
(3E+4) (6E+4)

W,see 'Te - 2E+4 9E-6 - - -
- Thyroid - BE-8 - -

(6E+4)
52 TeJluriurn-134" D, see ""Te 2E+4 2E+4 1E-5 - - -

Thyroid Thyroid - 7E-B 3E-4 3E-3
(2E+4) (5E+4)
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"~bl~f T~blell
T~blelll

.~.
,,,.I"~lye~ Effluent Concentrations Releases to

Sewers
Atomic Radionuclide Col.! Co/.2 <I Col. 3 Col.! Co/.2 Monthly

No.
Or~1

Inhalation Av~rage

Ingestion Concen-

ALI (pCi) (Hpil&l) (~~lion
/lCi/mll

W, see n 'Te - 2E+4 1E-5 - - -
- ;1hyro~~ - 7E-8 - -

5E+4
53 Iodine-120m' 0, all compounds 1E+4 2E+4 9E-6 3E-8 - -

Thyroid - - - 2E-4 2E-3
(1 E+4)

53 lodine-120 0, all compounds 4E+3 9E+3 4E·6 - - -

Thyroi~ ;,hyrol~ - 2E-8 1E-4 1E-3
(8E+3 1E+4

53 lodine-121 D, all compounds 1E+4 2E+4 8E-6 - - -
Thyroid Thyroid - 7E-8 4E-4 4E-3
(3E+4) (5E+4)

53 lodine-123 0, all compounds 3E+3 6E+3 3E-6 - - -

;~yrol~ ;ryrol~ - 2E-8 1E-4 1E-3
1E+4 2E+4

53 iodine-124 D, all compounds 5E+1 8E+1 3E-8 - - -
Thyroid Thyroid - 4E-10 2E-6 2E-5
r2E+2\ 13E+2\

53 lodine-125 D, all compounds 4E+1 6E+1 3E·8 - - -
;~yro;~ ;,hyro;~ - 3E-10 2E-6 2E-5
1E+2 2E+2

53 lodine-126 D, all compounds 2E+1 4E+1 1E-8 - - -
Thyroid Thyroid - 2E-10 1E-6 1E-5
(7E+1 ) (1E+2)

53 lodine-128" 0, all compounds 4E+4 1E+5 5E-5 2E-7 - -
~tW~1I - - - 8E-4 8E-3
6E+4)

53 IOOine-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 - - -
;hyroid ;hyroi~ - 3E-9 2E-5 2E-4
1E+3) 2E+3

53 lodine-131 0, all compounds 3E+1 5E+1 2E-8 - - -
Thyroid ThYro;~ - 2E-10 1E-6 1E-5
(9E+1) (2E+2

53 Iodine-132m" 0, all compounds 4E+3 8E+3 4E·6 - - -
;.hyrol~ ;tyro~~ - 3E-8 1E-4 1E-3
1E+4 2E+4

53 lodine-132 0, all compounds 4E+3 8E+3 3E-6 - - -
Thyroid Thyroid - 2E-8 1E-4 1E-3
r9E+3\ I1E+4\

53 lodine-133 0, all compounds 1E+2 3E+2 1E-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
(3E+4)

53 lodine-135 D, all compounds 8E+2 2E+3 7E-7 - - -
Thyroid Thyroid - 6E-9 3E-5 3E-4
(3E+3) (4E+3)

54 Xenon-120" Submersion - - 1E-5 4E-8 - -
54 Xenon-121 Submersion - - 2E-6 1E-8 - -

54 Xenon-122 Submersion - - 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 - -
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T~bl~iv~IU~S T~blell
T~ble III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 1< Col. 3 Col. 1 Col. 2 Monthly
No.

Or~1
Inhalation Average

Ingestion DAC
Concen-
tration

ALI (~Ci) M)UI)1I) (/lCi/ml)
54 Xenon-135 Submersion - - lE-5 7E-8 -
54 Xenon-138' Submersion - - 4E-6 2E-8 - -
55 Cesium~125' 0, all compounds 5E+4 lE+5 6E-5 2E-7 - -

Stw~1I - - - 1E-3 1E-2
(9E+4)

55 Cesium·127 D, all compounds 6E+4 9E+4 4E-5 lE-7 9E-4 9E-3
55 Cesium-129 D, all compounds 2E+4 3E+4 lE-5 5E-8 3E-4 3E-3
55 Cesium-130£ 0, all compounds 6E+4 2E+5 8E-5 3E-7 - -

Stw~1I - - - lE-3 lE-2
(IE+5)

55 Cesium-131 0, all compounds 2E+4 3E+4 lE-5 4E-8 3E-4 3E-3
55 Cesium-132 0, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m 0, all compounds lE+5 lE+5 6E-5 2E-7 - -

Stw~1I - - - 2E-3 2E-2
(IE+5)

55 Cesium-134 0, all compounds 7E+1 lE+2 4E-8 2E-l0 9E-7 9E-6
55 Cesium-135m": 0, all compounds lE+5 2E+5 8E-5 3E-7 lE-3 lE-2

55 Cesium-135 0, all comoounds 7E+2 lE+3 5E-7 2E-9 lE-5 lE-4
55 Cesium-136 0, all comoounds 4E+2 7E+2 3E-7 9E-l0 6E-6 6E-5
55 Cesium-137 0, all comnounds 1E+2 2E+2 6E-8 2E-l0 lE-6 lE-5
55 Cesium-138 0, all compounds 2E+4 6E+4 2E-5 8E-8 - -

Stw~1I - - - 4E-4 4E-3
(3E+4)

56 Barium-126'" 0, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4

56 Barium-128 0, all comoounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m 0, all compounds 4E+5 lE+6 6E-4 2E-6 - -

Stwall - - - 7E-3 7E-2
(5E+5)

56 Barium-131 D, all comoounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
56 Barium-133m 0, all compounds 2E+3 9E+3 4E-6 lE-8 - -

LLI wall - - - 4E-5 4E-4
(3E+3)

56 Barium-133 0, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m 0, all comoounds 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4
56 Barium-139'" 0, all compounds lE+4 3E+4 lE-5 4E-8 2E-4 2E-3
56 Barium-140 0, all compounds 5E+2 lE+3 6E-7 2E-9 - -

LLI wall - - - 8E-6 8E-5
(6E+2\

56 Barium-141 0, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
56 Barium-14Z' 0, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

57 Lanthanum- 0, all compounds 5E+4 lE+5 5E-5 2E-7 6E-4 6E-3
131

2 except those given
forW
W, oxides and - 2E+5 7E-5 2E-7 - -
hydroxides

57 Lanthanum-132 0, see '':>'La 3E+3 lE+4 4E-6 1E-8 4E-5 4E-4

W,see La - lE+4 5E-6 2E-8 - -

57 Lanthanum-135 0, see 1.J1 La 4E+4 lE+5 4E-5 lE-7 5E-4 5E-3
W, see 1.:II La - 9E+4 4E-5 lE-7 - -

57 Lanthanum-137 0, see '':>'La 1E+4 6E+l 3E-8 - 2E-4 2E-3
- Liver - lE-l0 - -

(7E+1)
W, see 1':>'La - 3E+2 lE-7 - - -

- liver - 4E-l0 - -
(3E+2\

57 Lanthanum-138 0, see 1.'1 La 9E+2 4E+O lE-9 5E-12 lE-5 lE-4

W, see 1':>'La - lE+l 6E-9 2E-ll - -
57 Lanthanum-140 0, see La 6E+2 lE+3 6E-7 2E-9 9E-6 9E-5

W,see La - lE+3 5E-7 2E-9 - -
57 Lanthanum·141 0, see 1.'1 La 4E+3 9E+3 4E-6 lE-8 5E-5 5E-4

W, see '.:I'La - lE+4 5E-6 2E-8 - -
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T~blel ••••• T~blo II T~blelll

Y~I~es Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I • Col.3 Col. 1 Col. 2 Monthly
No.

Or~1
Inhalation AV:(Jrage

Ingestion Concen-

Ap (pCI) (pCumlj. ·(~rli0?t)CVml
57 Lanthanum- D, see l~ILa BE+3 2E+4 9E-6 3E-8 lE-4 lE-3

142' W, see L~ - 3E+4 lE-5. 5E-B - -

57 Lanthanum- D, see D'La 4E+4 lE+5 4E-5 lE-7 - -
143' ~tw~~ - - - 5E-4 5E-3

4E+4
W, see L~ - 9E+4 4E-5 lE-7 - -

58 Cerium-134 W, all compounds 5E+2 7E+2 3E-7 lE-9 - -
except those given LLI wall - - - 8E-6 BE-5
lorY 16E+2\
Y, oxides, - 7E+2 3E-7 9E-l0 - -
hydroxides, and
fluorides

58 Cerium-135 W, see l;;s.<lCe 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4

Y,see Ce - 4E+3 lE-6 5E-9 - -
58 Cerium-137m W, see Ce 2E+3 4E+3 2E-6 6E-9 - -

LLI wall - - - 3E-5 3E-4
(2E+3)

Y,see Ce - 4E+3 2E-6 5E-9 - -
58 Cerium-137 W,see Ce 5E+4 lE+5 6E-5 2E-7 7E-4 7E-3

Y, see l;:l4Ce - lE+5 5E-5 2E-7 - -
58 Cerium-139 W, see l;j4Ce 5E+3 BE+2 3E-7 lE-9 7E-5 7E-4

Y,see Ce - 7E+2 3E-7 9E-l0 - -
58 Cerium-141 W,see Ce 2E+3 7E+2 3E-7 lE-9 - -

LLI w~~1 - - - 3E-5 3E-4
(2E+3

Y, see l""Ce - 6E+2 2E-7 8E-l0 - -
58 Cerium-143 W,see Ce lE+3 2E+3 8E-7 3E-9 - -

LLI wall - - - 2E-5 2E-4
(lE+3)

Y,see Ce - 2E+3 7E-7 2E-9 - -
58 Cerium-144 W, see 134Ce 2E+2 3E+l lE-8 4E-ll - -

LLI wall - - - 3E-6 3E-5
(3E+2)

Y, see Co - lE+l 6E-9 2E-ll - -

59 Praseodymium- W, all compounds 5E+4 2E+5 lE-4 3E-7 - -
136' except those given Stwall - - - lE-3 lE-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 - lE+5 6E-5 2E-7 - -

59 Praseodymium- W, see l~Pr lE+4 5E+4 2E-5 8E-8 lE-4 lE-3
138m Y, see Pr - 4E+4 2E-5 6E-8 - -

59 Praseodymium- W, see Pr 4E+4 lE+5 5E-5 2E-7 6E-4 6E-3
139 Y, see l;jtjPr - lE+5 5E-5 2E-7 - -

59 Praseodymium- W, see l.:ll:pr 8E+4 2E+5 7E-5 2E-7 lE-3 lE-2
142m2

Y,see Pr - lE+5 6E-5 2E-7 - -
59 Praseodymium- W,see Pr lE+3 2E+3 9E-7 3E-9 lE-5 lE-4

142 Y, see l;jtjPr - 2E+3 8E-7 3E-9 - -

59 Praseodymium- W, see -I.:lI: pr 9E+2 8E+2 3E-7 lE-9 - -
143 LLI W~~I - - - 2E-5 2E-4

(lE+3
Y, see !;j()Pr - 7E+2 3E-7 9E-l0 - -

59 Praseodymium- W, see Pr 3E+4 lE+5 5E-5 2E-7 - -
144' ~t wa;~ - - - 6E-4 6E-3

4E+4
Y,see mpr - lE+5 5E-5 2E-7 - -

59 Praseodymium~ W, see Pr 3E+3 9E+3 4E-6 lE-B 4E-5 4E-4
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T~b\\!~IUeS Table II
Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col.2JC<:>I.J Col. 1 Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
Air Water Concen-

ALI (~Cj) (~CUrl)I)
(~CUml) (~CUml) Iralian

(IlCilml)
145 Y,see Pr - BE+3 3E-6 1E-B - -

59 Praseodymium- W, see l~p( 5E+4 2E+5 BE-5 3E-7 - -
147' ~Iwal! - - - 1E-3 1E-2

BE+4)

Y,see Pr - 2E+5 BE-5 3E-7 - -
60 Neodymium- W, all compounds 1E+4 6E+4 2E-5 BE-B 2E-4 2E-3

136' except those given
torY
Y, oxides, - 5E+4 2E-5 BE-B - -
hydroxides,
carbides, and
fluorides

60 Neodymium- W, se6 Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
13B Y, see ""Nd - 5E+3 2E-6 7E-9 - -

60 Neodymium- W, see Nd 5E+3 2E+4 7E-6 2E-B 7E-5 7E·4
139m Y, see Nd - 1E+4 6E-6 2E-B - -

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 LLI wal! - . . 2E-5 2E·4

(1E+3)
Y, see ''''Nd - BE+2 4E-7 1E·9 - -

60 Neodymium- W, see Nd 1E+4 3E+4 1E-5 4E·B 1E·4 1E-3
149' Y, see Nd - 2E+4 1E-5 3E-B - ·

60 Neodymium- W, see ''''Nd 7E+4 2E+5 BE-5 3E-7 9E-4 9E·3
1512

Y, see ""Nd - 2E+5 BE-5 3E-7 - -
61 Promethium- W, all compounds 5E+4 2E+5 BE-5 3E-7 - -

141
2 except those given

for Y
Stwal! . . . 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-10 7E·5 7E·4
143 Y, see Pm - 7E+2 3E-7 1E-9 - -

61 Promethium- W, see Pm 1E+3 1E+2 5E-B 2E-10 2E-5 2E·4
144 y, see Pm - 1E+2 5E·B 2E-10 - -

61 Promethium- W, see 141 Pm 1E+4 2E+2 7E·B - 1E·4 1E-3
145 - Bone surf - 3E-10 - -

(2E+2)
Y, see Pm - 2E+2 BE·B 3E·10 - -

61 Promethium- W, see 141 Pm 2E+3 5E+1 2E·B 7E·11 2E-5 2E·4
146 Y, see Pm - 4E+1 2E-B 6E-11 - -

61 Promethium- W, see Pm 4E+3 1E+2 5E·B - - -
147 ~~Iwal! B~ne surf - 3E-10 7E-5 7E-4

5E+3) 2E+2)
Y, see Pm - 1E+2 6E-B 2E-10 . -

61 Promethium- W, see 141 Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E·4
14Bm

Y,see Pm - 3E+2 1E-7 5E·10 - -

61 Promethium- W,see Pm 4E+2 5E+2 2E-7 BE·10 - -
14B LLI wal! - - - 7E·6 7E-5

15E+2\

Y, see Pm - 5E+2 2E-7 7E-10 - -
61 Promethium~ W see 141 Prn 1E+3 2E+3 BE-7 3E-9 - ·
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••••·,-al>lal\f~llIa~ Tabla II Tabla III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col.2 T Col. 3 Col. 1 Col. 2 Monlhly
No.

Oral Average

Ingestion PAC Watar Concen-
tration

ALI (~Ci) (~CUml) ..' '/lCi/mll
149 LLI wall - - - 2E-S 2E-4

(1E+3)

Y,see Pm - 2E+3 8E-7 2E-9 - -
61 Promethium- W, see 141 Pm SE+3 2E+4 8E-6 3E-8 7E-S 7E-4

1S0 Y, see j£ Pm - 2E+4 7E-6 2E-8 - -
61 Promethium~ W,see Pm 2E+3 4E+3 1E-6 SE-9 2E-S 2E-4

1S1 V, see l' Pm - 3E+3 1E-6 4E-9 - -
62 Samarium- W, all compounds 3E+4 1E+S 4E-S 1E-7 4E-4 4E-3

141m2

62 Samarium-141 W, all compounds SE+4 2E+S 8E-S 2E-7 - -
Stwall - - - 8E-4 8E-3
(6E+4) .

62 Samarium-142 W, all compounds 8E+3 3E+4 1E-S 4E-8 1E-4 1E-3

62 Samarium-145 W, all compounds 6E+3 SE+2 2E-7 7E-10 8E-S 8E-4
62 Samarium-146 W, all compounds 1E+1 4E+2 1E-11 - - -

B~ne ~~rf B~€ne ~urf - 9E-14 3E-7 3E-6
3E+1 6E-2)

62 Samarium-147 W, all compounds 2E+1 4E-2 2E-11 - - -
Bone surf Bone surf - 1E-13 4E-7 4E-6

13E+1) (7E-2)
62 Samariurn-151 W, all compounds 1E+4 1E+2 4E-8 - - -

LLI wall Bone surf - 2E-10 2E-4 2E-3
I1E+4) 12E+2)

62 Samarium-153 W, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall - - - 3E-S 3E-4
(2E+3)

62 Samarium-15S<: W, all compounds 6E+4 2E+S 9E-S 3E-7 - -
~twall - - - 1E-3 1E-2
8E+4)

62 Samarium-156 W, all compounds SE+3 9E+3 4E-6 1E-8 7E-S 7E-4
63 Europium-145 W. all compounds 2E+3 2E+3 8E-7 3E-9 2E-S 2E-4
63 Europium-146 W, all compounds 1E+3 1E+3 SE-7 2E-9 1E-S 1E-4
63 Europium-147 W, all comoQunds 3E+3 2E+3 7E-7 2E-9 4E-S 4E-4
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 SE-1O 1E-S 1E-4
63 Europium·149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 ~uroPiuh~-1S0 W, all c0l1)pounds 3E+3 8E+3 4E-6 1E-8 4E-S 4E-4

12.62 h
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-S 1E-4

(34.2 v)
63 Europium·152m W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-S 4E-4
63 Europium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-S 1E-4
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-S
63 Europium·155 W, all compounds 4E+3 9E+1 4E-8 - SE-S SE-4

- Bone surf - 2E-10 - -
I1E+2)

63 Europium-156 W, all compounds 6E+2 SE+2 2E-7 6E-1O 8E-6 8E-S
63 Europium-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-S 3E-4
63 Europium-15S£ W, all compounds 2E+4 6E+4 2E-S 8E-8 3E-4 3E-3

64 Gadolinium- 0, all compounds SE+4 2E+S 6E-S 2E-7 - -
14S

2 except those given
~twai~ - - - 6E-4 6E-3

forW SE+4
W, oxides, - 2E+S 7E-S 2E-7 - -
hydroxides, and
fluorides

64 Gadolinium-146 0, see Gd 1E+3 1E+2 SE-8 2E-10 2E-S 2E-4

W, see '''Gd - 3E+2 1E-7 4E-10 - -

64 Gadolinium-147 0, see q:>Gd 2E+3 4E+3 2E-6 6E-9 3E-S 3E-4

W,see Gd - 4E+3 1E-6 SE-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)
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T~~lell \I~IU~~ T~ble II T~~le III

Releases toEffluent Concentrations Sewers
Atomic Col.1 Col.21 Col. 3 Col.1 Co/.2 Monlhly

No.
Or~1

Inhalation Average

Ingestion
.(@V~I)·

Concen-
tration

Ap (~Cl) (IlCilmIJ
W, see '"'Gd - 3E-2 1E-11 - - -

- Bone surf - 8E-14 - -
(8E-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-151 D, see Gd 6E+3 4E+2 2E-7 - 9E-5 9E-4
- Bone surf - 9E-10 - -

(6E+2)
W, see '"'Gd - 1E+3 5E-7 2E-9 - -

64 Gadolinium-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-2)

64 Gadoliniurn-153 D, see '"'Gd 5E+3 1E+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 compounds 5E+3 2E+4 9E-6 3E-8 7E-5 7E-4
65 Terbium-151 W, all compounds 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4
65 Terbium-153 W, all compounds 5E+3 7E+3 3E-6 1E-8 7E-5 7E-4
65 Terbium-154 W, all compounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-i5S W, all comoQunds 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 h)
65 Terbium-156m W, all compounds 7E+3 8E+3 3E-6 1E-8 1E-4 1E-3

(24.4 hl
65 Terbium-156 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbium-iS? W, all compounds 5E+4 3E+2 1E-7 - - -

LLI w~1I Bone surf - 8E-1O 7E-4 7E-3
(5E+4) (6E+2)

65 Terbium-i5S 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 1E-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7E-7 2E-9 - -

LLI w~1I - - - 3E-5 3E-4
(2E+3)

66 Dysprosium- W, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
155

66 Dysprosiurn M 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 M W, all compounds 6E+2 7E+2 3E-7 1E-9 - -
166 LLI w~1I - - - 1E-5 1E-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 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 M 161 W, all compounds 1E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Holmium M W, all compounds 5E+4 3E+5 1E-4 4E-7 7E-4 7E-3

162m'
67 Holmium-162L W, all compounds 5E+5 2E+6 1E-3 3E-6 - -

Stw~1I - - - 1E-2 1E-1
(8E+5)
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Ta~lal Tabla II Tabla III
Releases to

IvalUaS Effluent Concentrations
Sewers

Atomic Radionuclide Col. 1 CoJ.2 Col. 3 Col. 1 Col. 2 Monthly
No.

Oral
Aveflige

Inges:tion Concen-

((~q;/;;'It trittionAq (~Ci) (pCVml)
67 Holmium- W, all compounds 1E+5 3E+5 1E·4 4E-7 lE-3 lE-2

164m
2

67 Holmium-164£ W, all compounds 2E+5 6E+5 3E-4 9E-7 - -
Slwall - - - 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-167 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 lE-6 4E-9 - -

LLI wall - - - 5E-5 5E·4
(4E+31

68 Erbium-171 W, all compounds 4E+3 lE+4 4E·6 1E-8 5E-5 5E-4
68 Erbium-172 W, all compounds 1E+3 lE+3 6E-7 2E-9 - -

LLI wall - - - 2E-5 2E-4
(1 E+3)

69 Thulium-162 W, all compounds 7E+4 3E+5 1E-4 4E-7 - -
Slwall - - - 1E-3 1E-2
(7E+4)

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-10 - -
LLI wall - - - 1E-5 1E-4
(lE+3)

69 Thulium-17l W, all compounds 1E+4 3E+2 lE-7 - - -
LLI W::I Bone surf - 8E-l0 2E-4 2E-3
(lE+4 (6E+21

69 Thulium-l72 W, all compounds 7E+2 lE+3 5E-7 2E-9 - -
LLI wall - - - lE-5 lE-4
(8E+21

69 Thulium-173 W, all compounds 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
I9E+4\

70 Yttarbium-162< W, all compounds 7E+4 3E+5 lE-4 4E-7 1E-3 1E-2
except those given
for Y
Y, oxides, - 3E+5 1E-4 4E-7 - -
hydroxides, and
fluorides

70 Ytterbium-166 W, sea '"'Vb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4

Y,see Yb - 2E+3 8E-7 3E-9 - -
70 Yttarbium-167< W,see Yb 3E+5 8E+5 3E-4 lE-6 4E-3 4E-2

Y, sea '"'Vb - 7E+5 3E-4 lE-6 - -

70 Yttarbium-169 W, see IOt:"Yb 2E+3 8E+2 4E-7 lE-9 2E-5 2E-4

Y,see - 7E+2 3E-7 lE-9 - -
70 Yttarbium-175 W,see Yb 3E+3 4E+3 1E-6 5E-9 - -

LLI wall - - - 4E-5 4E-4
13E+3\

Y, see Yb - 3E+3 1E-6 5E-9 - -
70 Yttarbium-l77 W, see '"'Vb 2E+4 5E+4 2E-5 7E-8 2E-4 2E-3

Y, sea '"'Vb - 5E+4 2E-5 6E-8 - -

70 YUerbium-178< W,see Yb 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
Y, see 1bLYb - 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
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•• T~bl"iv~lue~ TableU
Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I Col. 3 Col.I Co/.2 Monthly
No. Inhalation A",erageOral

vvaterIngestion PAC
Concen·

ALI(~Cj) (~Cilrnl) '" ." tration
((lCi/mll

V, oxides, - 4E+3 2E-6 6E-9 - -
hydroxides, and
fluorides

71 Lutetium-170 W, see lbYLu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4
V, see lb\ Lu - 2E+3 8E-7 3E-9 - -

71 Lutetium-171 W,see Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4

Y,see Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium-172 W, see lb"lLu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4

V, see lb\Lu - 1E+3 5E-7 2E-9 - -
71 Lutetium-173 W,see Lu 5E+3 3E+2 1E-7 - 7E-5 7E-4

- B~ne S2~rf - 6E-10 - -
5E+2

Y, see ltl\Lu - 3E+2 1E-7 4E-10 - -
71 Lutetium-174m W,see Lu 2E+3 2E+2 1E-7 - - -

LLI wall Bone surf - 5E-1O 4E-5 4E-4
(3E+3) (3E+2)

Y, see 10 Lu - 2E+2 9E-8 3E-10 - -
71 Lutetium-174 W,see Lu 5E+3 1E+2 5E-8 - 7E-5 7E-4

- B?,"e s,~rf - 3E-10 - -
2E+2

Y,see Lu - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, see 10'<lLu 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3

y, see lb':lLu - 2E+4 9E-6 3E-8 - -
71 Lutetium-176 W,see Lu 7E+2 5E+O 2E-9 - 1E-5 1E-4

- Bone surf - 2E-11 - -
(1 E+1)

Y, see lb':lLu - 8E+O 3E-9 1E-11 - -
71 Lutetium-177m W,see Lu 7E+2 1E+2 5E-8 - 1E-5 1E-4

- B~ne ~~rf - 2E-10 - -
1E+2

y, see lb':lLu - 8E+1 3E-8 1E-10 - -
71 Lutetium-i77 W,see Lu 2E+3 2E+3 9E-7 3E-9 - -

~~I W~~I - - - 4E-5 4E-4
3E+3

y, see lb':lLu - 2E+3 9E-7 3E-9 - -

71 Lutetium-178mL W, see Lu 5E+4 2E+5 8E-5 3E-7 - -
~rwall - - - 8E-4 8E-3
6E+4)

Y, see lb·'tu - 2E+5 7E-5 2E-7 - -

71 Lutetium-178< W,see Lu 4E+4 1E+5 5E-5 2E-7 - -
~twall - - - 6E-4 6E-3
4E+4)

Y, see ltl':lLu - 1E+5 5E-5 2E-7 - -
71 Lutetium-179 W,see Lu 6E+3 2E+4 8E-6 3E-8 9E-5 9E-4

Y, see 1bYLu - 2E+4 6E-6 3E-8 - -

72 Hafnium-170 D, 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 1E+3 9E+O 4E-9 - 2E-5 2E-4
- B?,ne surt - 3E-11 - -

2E+1)

W, see 'UHf - 4E+1 2E-8 - - -
- B~ne Sl~rf - 8E-11 - -

6E+1
72 Hafnium-173 D, see l/UHf 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4

W, see 'UHf - 1E+4 5E-6 2E-8 - -
72 Hafnium-175 D see Hf 3E+3 9E+2 4E-7 - 4E-5 4E-4
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Tablel Table II
Table III

Values Effluent.Concentrations Releases to
Sewers

Atomic Radionuclide Col.J Col. 2 I " Col. 3 Col.J Co/.2 Monthly
No.

Oral Inhalation Average

Ingestion DAC
C:oncen~

ALI (~Ci) (~Cilll1l) lr~lionCilml)
- B~ne surf - lE-9 - -

lE+3)
W, see 1IuHf - lE+3 5E-7 2E-9 - -

72 Hafnium-177m£ D, see '"Hf 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3

W, see '" Hf - 9E+4 4E-5 lE-7 - -
72 Hafnium-178m D,see Hf 3E+2 lE+O 5E-l0 - 3E-6 3E-5

- B7,ne ~~rf - 3E-12 - -
2E+O

W,see Hf - 5E+O 2E-9 - - -
- Bone surf - lE-11 - -

(9E+O)
72 Hafnium-179m D,see Hf lE+3 3E+2 1E-7 - 1E-5 lE-4

- B7,ne ~~rf - 8E-1O - -
6E+2

W, see 1IuHf - 6E+2 3E-7 8E-10 - -
72 Hafnium-180m D,see Hf 7E+3 2E+4 9E-6 3E-8 1E-4 lE-3

W, see 1IuHf - 3E+4 lE-5 4E-8 - -

72 Hafnium-181 D, see '"Hf lE+3 2E+2 7E-8 - 2E-5 2E-4
- Bone surf - 6E-10 - -

14E+2\
W, see 1IuHf - 4E+2 2E-7 6E-10 - -

72 Hafnium-182m"L D, see ,uHf 4E+4 9E+4 4E-5 lE-7 5E-4 5E-3
W, see 1IuHf - 1E+5 6E-5 2E-7 - -

72 Hafnium-182 D,see Hf 2E+2 8E-1 3E-l0 - - -

B~ne ~~rf B~ne ~~rf - 2E-12 5E-6 5E-5
4E+2 2E+O

W, see 1IuHf - 3E+O 1E-9 - - -
- Bone surf - 1E-ll - -

(7E+O)
72 Hafnium-183' D, see ,uHf 2E+4 5E+4 2E-5 6E-8 3E-4 3E-3

W, see 1IuHf - 6E+4 2E-5 8E-8 - -
72 Hafnium-184 0, see Hf 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4

W, see 1IuHf - 6E+3 3E-6 9E-9 - -
73 Tantalum-I72' W, all compounds 4E+4 1E+5 5E-5 2E-7 5E-4 5E-3

except those given
for Y
V, elemental Ta, - 1E+5 4E-5 lE-7 - -
oxides, hydroxides,
halides, carbides,
nitrates, and
nitrides

73 Tantalum-173 W, see H:lTa 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, see If':Ta - 2E+4 7E-6 2E-8 - -

73 Tantalum-174 W, see Ta 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
Y, see lI£Ta - 9E+4 4E-5 1E-7 - -

73 Tantalum-175 W, see lfLTa 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4

Y, see Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, see Ta 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4

Y, see lfLTa - 1E+4 5E-6 2E-8 - -
73 Tantalum-i77 W, see lfLTa lE+4 2E+4 8E-6 3E-8 2E-4 2E-3

Y, see Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-178 W, see 1f"LTa 2E+4 9E+4 4E-5 1E-7 2E-4 2E-3

Y, see lfLTa - 7E+4 3E-5 lE-7 - -

73 Tantalum~179 W, see lfLTa 2E+4 5E+3 2E-6 8E-9 3E-4 3E-3

Y, see Ta - 9E+2 4E-7 1E-9 - -

73 Tantalum~180m W, see l';!Ta 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3
Y, see lILTa - 6E+4 2E-5 8E-8 - -

73 Tantalum-180 W,see Ta lE+3 4E+2 2E-7 6E-10 2E-5 2E-4
Y, see !':.lTa - 2E+l lE-8 3E-11 - -
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Tablel·val~~S.
...

Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Co/.2 J ...... Co/.3 Col. 1 Col. 2 Monthly
No.

Oral
lwerage

Ingestion Concan-

ALI (~Ci) (~C.V"l!)
tration

(/lCi/ml)
73 Tantalum~ W,see Ta 2E+5 5E+5 2E·4 8E·7 · ·

182m
2

~tw~~ · · · 3E·3 3E·2
2E+5

Y, see IZTa · 4E+5 2E·4 6E·7 · ·
73 Tantalum-182 W,see Ta 8E+2 3E+2 1E·7 5E·10 1E·5 1E·4

Y,see ILIa · 1E+2 6E·8 2E·10 · ·
73 Tantalum-183 W, see l/LTa 9E+2 1E+3 5E·7 2E·9 · ·

LLI W~~I · · · 2E·5 2E·4
(1E+3

Y, see ILIa · 1E+3 4E·7 1E·9 · ·

73 Tanlalum·184 W, see llZTa 2E+3 5E+3 2E·6 8E·9 3E·5 3E·4

Y, see Ta · 5E+3 2E·6 7E·9 · ·
73 Tanlalum·185 W, see Ta 3E+4 7E+4 3E·5 1E·7 4E·4 4E·3

Y, see ILIa · 6E+4 3E·5 9E·8 · ·
73 Tanlalum·186' W, see HLTa 5E+4 2E+5 1E·4 3E·7 · ·

~tw~: · · · 1E·3 1E·2
7E+4

Y, see ILTa · 2E+5 9E·5 3E·7 · ·

74 Tunoslen·176 D, all compounds 1E+4 5E+4 2E·5 7E·8 1E·4 1E·3
74 Tunasten-177 0, all comnounds 2E+4 9E+4 4E·5 1E·7 3E·4 3E·3
74 Tungslen·178 D, all compounds 5E+3 2E+4 8E·6 3E·8 7E·5 7EA
74 Tunaslen·179 D, all compounds 5E+5 2E+6 7E·4 2E·6 7E·3 7E·2

74 Tunosten-181 D, all compounds 2E+4 3E+4 1E·5 5E·8 2E·4 2E·3
74 Tungsten-185 D, all compounds 2E+3 7E+3 3E·6 9E·9 · ·

~i' W~~I · · · 4E·5 4E·4
3E+3

74 Tunasten~187 D, all com Qunds 2E+3 9E+3 4E·6 1E·8 3E·5 3E·4
74 Tungsten-188 D, all compounds 4E+2 1E+3 5E·7 2E·9 · ·

LLI W~:I · · · 7E·6 7E·5
(5E+2

75 Rhenium-177 0, all compounds 9E+4 3E+5 1E·4 4E·7 · ·
except those given Stw~: · · · 2E·3 2E·2
forW (1E+5
W, oxides, · 4E+5 1E·4 5E·7 · ·
hydroxides, and
nitrates

75 Rhenium-178 D, see Re 7E+4 3E+5 1E·4 4E·7 · ·

~IW~~ · · · 1E·3 1E·2
1E+5

W,see Re · 3E+5 1E·4 4E·7 · ·
75 Rhenium·181 D, see Re 5E+3 9E+3 4E·6 1E·8 7E·5 7E·4

W,see Re · 9E+3 4E·6 1E·8 · ·
75 Rhenium·182 D, see HI Re 7E+3 1E+4 5E·6 2E·8 9E·5 9E·4

(12.7 h) W,see Re · 2E+4 6E·6 2E·8 · ·
75 Rhenium-182 0, see If!Re 1E+3 2E+3 1E·6 3E·9 2E·5 2E·4

(64.0 h) W,see Re · 2E+3 9E·7 3E·9 · ·

75 Rhenium-184m O,see ](!Re 2E+3 3E+3 1E-6 4E·9 3E·5 3E·4

W,see Re · 4E+2 2E·7 6E·10 · ·
75 Rhenium-184 O,see If'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 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-186 0, 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 OJ see HIRe 6E+5 8E+5 4E·4 · 8E·3 8E·2
· Siwall · 1E·6 · ·

(9E+5)

W,see Re · 1E+5 4E·5 1E·7 · ·
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"r~bl~JV~I~es "rable U "rable IH

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Co/.2 ICo/.3 CoI.t Co/.2 Monthly
No.

Oral Inhalalion . Average
Ingestion DAG

Concen~

tration
AU(~Gi) (~Gifml) (/lei/mil

75 Rhenium- 0, see Re 8E+4 1E+5 6E-5 2E-7 1E-3 1E-2
188m

2
W, see lURe - 1E+5 6E-5 2E-7 - -

75 Rhenium-i88 0, 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-i89 0, see Re 3E+3 5E+3 2E-6 7E-9 4E-5 4E-4

W, see lItRe - 4E+3 2E-6 6E-9 - -
76 Osmium-180L 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 Osmium-181 :l. D, see H:lIJOS 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see HlUOS - 5E+4 2E-5 6E-8 - -

Y,see wOs - 4E+4 2E-5 6E-8 - -
76 Osmium·182 0, see Os 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4

W, see lljUOS - 4E+3 2E-6 6E-9 - -
Y, see lOUOS - 4E+3 2E-6 6E-9 - -

76 Osmium-i85 O,see Os 2E+3 5E+2 2E-7 7E-1O 3E-5 3E·4
W, see ll:1UOS - 8E+2 3E-7 1E-9 - -
Y, see 10005 - 8E+2 3E-7 1E-9 - -

76 Osmium-189m D,see Os 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, see 10005 - 2E+5 9E-5 3E-7 - -
Y, see ltlUOS - 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 Os - 2E+4 8E-6 3E-8 - -
Y, see ltlUOS - 2E+4 7E-6 2E-8 - -

76 Osmium-191 0, see ouOs 2E+3 2E+3 9E-7 3E-9 - -
LUwall - - - 3E-5 3E-4
(3E+3)

W, see 10005 - 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 - -
LUwall - - - 2E-5 2E-4
(2E+3)

W, see ouOs - 3E+3 1E-6 4E-9 - -

y, see Os - 3E+3 1E-6 4E-9 - -
76 Osmium-194 D, see 10005 4E+2 4E+1 2E-8 6E-11 - -

LU W~~I - - - 8E-6 8E-5
(6E+2

W, see Os - 6E+1 2E-8 8E-11 - -
Y, see ll::KJOS - 8E+O 3E-9 1E-11 - -

77 Iridium-182L 0, all compounds 4E+4 1E+5 6E-5 2E-7 - -
except those given Slwall - - - 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 ltfLlr 8E+3 2E+4 1E-5 3E-8 1E·4 1E-3

W,see "If - 3E+4 1E-5 5E-8 - -

Y,see Ir - 3E+4 1E-5 4E·8 - -

77 Iridium-185 0, see ltl;!lr 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4

W,see "If - 1E+4 5E-6 2E-8 - -
Y,see Ir - 1E+4 4E-6 1E-8 - -

77 Iridium-186 0, see 11::1:llr 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
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T~blel\laIU~$. T~blell
T~ble III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide
COl. 1 Col. 2 Col. 3 Col. 1 Col. 2 Monthly

No.
Or~1

Avemge

Ingestion DAC
Concen-

ti1Jtion
ALI (~CI) (~CUI11I) (pCilmli

W, seeloLlr - 6E+3 3E-6 9E-9 - -

Y, see IO"lr - 6E+3 2E-6 8E-9 - -

77 Iridium-i8? D,see Ir lE+4 3E+4 1E-5 5E-8 1E-4 1E-3
W, see ltl"2 lr - 3E+4 1E-5 4E-8 - -
Y, see -Iol lr - 3E+4 1E-5 4E-8 - -

77 Iridium-188 D, see IOL lr 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4

W,see Ir - 4E+3 1E-6 5E-9 - -
Y, see lO<!/r - 3E+3 1E-6 5E-9 - -

77 Iridium-i89 0, see Ilulf 5E+3 5E+3 2E-6 7E-9 - -
~~I W~~I - - - 7E-5 7E-4
5E+3

W, see HUfr - 4E+3 2E-6 5E-9 - -
V, see IO":lr - 4E+3 1E-6 5E-9 - -

77 Iridium-190m"- 0, see Ir 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
W, see H:fLlr - 2E+5 9E-5 3E-7 - -
Y, seelo.!lr - 2E+5 8E-5 3E-7 - -

77 Iridium~190 0, see Ir 1E+3 9E+2 4E-7 1E-9 1E-5 1E-4

W,see Ir - 1E+3 4E-7 1E-9 - -
Y, see -Iol lr - 9E+2 4E-7 1E-9 - -

77 Iridium-192m 0, see IO":lr 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4

W,see If - 2E+2 9E-8 3E-10 - -
Y, see lOLlr - 2E+1 6E-9 2E-11 - -

77 Iridium-192 D, see IOLlr 9E+2 3E+2 1E-7 4E-10 1E-5 1E-4

W,see If - 4E+2 2E-7 6E-10 - -
V, see Ir - 2E+2 9E-8 3E-10 - -

77 Iridium-194m 0, see lOLlr 6E+2 9E+1 4E-8 1E-10 9E-6 9E-5
W, see IOL lr - 2E+2 7E-8 2E-10 - -
V, see If - 1E+2 4E-8 1E-10 - -

77 Iridium-194 D, see ltrLlr 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see IOLlr - 2E+3 9E-7 3E-9 - -
Y, see O"lr - 2E+3 8E-7 3E-9 - -

77 Iridium-195m D, see If 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see nUlr - 3E+4 1E-5 4E-8 - -
Y, see IOLlr - 2E+4 9E-6 3E-8 - -

77 Iridium-i9S 0, see If 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see ltrLlr - 5E+4 2E-5 7E-8 - -
Y,seeloLlr - 4E+4 2E-5 6E-8 - -

78 Plalinum-186 0, all compounds lE+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum-188 D, all compounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Platinum-189 D, all comoounds 1E+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 wall - - - 4E-5 4E-4
(3E+4\

78 Platinum-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 - -
LLI wall - - - 3E-5 3E-4
(2E+3)

78 Platinum- D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
197m'

78 Platinum-197 D, all compounds 3E+3 1E+4 4E-6 lE-8 4E-5 4E-4
78 Platinum-199L D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3

78 Platinum-200 D, all comoounds 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
79 Gold-193 D, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3

except those given
fOfWand Y
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<T~~le1yalu,,~ Table II
Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 CoI.21 Col. 3 Col.t Col. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC ' ..A' -"
Col1cen~

ALI(~Ci) (~G~ml)
tration

(/lCi/mll
W, halides and - 2E+4 9E-6 3E-8 - -
nitrates
y, oxides and - 2E+4 8E-6 3E-8 - -
hydroxides

79 Gold-194 Or sae Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E·4

W, see 'tI->:lAu - 5E+3 2E-6 8E-9 - -
V, see ',,"vAu - 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'l;l.)Au - 1E+3 6E-7 2E-9 - -
Y, see 1';l.;lAu - 4E+2 2E-7 6E-10 - -

79 Gold-198m 0, see Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4

W, see Au - 1E+3 5E-7 2E-9 - -
Y, see 1':1.:1Au - 1E+3 5E-7 2E-9 - -

79 Gold-198 0, 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 Au - 2E+3 7E-7 2E-9 - -

79 Gold-199 0, see Itl.:lAu 3E+3 9E+3 4E-8 1E-8 - -
LLI wall - - - 4E-5 4E-4
(3E+31

W, see Au - 4E+3 2E-8 6E-9 - -
Y, see l::lvAu - 4E+3 2E-6 5E-9 - -

79 Gold-200m 0, see "::>"Au 1E+3 4E+3 1E-8 5E-9 2E-5 2E-4

W, see Au - 3E+3 1E-6 4E-9 - -
Y, see Au - 2E+4 1E-6 3E-9 - -

79 Gold-200' Dr see 1::I'>Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3

W, see '''''Au - 8E+4 3E-5 1E-7 - -

Y, see Au - 7E+4 3E-5 1E-7 - -

79 Gold-201' Dr see ItI,)Au 7E+4 2E+5 9E-5 3E-7 - -
Stwall - - - 1E-3 1E-2
(9E+4)

W, see Au - 2E+5 1E-4 3E-7 - -
Y, see l:1vAu - 2E+5 9E-5 3E-7 - -

80 Mercury-193m Vaoor - 8E+3 4E-6 1E-8 - -
Organic 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 VaDor - 3E+4 1E-5 4E-8 - -
Omanie 0 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
D, see "=Hg 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see ,~mHg - 4E+4 2E-5 6E-8 - -

80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
Omanic 0 2E+1 3E+1 1E-8 4E-11 2E-7 2E·6
Dr see Hg 8E+2 4E+1 2E-8 6E-11 1E-5 1E-4

W,see
mHg - 1E+2 5E-8 2E-10 - -

80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - -
Organic 0 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
D, see '"~"Ha 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4

W, see '~"Ha - 4E+3 2E-6 5E-9 - -
80 Mercury-195 VaDor - 3E+4 1E-5 4E-8 - -

Oraanic 0 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3
0, see mHg 1E+4 4E+4 1E-5 5E-8 2E-4 2E-3
W, see ,,,,.>mHg - 3E+4 1E-5 5E-8 - -

80 Mercury-197m Vaoor - 5E+3 2E-6 7E-9 - -
Oraanic D 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4
D, see Hg 3E+3 7E+3 3E-6 1E-8 4E-5 4E-4
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TatileIVaIU~s. Table 11 Table 111

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. t Col. 2 I >Col. 3 CoLt Col. 2 Monthly
No.

Oral Inhalalion Average

Ingestion PAC ,..n. _"
Water Concen-
(~GVml) 'rationAU (~Ci) M)Vml) (/lCi/ml)

W, see '''''Hg - 5E+3 2E-6 7E-9 - -
80 Mercury-197 VaDar - 8E+3 4E·6 1E·8 - -

Or anic 0 7E+3 1E+4 6E-6 2E-8 9E-5 9E-4
0, see Hg 6E+3 1E+4 5E-6 2E-8 8E-5 8E·4
W, see "~"Hg - 9E+3 4E·6 1E-8 - -

80 Mercury-199m" Vapor - 8E+4 3E-5 1E-7 - -
Organic 0 6E+4 2E+5 7E-5 2E-7 - -

Stwali - - - 1E-3 1E-2
(1E+5)

D, see '''''Ho 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3

W,see ~"Ho - 2E+5 7E-5 2E-7 - -

80 Mercury-203 VaDor - 8E+2 4E-7 1E-9 - -
Or anle 0 5E+2 8E+2 3E-7 1E-9 7E·6 7E-5
0, see l::lSfTlHg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4

W, see '''''Hg - 1E+3 5E-7 2E-9 - -
81 Thaliium-194m" 0, all compounds 5E+4 2E+5 6E-5 2E-7 - .

Stwali - - - 1E-3 1E-2
(7E+4)

81 Thallium-194' 0, all compounds 3E+5 6E+5 2E·4 8E-7 - -
Stwali - - - 4E-3 4E-2
(3E+5l

81 Thailium-195 0, all compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9E-3
81 Thallium-197 0, all compounds 7E+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium-198m' 0, all compounds 3E+4 5E+4 2E-5 8E-8 4E-4 4E-3

81 Thaliium-198 0, all comoQunds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
81 Thaliium-199 0, all comoounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3
81 Thaliium·200 0, all compounds 8E+3 1E+4 5E·6 2E·8 1E-4 1E-3
81 Thallium-201 0, all compounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thailium-202 0, all compounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
81 Thallium-204 0, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E·4
82 Lead-195m' 0, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3
82 Lead-198 0, all comoounds 3E+4 6E+4 3E-5 9E·8 4E-4 4E-3
82 Lead-199 0, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
82 Lead-200 0, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
82 Lead-201 0, all compounds 7E+3 2E+4 8E-6 3E-8 1E-4 1E-3
82 Lead-202m 0, all compounds 9E+3 3E+4 1E-5 4E-8 1E·4 1E-3
82 Lead-202 0, all compounds 1E+2 5E+1 2E-8 7E-11 2E·6 2E-5
82 Lead·203 D, all compounds 5E+3 9E+3 4E-6 1E-8 7E-5 7E·4
82 Lead-205 D, all comoounds 4E+3 1E+3 6E-7 2E-9 5E-5 5E-4
82 Lead-209 D, all comoounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E·3
82 Lead-210 D, all compounds 6E-1 2E-1 1E-10 - - -

Bone surf Bone surf - 6E-13 1E·8 1E-7
(1E+0) (4E-1)

82 Lead-211' D, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3
82 Lead·212 D, all compounds 8E+1 3E+1 1E-8 5E-11 - -

Bone surf - - - 2E·6 2E-5
(1E+2)

82 Lead-214' D, all compounds 9E+3 8E+2 3E-7 1E-9 1E-4 1E-3

83 Bismuth-200 D, nitrates 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3
W, all other - 1E+5 4E-5 1E-7 - -
compounds

83 Bismuth-201 D, see Bi 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see l.WBi - 4E+4 2E-5 5E-8 - -

83 Bismuth-202' D, see ,,:vvBi 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, see "-lABi - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, see Bi 2E+3 7E+3 3E·6 9E-9 3E-5 3E-4

W,see,,:wBi - 6E+3 3E·6 9E-9 - -
83 Bismuth-205 D, see o<vvBi 1E+3 3E+3 1E-6 3E-9 2E-5 2E-4

W, see Bi - 1E+3 5E-7 2E-9 - -
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Taillel Table II Table III
Releases to

V~IU.' Effluent Concentrations
Sewers

Atomic Radionuclide Col. 1 Col.21 ••• Co/.3 Col. 1 Col. 2 Mon/h/y
No.

Oral Inhalalion Average
Ingestion DAC

Waler Concen-

ALlWCi) (~CUI)1I)
(~CUI)1I) •(~rtionCVml)

83 Bismuth-206 D,see Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5

W,see Bi - 9E+2 4E-7 1E-9 - -
83 Bismuth-207 0, see ,,:vuSi 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4

W, see '<Vl.Bi - 4E+2 1E-7 5E-l0 - -

83 Bismuth-210m D,see Bi 4E+1 5E+0 2E-9 - - -
Kidneys Kidneys - 9E-12 8E-7 8E-6
(6E+i) (6E+O)

W, see Ll.AJ8i - 7E-1 3E-10 9E-13 - -

83 Bismuth-210 0, see Bi 8E+2 2E+2 1E-7 - 1E-5 1E-4
- Kidneys - 5E-l0 - -

(4E+2)
W, see LuvSi - 3E+1 1E-8 4E-l1 - -

83 Bismulh-212 D, see Bi 5E+3 2E+2 1E-7 3E-10 7E-5 7E-4
W,see,,(wSi - 3E+2 1E-7 4E-10 - -

83 Bismuth-213
L 0, see LuvBi 7E+3 3E+2 lE-7 4E-10 lE-4 1E-3

W, see Bi - 4E+2 lE-7 5E-1O - -
83 Bismuth-214 D, see LWSi 2E+4 8E+2 3E-7 lE-9 - -

Slwali - - - 3E-4 3E-3
(2E+4l

W, see Bi - 9E-2 4E-7 1E-9 - -
84 Polonium-203" D, 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 Po - 7E+4 3E-5 lE-7 - -
84 Polonium-207 D, see LU..1pO 8E+3 3E+4 lE-5 3E-8 1E-4 lE-3

W, see .<vvpo - 3E+4 1E-5 4E-8 - -
84 Polonium-210 0, see Po 3E+0 6E-l 3E-10 9E-13 4E-8 4E-7

W, see LWpO - 6E-l 3E-l0 9E-13 - -

85 Astatine-207L 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 lE+2 8E+1 3E-8 1E-l0 2E-6 2E-5
W - 5E+1 2E-8 8E-l1 - -

86 Radon-220 With daughters - 2E+4 7E·6 2E-8 - -
removed
With daughters - 2E+l 9E-9 3E-11 - -
present (Of 12 (or 1.0

working working
level level)

months)
86 Radon-222 With daughters - 1E+4 4E-6 lE-8 - -

removed
Wilh daughlers - 1E+2 3E-8 lE-10 - -
present {or 4 (or 0.33

working working
level 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 lE-9 8E·6 8E-5

88 Radium-223 W, all compounds 5E+0 7E-1 3E-10 9E-13 - -
Bone surf - - - lE-7 lE-6

19E+0l
88 Radium-224 W, all compounds 8E+0 2E+0 7E-10 2E-12 - -

Bone surf - - - 2E-7 2E-6
(2E+l)

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-l 3E-10 9E-13 - -
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Tablellvalues
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 Inhalallon Average

Ingestion DAC
Air Water Concen~

(~CVml) (~CVf1ll) tralionALI (~Ci) (~CVml) (/lCi/mll
Bone surf - - - 6E-8 6E-?

(5E+0)
88 Radium-22?' W, all compounds 2E+4 lE+4 6E-6 - - -

8~ne ~~rf 8~ne ~~rf - 3E-8 3E-4 3E-3
2E+4 2E+4

88 Radium-228 W, all compounds 2E+0 lE+O 5E-1O 2E-12 - -
Bone surf - - - 6E-8 6E-?

14E+Ol
89 Actinium-224 D, all compounds 2E+3 3E+l lE-8 - - -

except those given LLI wall Bone surf - 5E-l1 3E-5 3E-4
forWandY (2E+3) (4E+l)
W, halides and - 5E+l 2E-8 ?E-l1 - -
nitrates
y, oxides and - 5E+l 2E-8 6E-ll - -
hydroxides

89 Actinium-225 D, see EL~Ac 5E+l 3E-l lE-l0 - - -
LLI wall Bone surf - ?E-13 ?E-? ?E-6
(5E+l) (5E-l)

W, see LL4Ac - 6E-l 3E-l0 9E-13 - -
Y, see ZL4Ac - 6E-1 3E-l0 9E-13 - -

89 Actinium-226 D, see Ac 1E+2 3E+0 1E-9 - - -
LLI wall Bone surf - 5E-12 2E-6 2E-5
(lE+2) (4E+0)

W,see
ZL4

Ac - 5E+0 2E-9 ?E-12 - -
y, see Ac - 5E+0 2E-9 6E-12 - -

89 Actinium·227 0, see Ac 2E-l 4E-4 2E-13 - - -
Bone surf Bone surf - 1E-15 5E-9 5E-8

(4E-l) (8E-4)
W, see LL4Ac - 2E-3 ?E-13 - - -

- Bone surf - 4E-15 - -
(3E-3)

Y, see [L~Ac - 4E-3 2E-12 6E-15 - -
89 Actinium-228 0, saeu'Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4

- Bone surf - 2E-1l - -
(2E+l)

W, see LL4Ac - 4E+1 2E-8 - - -
- 8~ne ~~rf - 8E-1l - -

6E+l
y, see "I.Z"1Ac - 4E+l 2E-8 6E-11 - -

90 Thorium-226..( W, all compounds 5E+3 2E+2 6E-8 2E-l0 - -
except those given

~tw~~ - - - ?E-5 ?E-4
for Y 5E+3
Y, oxides and - lE+2 6E-8 2E-l0 - -
hydroxides

90 Thorium-227 W,see Th lE+2 3E-l lE-l0 5E-13 2E-6 2E-5

Y, see ""Th - 3E-l lE-l0 5E-13 - -
90 Thorium-228 W,see 'Th 6E+0 1E-2 4E-12 - - -

B~ne ~~rf 8~;ne ~~rf - 3E-14 2E-? 2E-6
lE+l 2E-2

Y, see ""Th - 2E-2 ?E-12 2E-14 - -
90 Thorium-229 W,see "Th 6E-1 9E-4 4E-13 - - -

8?lne ~~rf 8~,ne ~~rf - 3E-15 2E-8 2E-?
lE+O 2E-3

Y, see ""Th - 2E-3 1E-12 - - -
- Bone surf - 4E-15 - -

(3E-3)
90 Thorium-230 W, see E"'Th 4E+0 6E-3 3E-12 - - -

8?qne sn~rf 8~:ne ~~rf - 2E-14 lE-? lE-6
9E+0 2E-2

Y,see Th - 2E-2 6E-12 - - -
- Bone surf - 3E-14 - -

(2E-2)
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T~blel V~lue~ Table II
Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide CoLI Co/.2/1·/CoI.3 Co/.1 Col. 2 Mo~lh/y
No.

Oral Inhalation Average
Ingeslion

Concen-

@inll) tration
ALI(~Ci)

(/lCVmQ
90 Thorium-231 W,see 'Th 4E+3 6E+3 3E-6 9E-9 5E-5 5E·4

Y, see ih - 6E+3 3E-6 9E-9 - -
90 Thorium-232 W, see u"Th 7E-1 1E-3 5E-13 - - -

Bone surf Bone surf - 4E-15 3E-8 3E-7
(2E+Ol (3E-31

Y, see uOTh - 3E-3 1E-12 - - -
- Bone surf - 6E-15 - -

(4E-31
90 Thorium-234 W,see 'Th 3E+2 2E+2 8E-8 3E-10 - -

LLI wall - - - 5E-6 5E-5
(4E+21

Y, see u"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
2 except those given

for Y
y, oxides and - 1E+2 4E-8 1E-10 - -
hydroxides

91 Protactinium- W,see Pa 1E+3 1E+1 5E-9 - 2E-5 2E·4
228 - Bone surf - 3E-11 - -

(2E+1)
Y, see ,('~"Pa - 1E+1 5E-9 2E-11 - -

91 Protactinium- W, see """'Pa 6E+2 5E+0 2E-9 7E-12 - -
230 Bone surf - - - 1E-5 1E-4

(9E+2)
Y, see LLlpa - 4E+0 1E-9 5E-12 - -

91 Protactinium- W,see Pa 2E-1 2E-3 6E-13 - - -
231 Bone surf Bone surf - 6E-15 6E-9 6E-8

(5E-1l (4E-31
y, see «""'Pa - 4E-3 2E-12 - - -

- Bone surf - 8E-15 - -
(6E-31

91 Protactinium- W, see a'Pa 1E+3 2E+1 9E-9 - 2E-5 2E-4
232 - Bone surf - 8E-11 - -

(6E+1)
V, see a/pa - 6E+1 2E-8 - - -

- Bone surf - 1E-10 - -
(7E+1)

91 Protactinium- W,see Pa lE+3 7E+2 3E-7 1E-9 - -
233 LLI wall - - 2E-5 2E-4

(2E+3)
V, see Pa - 6E+2 2E-7 8E-10 - -

91 Protactinium- W,see Pa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
234 V, see alpa - 7E+3 3E-6 9E-9 - -

92 Uranium-230 D, UF6 , UOl F2, 4E+0 4E-1 2E-10 - - -
UO,(NO,), Bone surf Bone surf - 8E-13 8E·8 8E-7

(6E+0) (6E-1 )
W, UO" UF" UCI, - 4E-1 1E-1O 5E-13 - -
Y, U02 , U30 S 3E-1 lE-10 4E-13 - -

92 Uranium-231 0, see <:.:IVU 5E+3 8E+3 3E-6 1E-8 - -
LLI wall - - - 6E-5 6E-4
(4E+31

W, see L,wU - 6E+3 2E-6 8E-9 - -
Y, see .!.:>VU - 5E+3 2E-6 6E-9 - -

92 Uranium~232 D, see.e., U 2E+0 2E-1 9E-11 - - -
Bone surf Bone surf - 6E-13 6E·8 BE-7

14E+0l (4E-1)
W, see .e.vvU - 4E-1 2E-10 5E-13 - -

Y,see U - 8E-3 3E-12 1E-14 - -
92 Uranium-233 D, see .!.:>VU 1E+1 1E+0 5E-1O - - -

Bone surf Bone surf - 3E-12 3E-7 3E-6
(2E+1) (2E+0)
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T~~I~. Tabl~ II Tabl~ III

l:ff1uent Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col? 1< Col. 3 Col. 1 COl. 2 Monthly
No.

Oral Average

Ingestion Concen~

(~Cilml)· tratiO~1
••••

ALI (~CI) (/ICilml
W, see L;;)UU - 7E-l 3E-l0 1E-12 - -
Y, see L,wU - 4E-2 2E-l1 SE-14 - -

92 Uranium-234-> D, see ·'"U 1E+l lE+O SE-1O - - -
B~ne ~~rf B~ne ~~rf - 3E-12 3E-7 3E-6

2E+1 2E+O
W, see L.jlJU - 7E-l 3E-l0 lE-12 - -
Y,see'.:.I U - 4E-2 2E-ll SE-14 - -

92 Uranium-235 0, see U lE+l 1E+O 6E-l0 - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

(2E+ll (2E+O)
W, see L.>VU - 8E-l 3E-l0 lE-12 - -
Y, see U - 4E-2 2E-ll 6E-14 - -

92 Uranium-236 0, see U 1E+1 1E+O SE-1O - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

12E+1\ 12E+0l
W,see U - 8E-l 3E-l0 1E-12 - -
Y, see L&lU - 4E-2 2E-ll 6E-14 - -

92 Uranium-237 D, see L6UU 2E+3 3E+3 lE-6 4E-9 - -
LLI wall - - - 3E-S 3E-4
(2E+3)

W, see L,jUU - 2E+3 7E-7 2E-9 - -
Y, see L.>VU - 2E+3 6E-7 2E-9 - -

92 Uranium-238 D, see U lE+l lE+O 6E-l0 - - -
Bone surf Bone surf - 3E-12 3E-7 3E-6

12E+l\ 12E+O\
W, see .ooU - 8E-l 3E-l0 1E-12 - -
Y,see U - 4E-2 2E-ll 6E-14 - -

92 Uranium-239L D, see L&lU 7E+4 2E+S 8E-S 3E-7 9E-4 9E-3
W, see .ooU - 2E+S 7E-S 2E-7 - -
Y,see U - 2E+S 6E-S 2E-7 - -

92 Uranium-240 D, see L;IDU 1E+3 4E+3 2E-6 SE-9 2E-S 2E-4

W, see ""U - 3E+3 lE-6 4E-9 - -
Y, see L,;)<"U - 2E+3 lE-6 3E-9 - -

92 Uranium- 0, see U 1E+1 lE+O SE-l0 - - -
natural3 Bone surf Bone surf - 3E-12 3E-7 3E-6

12E+1\ (2E+O)
W, see .ooU - 8E-1 3E-l0 9E-13 - -
Y, see U - SE-2 2E-l1 9E-14 - -

93 Neptunium- W, all compounds 1E+S 2E+3 7E-7 - 2E-3 2E-2
232' - Bone surf - 6E-9 - -

ISE+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 lE-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) (lE+3)

93 Neptunium-236 W, all compounds 3E+O 2E-2 9E-12 - - -
(l.lSE+Sy) B~ne So~rf B~~e ~~rf - 8E-14 9E-8 9E-7

6E+O SE-2
93 Neptunium- W, all compounds 3E+3 3E+l 1E-8 - - -

236m (22.S h) Bone S3~rf Br7ne surf - lE-l0 SE-S SE-4
(4E+3 7E+l)

93 Neptunium-237 W, all compounds SE-l 4E-3 2E-12 - - -
Bone surf Bone surf - lE-14 2E-8 2E-7

(1 E+O) (1E-2)
93 Neptunium~238 W, all compounds 1E+3 6E+l 3E-8 - 2E-S 2E-4

- Bone surf - 2E-l0 - -
(2E+2)

93 Neptunium-239 W, all com ounds 2E+3 2E+3 9E-7 3E-9 - -
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•ra~I~lvalues. Ta~le II Ta~lelII

EffilIenl Concentrations Releases to
Sewers

Atomic Radionuclide Col. 1 Col. 2 I" Col. 3 Col. 1 COl. 2 Monthly
No.

Oral Inhalation Average

Ingestion DAC Water Concen~

(~CVml) trationALI (~Ci) (~CVml) {pCi/mlJ
LLI wall - - - 2E-5 2E-4
(2E+3)

93 Neptunium- W, all compounds 2E+4 8E+4 3E-5 lE-7 3E-4 3E-3
2402

94 Plutonium-234 W, all compounds 8E+3 2E+2 9E-8 3E-l0 lE-4 lE-3
except PU02
Y,PuO, - 2E+2 8E-8 3E-l0 - -

94 Plutonium-2354 W, see"'~pu 9E+5 3E+6 lE-3 4E-6 lE-2 lE-l

Y,see Pu - 3E+6 lE-3 3E-6 - -
94 Plutonium-236 W, see L,)'lpU 2E+0 2E-2 8E-12 - - -

Bone surf Bone surf - 5E-14 6E-8 6E-7
(4E+0) (4E-2)

Y, see Pu - 4E-2 2E-ll 6E-14 - -
94 Plutonium-237 W, see L.)GPU 1E+4 3E+3 lE-6 5E-9 2E-4 2E-3

Y, see b>< Pu - 3E+3 lE-6 4E-9 - -
94 Plutonium-238 W,see Pu 9E-l 7E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
(2E+0l (1 E-2)

Y, see "'''''"Pu - 2E-2 8E-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+0l I1E-21

Y, see """Pu - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

(2E-2)
94 Plutonium-240 W, see '<:.:>'lpu 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 - -

12E-2)
94 Plutonium-241 W,see Pu 4E+1 3E-1 lE-l0 - - -

Bone surf Bone surf - 8E-13 lE-6 1E-5
17E+l1 (6E-l)

Y, see "'''''Pu - 8E-l 3E-l0 - - -
- B~ne s~~rt - lE-12 - -

lE+O
94 Plutonium-242 W,see,c.;><lpu 8E-l 7E-3 3E-12 - - -

Bone ~~rt Bone surf - 2E-14 2E-8 2E-7
(lE+O (lE-2)

Y, see L,)"PU - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

(2E-2)
94 Plutonium-243 W,see Pu 2E+4 4E+4 2E-5 5E-8 2E-4 2E-3

V, see L.jLPU - 4E+4 2E-5 5E-8 - -
94 Plutonium-244 W, see'<'< Pu 8E-l 7E-3 3E-12 - - -

Bone surf Bone surf - 2E-14 2E-8 2E-7
(2E+Ol (1 E-2l

Y, see '<'.Jo',Pu - 2E-2 7E-12 - - -
- Bone surf - 2E-14 - -

(2E-2)
94 Plutonium-245 W, see L~PU 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4

Y, see '<'.Jo',Pu - 4E+3 2E-6 6E-9 - -
94 Plutonium~246 W, see Pu 4E+2 3E+2 lE-7 4E-l0 - -

LLI wall - - - 6E-6 6E-5
(4E+2)

Y, see '<'.>'i pu - 3E+2 lE-7 4E-l0 - -
95 Americium- W, all compounds 8E+4 3E+5 lE-4 4E-7 lE-3 lE-2

237'
95 Americiurn- W, all compounds 4E+4 3E+3 lE-6 - 5E-4 5E-3

44



• Tabl\values
Table II Table III

Effluent Concentrations Releases to
Sewers

Atomic Radionuclide Col. I CO/.2 Co/.3 Co/.f CO/.2 Mon/h/y
No. Oral Inhalation Average

Ingestion DAC
Waler Concen-
(~CVml) Iralian

AL!(~Ci) (~CVml) (IlCVm/1
238' - Bone surf - 9E-9 - -

(6E+31
95 Americium-239 W, all comoounds 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
95 Americium-240 W, all comoounds 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
(1E+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+Ol (1 E-21

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
(1 E+Ol (1 E-2)

95 Americium~ W, all compounds 6E+4 4E+3 2E-6 - - -
244m

2 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
- Bone surf - 4E-10 - -

(3E+21

95 Americium-245 W, all compounds 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 Curium-240 W, all compounds 6E+1 6E-1 2E-10 - - -

Bone surf B~€ne 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
- Br,ne 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 Cur[um-243 W, all compounds 1E+O 9E-3 4E-12 - - -
Bone surf Bone 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+0l (2E-21

96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone surf Bone surf - 2E-14 2E-8 2E-7

(1E+O) (1 E-2)
96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 - - -

B~te s)~rf B~~e surf - 2E-14 2E-8 2E-7
1E+O 1E-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 - - -
Bone surf Bone 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 - -

13E+41
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
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f~l)lel Table II T~ble III

value~ .•.•• Effluent yoncentraUons Releases to
Sewers

Atomic Radionuclide Col. ! Col. 2 JCo/.3 Col.! Co/.2 Monthly
No.

Or~1 . Inhal~lIon Average
Air W~ler Concen w

Ingestion DAC
(~CUml) (~CUml) (~'fti07,)A~I (~Cj) (~<;Vml) CVml

97 Berkelium w 246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 8erkeljum~247 W, all compounds 5E-1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
I1E+0\ 19E-3\

97 Berkelium w 249 W, all compounds 2E+2 2E+0 7E-10 - -
Bone surf Bone surf - 5E-12 6E-6 6E-5

(5E+2) (4E+0)
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-1O - -
244

2 except those given Stwall - - - 4E-4 4E-3
lor Y (3E+4)
Y, oxides and - 6E+2 2E-7 8E-1O - -
hvdroxide~

98 Californium·246 W, ~ee '~Cf 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5

V, see Cf - 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,ses 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

- (1E-2\ - 2E-14 - -
98 Californium-250 W, ~ee '''''Cf 1E+0 9E-3 4E-12 - - -

Bone surf Bone surf - 3E-14 3E-8 3E-7
12E+0) 12E-2)

Y,see Cf - 3E-2 1E-11 4E-14 - -
98 Californlum-251 W, ~ee" Cf 5E-1 4E-3 2E-12 - - -

Bone surf Bone surf - 1E-14 2E-8 2E-7
(1 E+O) (9E-3)

Y, ~ee m CI - 1E-2 4E-12 - - -
- Bone surf - 2E-14 - -

11 E-2\
98 Californiurn-252 W, see CI 2E+0 2E-2 8E-12 - - -

Bone surf Bone surf - 5E-14 7E-8 7E-7
(5E+0) (4E-2)

Y, ~ee '""CI - 3E-2 1E-11 5E-14 - -
98 Californium-253 W,see CI 2E+2 2E+0 8E-10 3E-12 - -

Bone surf - - - 5E-6 5E-5
(4E+2)

Y, ~eemCI - 2E+0 7E-10 2E-12 - -
98 Californium·254 W,see CI 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7

Y,see CI - 2E-2 7E-12 2E-14 - -
99 Einsteinium- W, all compounds 4E+4 5E+2 2E-7 - 6E-4 6E-3

250 - Bone surf - 2E-9 - -
(1E+31

99 Einsteinium- W, all compounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
251 - Bone surf - 2E-9 - -

I1E+31
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+21

99 Einsteinium- W, all compounds 8E+0 7E-2 3E-11 - - -
254 Bone surf Bone surf - 2E-13 2E-7 2E-6

(2E+1) (1 E-1)

100 Fermium-252 W, all compounds 5E+2 1E+1 5E-9 2E-11 6E-6 6E-5
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T~blel. Table II Table III
Releases to

I val~~s Effluent Concentrations Sewers
Atomic Radionuclide Col. 1 Col. 2 + COl. 3 Col. 1 Col. 2 Monthly

No.
Oral Inh~lation Average

Ingestion DAC
Water Concen-
(~CVml) tration

ALI (~Ci) (~CVml) (vCilmlJ
100 Fermium-253 W, all compounds 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-1O 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
15E+1\ 13E-1\

- Any single Submersion - 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
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-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
radionuclide in
the mixture is
not known

ENDNOTES:

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 gSubmersion,~ 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 I-lCilml 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 1200-02-05-.52.)
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3 For soluble mixtures of U-238, U-234, and U-235 in air, chemicai toxicity may be the iimiling faclor (see 1200-02-05-.50(5)). 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) ~Ci·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.SE-7 curies/gram U U-depleted

SA = [0.4 + 0.3S (enrichment) + 0.0034 (enrichment)'] E-S, 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

•• Table
l
Value"

Table III
Table II Releases to

Effluent Concentrations Sewers

Atomic No. Radionuclide
Col. 1 I Col. 2 > I . CoI_3 Col.1 Col. 2

MonthlyInhalation
Oral Water

Aver~ge

Ingestion
NCUnJlj

(~CUml)
Concentration

ALI (wCi) (/lCi/mlj

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 that Ac-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-24S-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-23S-Y, U-238-Y, Np-23S-W, Pu-
23S-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-21 0-0, Bi- - 7E-1 3E-10 - - -
210m-W, Po-210-D, W, Ra-223-W, Ra-225-
W, Ra-22S-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-SO-D, Sr-90-Y, Zr-93-D, Cd-113m-D,
Cd-113-D, In-115-D, W, La-138-D, Lu-17S-W,
Hf-178m-D, W, Hf-182-D, W, Bi-210m-D, Ra-
224-W, Ra-228-W, Ac-22S-D, W, Y, Pa-230-
W, Y, U-233-D, W, U-234-D, W, U-235-D, W,
U-23S-D, W, U-23B·D, W, Pu-241-Y, Bk-249-
W, Cf-253-W, Y, and Es-253-W are not

! present
if 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 oresent
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Table III
Table I Table II Releases to

Occupational Values Effluent Concentrations Sewers

Atomic No. Radionuclide Class
Col. 1 Col. 2 I Col. 3 Col. 1 Col. 2

MonthlyInhalation
Oral Air Water Average

Ingestion ALI (~Ci)
DAC

(~CVml) (~CVml)
Concentration

ALI (~Cj)
(~CVml) (pCilmQ

If, in addition, it is known that Sm-146-W, Gd· - - - 1E-13 - -
148-D, W, Gd-152-D, Th-228W, Y, Th-230-
W, Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, U-Nal-Y, Np-236W, Np-
237-W, Pu-236W, Y, Pu-238W, Y, Pu-239-
W, Y, Pu-240W, Y, Pu-242-W, Y, Pu-244W,
Y, Am-241W, Am-242m-W, Am-243W, Cm-
243W, Cm-244W, Cm-245W, Cm-246W,
Cm-247-W, Bk-247-W, Cf-249-W, Y, Cf-250-
W, Y, Cf-251-W, Y, Cf-252-W, Y, and Cf-254-
W, Yare not oresent
If, in addition, it is known that Sm-147-W, Gd- - - - 1E-12 - -
152-W, Pb-210-D, Bi-210mW, Po-210-D, W,
Ra-223-W, Ra-225W, Ra-226W, Ae-225-D,
W, Y, Th-227-W, Y, U-230-D, W, Y, U-232-D,
W, U-NatW, Pu-241-W, Cm-240-W, Cm-242-
W, Cf-248W, Y, Es-254-W, Fm-257-W, and
Md·258-W are not present
If, in addition it is known that Fe-60, Sr-90. - - - - 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,
Ae-225, Th-228, Th-230, U-233, U-234, U-
235, U-236, U-238, U-Nat, Cm-242, Cf-248,
Es-254, Fm-257, and Md-258 are not oresent

3. If a mixture of radlonuchdes consists of uranium and Its daughters In ore dust (1 0 ~m AMAD particle dlstrlbutlon assumed) prtor to
chemical separation of the uranium from the are, the following values may be used for the DAC of the mixture: 6E-11 ~ICi of gross alpha
activity from uranium-238, uranium·234, thorium-230, and radium-226 per milliliter of air; 3E-11 J.lCi 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 radionuclides "A:' "S:' and "C" are present in concentrations CA, CB, and Ce, 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

Ce
+--------

DACe

:;1

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

New Rules

Chapter 1200-02-05 is amended by adding new ruies 1200-02-05-.127 Disposal of Certain Byproduct Material
and 1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits. The new rules shall read as follows:

Table of Contents

1200-02-05-.127 Disposal of Certain Byproduct Material
1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits

(1) Licensed material as defined in subparagraphs (c) and (d) of the definition of Byproduct material set forth
in Rule 1200-02-05-. 32(11) may be disposed of in accordance with Chapter 1200-02-11, even though it is
not defined as low-level radioactive waste. Therefore, any licensed byproduct material being disposed of
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at a facility, or transferred for ultimate disposal at a facility licensed under Chapter 1200-02-11, must meet
the requirements of Rule 1200-02-05-.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 1200-02-05-.32(11), 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.C.A. §§ 68-202-201 et seq. and 4-5-201 et seq

1200-02-05-.146 Reports to Individuals of Exceeding Dose Limits.

When a licensee or registrant is required by Rule 1200-02-05-.143 or 1200-02-05-.144 to report to the Division
any exposure of an identified occupationaHy exposed individual, or an identified member of the public, to radiation
or radioactive material, the licensee or registrant shaH 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.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

Chapter 1200-02-07
Use of Radionuclides in the Healing Arts

Amendments

Paragraph (32) of Rule 1200-02-07-.05 Definitions is amended by deleting the paragraph and substituting the
foHowing so that, as amended, paragraph (32) shaH read as foHows:

(32) Reserves "Radioactive drug" means any chemical compound containing radioactive material that may be
used on or administered to patients or human research subjects as an aid in the diagnosis, treatment, or
prevention of disease or other abnormal condition.

Rule 1200-02-07-.05 Definitions is amended by adding new paragraph (45) so that, as amended, paragraph (45)
shall read as follows:

(45) "Positron Emission Tomography (PET) radionuclide production facility' is defined as a facility operating a
cyclotron or accelerator for the purpose of producing PET radionuclides.

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

Rule 1200-02-07-.14 Notifications is amended by deleting the rule and substituting the following so that, as
amended, Rule 1200-02-07-.14 shall read as follows:

1200-02-07-.14 Notifications.

(1) A licensee shaH provide to the Division a copy of the board certification, the Nuclear RegUlatory
CommiSSion, Agreement State or Licensing State license, or the permit issued by a licensee of broad
scope for each individual no later than thirty (30) days after the date that the Licensee permits the
individual to work as an authOrized user, an authorized nuclear pharmacist or an authorized medical
physicist, pursuant to Rule 1200-02-07-.13(1 )(b).

1-'4(2) A licensee shaH notify the Division no later than thirty days after:

(a) An authorized user, an authorized nuclear pharmacist, a radiation safety officer, or an authorized
medical physicist permanently discontinues performance of duties under the license or has a
name change;

(b) The licensee's mailing address changes;
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(c) The licensee's name changes, but the name change does not constitute a transfer of control of
the license as described in Rule 1200-02-10-.16(2); or

(d) The licensee has added to or changed the areas of use identified in the application or on the
license where radioactive material is used under either Rule 1200-02-07-.38 or 1200-02-07-.40.

~(3i The licensee shall send the documents required in this rule to the Division at the address listed in Rule
1200-02-04-.07(1 )(c).

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

Paragraph (4) of Rule 1200-02-07-.15 Exemptions Regarding Specific Licenses of Broad Scope is amended by
deleting "1200-02-07-.14(1 )(al" between the word "of' and "regarding" and replacing it with "Rule 1200-02-07
.14(2)(al" so that, as amended, paragraph (4) shall read as follows:

(4) The provisions of 1200 02 07 .14(1)(a) Rule 1200-02-07-.14(2)(a) regarding notification to the Division for
new authorized users, new authorized medical physicists and new authorized nuclear pharmacists;

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

Subpart (ii) of part 2 of subparagraph (b) of paragraph (1) of Rule 1200-02-07-.23 Training of Radiation Safety
Officer is amended by adding "Rule 1200-02-07-.26," between the word "under" and "1200-02-07-.43" so that, as
amended, subpart (ii) shall read as follows:

(ii) In clinical nuclear medicine facilities providing diagnostic and/or therapeutic
services under the direction of physicians who meet the requirements for
authorized users under Rule 1200-02-07-.26, 1200-02-07-.43 or 1200-02-07-.47;
and

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

Part 2 of subparagraph (b) of paragraph (1) of Rule 1200-02-07-.24 Training for Authorized Medical Physicist is
amended by adding "Rule 1200-02-07-.26," between the word "in" and "1200-02-07-.59" so that, as amended,
part 2 shall read as follows:

2. In clinical radiation facilities providing high energy, external beam therapy (photons and
electrons with energies greater than or equal to 1 million electron volts) and
brachytherapy services under the direction of physicians who meet the requirements for
authorized users in Rule 1200-02-07-.26, 1200-02-07-.59 or 1200-02-07-.80; and

SUbparagraph (b) of paragraph (2) of Rule 1200-02-07-.24 Training for Authorized Medical Physicist is amended
by deleting the subparagraph and substituting the following so that, as amended, subparagraph (b) shall read as
follows:

(b) Has obtained written attestation that the individual has satisfactorily completed the requirements
in sUbparagraphs (1)(a) and (1)(b) and paragraph (3), or subparagraph (2)(a) and paragraph (3)
of this rule, and has achieved a level of competency sufficient to function independently as an
authorized medical physicist for each type of therapeutic medical unit for which the individual is
requesting authorized medical physicist status. The written attestation must be signed by a
preceptor authorized medical physicist who meets the requirements in Rule 1200-02-07-.24, Rule
1200-02-07-.26 or equivalent U.S. Nuclear Regulatory Commission or Agreement State
requirements for an authorized medical physicist for each type of therapeutic medical unit for
which the individual is requesting authorized medical physicist status; and

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

Rule 1200-02-07-.26 Training for Experienced Radiation Safety Officer, Teletherapy or Medical Physicist,
Authorized User, and Nuclear Pharmacist is amended by adding paragraph (3) which shall read as follows:
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(3) Individuals who need not comply with training requirements as described in this rule may serve as
preceptors for, and supervisors of, applicants seeking authorization on Division or NRC licenses for the
same uses for which these individuals are authorized.

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

Rule 1200-02-07-.30 Determination of Dosages of Unsealed Radioactive Material for Medical Use is amended by
deleting the rule and substituting the following so that, as amended, Rule 1200-02-07-.30 shall read as follows:

1200-02-07-.30 Determination of Dosages of Unsealed Radioactive Material For Medical Use.

(1) A licensee shall determine and record the activity of each dosage before medical use.

(2) For a unit dosage, this determination must be made by:

(a) Direct measurement of radioactivity; or

(b) A decay correction, based on the activity or activity concentration determined by:

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State requirements; or

2. An Agreement State or U.S. Nuclear Regulatory Commission licensee for use in research
in accordance with a radioactive drug research committee-approved protocol or an
investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA).

3. A PET radioactive drug producer licensed under Rule 1200-02-10-.11(8) or equivalent
Agreement State requirements.

(3) For other than unit dosages, this determination must be made by:

(a) Direct measure'ment of radioactivity;

(b) Combination of measurement of radioactivity and mathematical calcuiations; or

(c) Combination of volumetric measurements and mathematical calculations, based on the
measurement made by: a Fl'laA~rast~FeF eF pFepaFeF liseAsee ~AeeF 1:W0 0210 .1J(1O) eF
e(l~i,'aleAt U.S. ~J~sleaF Reg~latsF)' CSFl'lFl'lissiSA SF ,A,gFeeFl'leAI Slate Fe(l~iFeFl'leAls.

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State reqUirements; or

2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivaient
U.S. Nuclear Regulatory Commission or Agreement State requirements.

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

Paragraph (1) of Rule 1200-02-07-.38 Use of Unsealed Radioactive Material for Uptake, Dilution, and Excretion
Studies for Which a Written Directive is Not Required is amended by deleting the paragraph and substituting the
following so that, as amended, paragraph (1) shall read as follows:

(1) Except for quantities that require a written directive under Rule 1200-02-07-.20(2), a licensee may use
any unsealed radioactive material, prepared for medical use for uptake, dilution, or excretion that is:

(a) Obtained from: a Fl'laA~rast~FeF SF pFepaFeF liseAsee ~AeeF 1200 0210.13(10) SF e(lwivaleAI U.S.
~1~sleaF Reg~lalsry CSFl'lFl'lissiSA SF AgFeeFl'leAI Slale Fe(l~iFeFl'leAls; SF

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent U.S.
Nuclear Regulatory Commission or Agreement State requirements; or
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2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
Agreement State requirements; or

(b) Pfellafee lly aR a~IAllfi;!ee R~sleaf IlAafFRasisl, a IlAysisiaR '....All is aR a~IAElfi;!6e ~sef aRe '....AEl
FReels IAe feq~ifeFReRIS sllesiliee iR 12Q0 02 07.43 Elf 12000207.47 aRe 12Q0 02 07
.4J(1)(sj1(ii)(VII), Elf aR iRei\'ie~al ~Reef IAe s~lleP,'isiElR, as sllesifiee iR 12000207.19, Elf
Excluding production of PET radlonuclides, prepared by:

1. An authOrized nuclear pharmacist;

2. A physician who Is an authorized user and who meets the requirements specified in Rule
1200-02-07-.43, or Rule 1200-02-07-.47 and Rule 1200-o2-07-.43(1)(c)1(ii)(VII); or

3. An individual under the supervision, as specified in Rule 1200-02-07-.19, of the
authorIZed nuclear pharmacist in part 1 of this subparagraph or the physician who is an
authorized user in part 2 of this subparagraph; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear RegUlatory Commission
licensee for use in research in accordance with a radioactive drug research committee-approved
protocol or an investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA); or

(d) Prepared by the licensee in accordance with a Radioactive Drug Research Committee approved
application or an Investigational New Drug (IND) protocol accepted by Food and Drug
Administration (FDA) for use in research.

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

Subpart (ii) of Part 1 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.39 Training for Uptake, Dilution,
and Excretion Studies is amended by adding "Rule 1200-02-07-.26," between the words "in" and "1200-02-07-.39"
so that, as amended, subpart (ii) shall read as follows:

(ii) Work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.39, 1200-02-07-.43, or 1200
02-07-.47 or equivalent U.S. Nuclear Regulatory Commission or agreement State
requirements, involving:

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.39 Training for Uptake, Dilution, and Excretion
Studies is amended by adding "Rule 1200-02-07-.26," between the words "in" and "1200-02-07-.39" so that, as
amended, part 2 shall read as follows:

2. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.39, 1200-02-07-.43, or 1200-02-07
.47 or equivalent Agreement State or U.S. Nuclear RegUlatory Commission requirements,
that the individual has satisfactorily completed the requirements in parts (1)(a)1 or (1)(c)1
of this rule and has achieved a level of competency sufficient to function independently
as an authorized user for the medical uses authorized under Rule 1200-02-07-.38.

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

Paragraph (1) of Rule 1200-02-07-.40 Use of Unsealed Radioactive Material for Imaging and Localization Studies
for Which a Written Directive is Not Required is amended by deleting the paragraph and substituting the following
so that, as amended, paragraph (1) shall read as follows:

(1) A licensee may use, for imaging and localization studies, any radioactive material prepared for medical
use, in quantities that do not require a written directive as described in Rule 1200-02-07-.20(2) that is:
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(a) Obtained from: a maAijfaslijF8F eF IlFBllaFeF lisBAsec:l ijAdBF CRalltBF 12gg g2 19 .13(1g) eF
BllijivalBAt FBgijlalieAs ef aAetRBF AgFeBmBAt StatB eF Y.S. ~lijslBaF RBgijlaleFY CemmiSSKlA
FBllijiFBmBAls; eF

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent
regulations of another Agreement State or U.S. Nuclear Regulatory Commission
requirements; or

2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11(8) or equivalent
Agreement State requirements; or

(b) Excluding production of PET radionuclides prepared by an authorized nuclear pharmacist, a
physician who is an authorized user and who meets the requirements specified in Rule 1200-02
07-.43, or Rule 1200-02-07-.47 and Rule 1200-02-07-.43(1)(c)1(ii)(VII), or an individual under the
supervision of either as specified in Rule 1200-02-07-.19; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear Regulatory Commission
licensee for use in research in accordance with a radioactive drug research commillee-approved
protocol or an investigational new drug (IND) protocol accepted by Food and Drug Administration
(FDA); or

(d) Prepared by the licensee for use in research in accordance with a radioactive drug research
committee-approved application or an investigational new drug (IND) protocol accepted by Food
and Drug Administration (FDA).

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

Paragraph (1) of Rule 1200-02-07-.41 Radionuclide Contaminants is amended by deleting the paragraph and
sUbstituting the following so that, as amended, paragraph (1) shall read as follows:

(1) A licensee shall not administer to humans a Fadjeasli'/B dFijg seAlaiAiAg radiopharmaceutical that
contains:

(a) More than 0.15 kilobecquerel of molybdenum-99 per megabecquerel of technetium-99m (0.15
~Ci of Mo-99 per mCi of Tc-99m); or

(b) More than 0.02 kilobecquerel of strontium-82 per megabecquerel of rubidium-82 chloride injection
(0.02 ~Ci of Sr-82 per mCi of Rb-82 chloride); or more than 0.2 kilobecquerel of strontium-85 per
megabecquerel of rubidium-82 chloride injection (0.2 ~Ci of Sr-85 per mCi of Rb-82).

(s) Mel'll IRaA g.2 kiletleSllijBFel ef stFeAliijm 05 lleF megatlesllijBFBI ef Fijtlic:liijm 112 sRleFide iAjeslieA
(g.2 IlCi el SF 85 IlBF mCi ef Rtl 82).

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

Subpart (ii) of Part 1 of SUbparagraph (c) of paragraph (1) of Rule 1200-02-07-.43 Training for Imaging and
Localization Studies is amended by adding ", Rule 1200-02-07-.26," between the words "rule" and ·or" so that, as
amended, subpart (ii) shall read as follows:

(ii) Work experience, under the supervision of an authorized user, who meets the
requirements in this rule, Rule 1200-02-07-.26, or item (VII) of this subpart and
Rule 1200-02-07-.47 or equivalent Agreement State or U.S. Nuclear Regulatory
Commission requirements, involving:

Part 2 of SUbparagraph (c) of paragraph (1) of Rule 1200-02-07-.43 Training for Imaging and Localization Studies
is amended by deleting the part and substituting the following so that, as amended, part 2 shall read as follows:

2. Has obtained wrillen allestation, signed by a preceptor authorized user who meets the
requirements in this rule, Rule 1200-02-07-.26, or Rule 1200-02-07-.47 and item 1(ii)(VII)
of this subparagraph or equivalent Agreement State or U.S. Nuclear Regulatory
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Commission requirements, that the individual has satisfactorily completed the
requirements in parts (a)1 or (c)1 of this paragraph and has achieved a level of
competency sufficient to function independently as an authorized user for the medical
uses authorized under Rules 1200-02-07-.38 and 1200-02-07-.40.

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

Paragraph (1) of Rule 1200-02-07-.44 Use of Unsealed Radioactive Material for Which a Written Directive is
Required is amended by deleting the paragraph and sUbstituting the following so that, as amended, paragraph (1)
shall read as follows:

(1) A licensee may use any unsealed radioactive material for diagnostic or therapeutic medical use for which
a written directive is reqUired that has been:

(a) Obtained from: a R'laRlllaGlllr8r 9r ~r8~ar8r liG8RS8g IlRg8r 12QQ Q2 Q7 1Q .1J(1Q) 9r 8qlli'lal8RI
A!jr88R'l8RI Slal8 9r U.S. NIlGI8ar R8!jlllal9ry C9R'lR'lissi9R f8qllif8R'l8Rls; 9f

1. A manufacturer or preparer licensed under Rule 1200-02-10-.13(10) or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements; or

2. A PET radioactive drug producer licensed under Rule 1200-02-10-.11 (8) or equivalent
Agreement State requirements; or

(b) Excluding production of PET radionuclides prepared by an authorized nuclear pharmacist, a
physician who is an authorized user and who meets the requirements specified in Rule 1200-02
07-.43, Rule 1200-02-07-.47, or an individual under the supervision of either as specified in Rule
1200-02-07-.19; or

(c) Obtained from and prepared by an Agreement State or U.S. Nuclear RegUlatory Commission
licensee for use in research in accordance with an investigational new drug (IND) protocol
accepted by Food and Drug Administration (FDA) for use in research; or

(d) Prepared by the licensee for use in research in accordance with an investigational new drug
(IND) protocol accepted by Food and Drug Administration (FDA).

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

Subpart (ii) of Part 1 of sUbparagraph (b) of paragraph (1) of Rule 1200-02-07-.47 Training for Use of Unsealed
Radioactive Material for Which a Written Directive is Required is amended by adding "Rule 1200-02-07-.26,"
between the words "rule," and "or" so that, as amended, subpart (ii) shall read as follows:

(ii) Work experience, under the supervision of an authorized user who meets the
requirements of this rule, Rule 1200-02-07-.26, or equivalent U.S. Nuclear
Regulatory Commission or Agreement State requirements. A supervising
authorized user, who meets the requirements in this subparagraph, must also
have experience in administering dosages in the same dosage category or
categories (i.e., item (VI) of this subpart) as the individual requesting authorized
user status. The work experience must involve:

Part 2 of sUbparagraph (b) of paragraph (1) of Rule 1200-02-07-.47 Training for Use of Unsealed Radioactive
Material for Which a Written Directive is Required is amended by deleting the part and substituting the following
so that, as amended, part 2 shall read as follows:

2. Have obtained written attestation that the individual has satisfactorily completed the
requirements in sllll~ara!jra~R part (a)1 and item (b)1(ii)(VI) of this paragraph or
sllll~ara!jra~R (e) part 1 of this subparagraph and has achieved a level of competency
sufficient to function independently as an authorized user for the medical uses authorized
under Rule 1200-02-07-.44. The written attestation must be signed by a preceptor
authorized user who meets the requirements in this rule, Rule 1200-02-07-.26, or
equivalent U.S. Nuclear Regulatory Commission or Agreement State requirements. The
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preceptor authorized user, who meets the requirements in this subparagraph, must have
experience in administering dosages in the same dosage category or categories (i.e.,
item 1(ii)(VI) of this SUbparagraph) as the individual requesting authorized user status.

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

Subparagraph (a) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium Iodine 1
131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the SUbparagraph and substituting the following so that, as amended, subparagraph (a)
shall read as follows:

(a) Is certified by a medical specialty board whose certification process includes all of the
requirements in subparagraph (c) of this paragraph and whose certification has been recognized
by the Division, the U.S. Nuclear Regulatory Commission or an Agreement State and who meets
the requirements in part (c)3 of this paragraph; (The names of board certifications which have
been recognized by the U.S. Nuclear Regulatory Commission or an Agreement State will be
posted on the U.S. Nuclear Regulatory Commission's Web page); or

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquereis (33
Millicurries) is amended by deleting the part, but not its subparts, and substituting the following so that, as
amended, part 2, prior to its subparts, shall read as follows:

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.48, 1200-02-07-.49,
or equivalent Agreement State or U.S. Nuclear Regulatory Commission requirements. A
supervising authorized user who meets the requirements in Rule 1200-02-07-.47(1)(b),
must also have experience in administering dosages as specified in Rule 1200-02-07
.47(1 )(b)1 (ii)(VI)1 amIor II. The work experience must involve:

Part 3 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.48 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less Than or Equal to 1.22 Gigabecquerels (33
Millicurries) is amended by deleting the part and substituting the follOWing so that, as amended, part 3 shall read
as follows:

3 Has obtained written attestation that the individual has satisfactorily completed the
requirements in parts 1 and 2 of this subparagraph and has achieved a level of
competency sufficient to function independently as an authorized user for medical uses
authorized under Rule 1200-02-07-.44. The written attestation must be signed by a
preceptor authorized user who meets the requirements in Rule 1200-02-07-_26,1200-02
07-.47, 1200-02-07-.48, 1200-02-07-.49, or equivalent Agreement State or U.S. Nuclear
Regulatory Commission requirements. A preceptor authorized user, who meets the
requirement in Rule 1200-02-07-.47(1)(b), must also have experience in administering
dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)1 amIor II.

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

Part 2 of subparagraph (c) of paragraph (1) of Rule 1200-02-07-.49 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less greater than 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the part, but not its subparts, and substituting the following so that, as amended, part 2, prior
to its subparts, shall read as follows:

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.49 or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements. A supervising
authorized user, who meets the requirements in Rule 1200-02-07-.47(1)(b), must have
experience in administering dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)II.
The work experience must involve:
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Part 3 of sUbparagraph (c) of paragraph (1) of Rule 1200-02-07-.49 Training for the Oral Administration of Sodium
Iodine 1-131 Requiring a Written Directive in Quantities Less greater than 1.22 Gigabecquerels (33 Millicurries) is
amended by deleting the part and substituting the following so that, as amended, part 3 shall read as follows:

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in parts 1" and 2 of this subparagraph and has achieved a level of
competency sufficient to function independently as an authorized user for medical uses
authorized under Rule 1200-02-07-.44. The written attestation must be signed by a
preceptor authorized user who meets the requirements in Rule 1200-02-07-.26,1200-02
07-.47, 1200-02-07-.49, or equivalent Agreement State or U.S. Nuclear Regulatory
Commission requirements. A preceptor authorized user, who meets the requirements in
Rule 1200-02-07-.47(1)(b), must have experience in administering dosages as specified
in Rule 1200-02-07-.47(1)(b)1(ii)(VI)11.

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

Paragraph (1) of Rule 1200-02-07-.50 Training for the Parenteral Administration of Unsealed Radioactive Material
Requiring a Written Directive is amended by deleting the paragraph and substituting the following so that, as
amended, paragraph (1) shall read as follows:

(1) Except as provided in Rule 1200-02-07-.26, a licensee shall require an authorized user for the parenteral
administration requiring a written directive, to be a physician who:

(a) Is an authorized user under Rule 1200-02-07-.47 for uses listed in Rule 1200-02-07
.47(1)(b)1(ii)(VI)1I1 or 1200-02-07-.47(1)(b)1(ii)(VI)IV, or equivalent Agreement State or U.S.
Nuclear Regulatory Commission requirements; or

(b) Is an authorized user under Rule 1200-02-07-.59 or 1200-02-07-.80, or equivalent Agreement
State or U.S. Nuclear Regulatory Commission requirements and who meets the requirements in
subparagraph (d) of this paragraph; or

(c) Is certified by a medical specialty'board whose certification process has been recognized by the
U.S. Nuclear Regulatory Commission or an Agreement State under Rule 1200-02-07-.59 or 1200
02-07-.80, and who meets the requirements in subparagraph (d) of this paragraph.

(d) 1. Has successfully completed 80 hours of classroom and laboratory training, applicable to
parenteral administrations, for which a written directive is required, of any beta emitter or
any photon-emitting radionuclide with a photon energy less than 150 keV, and/or
parenteral administration of any other radionuclide for which a written directive is
required. The training must include:

(i) Radiation physics and instrumentation;

(ii) Radiation protection;

(iii) Mathematics pertaining to the use and measurement of radioactivity;

(iv) Chemistry of radioactive material for medical use; and

(v) Radiation biology; and

2. Has work experience, under the supervision of an authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.47 or 1200-02-07-.50, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements, in the parenteral
administration, for which a written directive is required, of any beta emitter or any photon
emitting radionuclide with a photon energy less than 150 keV, and/or parenteral
administration of any other radionuclide for which a written directive is required. A
supervising authorized user who meets the requirements in Rule 1200-02-07-.47 must
have experience in administering dosages as specified in Rule 1200-02-07
.47(1)(b)1(ii)(VI)1I1 and/or IV. The work experience must involve:
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(i) Ordering, receiving, and unpacking radioactive materials safely, and performing
the related radiation surveys;

(ii) Performing quality control procedures on instruments used to determine the
activity of dosages, and performing checks for proper operation of survey meters;

(iii) Calculating, measuring, and safely preparing patient or human research subject
dosages;

(iv) Using administrative controls to prevent a misadministration involving the use of
unsealed radioactive material;

(v) Using procedures to contain spilled radioactive material safely, and using proper
decontamination procedures; and

(vi) Administering dosages to patients or human research subjects, that include at
least three cases involving the parenteral administration, for which a written
directive is required, of any beta emitter or any photon-emitting radionuclide with
a photon energy less than 150 keV and/or at least three cases involving the
parenteral administration of any other radionuclide, for which a written directive is
required; and

(e)3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in sUbparagraphs (b) or (c) of this paragraph, and has achieved a level of
competency sufficient to function independently as an authorized user for the parenteral
administration of unsealed radioactive material requiring a written directive. The written
attestation must be signed by a preceptor authorized user who meets the requirements in
Rule 1200-02-07-.26, 1200-02-07-.47, 1200-02-07-.50, or equivalent Agreement State or
U.S. Nuclear Regulatory Commission requirements. A preceptor authorized user, who
meets the requirements in Rule 1200-02-07-.47, must have experience in administering
dosages as specified in Rule 1200-02-07-.47(1)(b)1(ii)(VI)11I and/or IV.

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

Paragraph (1) of Rule 1200-02-07-.59 Training for Use of Manual Brachylherapy Sources is amended by deleting
the paragraph and substituting the following so that, as amended, paragraph (1) shall read as follows:

(1) Except as provided in Rule 1200-02-07-.26, a licensee shall require an authorized user of a manual
brachylherapy source for the uses authorized under Rule 1200-02-07-.51 to be a physician who:

(a) Is certified by a medical specially board whose certification process has been recognized by the
Division, the U.S. Nuclear Regulatory Commission, or an Agreement State, and who meets the
requirements in part f4-l(b)3 of this NIe paragraph. (The names of board certifications which have
been recognized by the U.S. Nuclear Regulatory Commission or an Agreement State will be
posted on the U.S. Nuclear Regulatory Commission's Web page.) To be recognized, a specialty
board shall require all candidates for certification to:

1. Successfully complete a minimum of 3 years of residency training in a radiation oncology
program approved by the Residency Review Committee of the Accreditation Council for
Graduate Medical Education or Royal College of Physicians and Surgeons of Canada or
the Committee on Postgraduate Training of the American Osteopathic Association; and

2. Pass an examination, administered by diplomates of the specialty board, which tests
knowledge and competence in radiation safety, radionuclide handling, treatment
planning, quality assurance, and clinical use of manual brachytherapy; or

(b) 1. Has completed a structured educational program in basic radionuclide handling
techniques applicable to the use of manual brachytherapy sources that includes:

58



(i) 200 hours of classroom and laboratory training in the following areas:

(I) Radiation physics and instrumentation;

(II) Radiation protection;

(III) Mathematics pertaining to the use and measurement of radioactivity; and

(IV) Radiation biology; and

(ii) 500 hours of work experience, under the supervision of an authorized user who
meets the requirements in this rule, Rule 1200-02-07-.26, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements at a
medical institution, involving:

(I) Ordering, receiving, and unpacking radioactive materials safely and
performing the related radiation surveys;

(II) Checking survey meters for proper operation;

(III) Preparing, implanting, and removing brachytherapy sources;

(IV) Maintaining running inventories of material on hand;

(V) Using administrative controls to prevent a misadministration involving the
use of radioactive materiai;

(VI) Using emergency procedures to control radioactive material; and

2. Has completed three (3) years of supervised clinical experience in radiation oncology,
under an authorized user who meets the requirements in this rule, Rule 1200-02-07-.26,
or equivalent U.S. Nuclear Regulatory Commission or Agreement State requirements, as
part of a formal training program approved by the Residency Review Committee for
Radiation Oncology of the Accreditation Council for Graduate Medical Education or the
Royal College of Physicians and Surgeons of Canada or the Committee on Postdoctoral
Training of the American Osteopathic Association. This experience may be obtained
concurrently with the supervised work experience required by subpart 1(ii) of this
SUbparagraph; and

3. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in this rule, Rule 1200-02-07-.26, or equivalent Agreement State or U.S.
Nuclear Regulatory Commission requirements, that the individual has satisfactorily
completed the requirements in part (a)1, or parts (b)1 and 2 of this paragraph and has
achieved a level of competency sufficient to function independently as an authorized user
of manual brachytherapy sources for the medical uses authorized under Rule 1200-02
07-.51.

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

Part 3 of subparagraph (b) of paragraph (1) of rule 1200-02-07-.60 Training for Ophthalmic Use of Strontium-90 is
amended by deleting the part and substituting the following so that, as amended, part 3 shall read as follows:

3. Has obtained written attestation, signed by a preceptor authorized user who meets the
requirements in Rule 1200-02-07-.26, 1200-02-07-.59, this rule, or equivalent Agreement
State or U.S. Nuclear Regulatory Commission requirements, that the individual has
satisfactorily completed the requirements in subparagraphs (aj aRQ (b) of this paragraph
and has achieved a level of competency sufficient to function independently as an
authorized user of strontium-90 for ophthalmic use.

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

59



Subparagraph (b) of paragraph (1) of rule 1200-02-07-.80 Training for Use of Remote Afterloader Units,
Teletherapy Units, and Gamma Stereotactic Radiosurgery Units is amended by deleting the subparagraph and
substituting the following so that, as amended, subparagraph (b) shall read as follows:

(b) 1. Has completed a structured educational program in basic radionuclide techniques
applicable to the use of a sealed source in a therapeutic medical unit that includes:

(i) 200 hours of classroom and laboratory training in the following areas:

(I) Radiation physics and instrumentation;

(II) Radiation protection;

(III) Mathematics pertaining to the use and measurement of radioactivity; and

(IV) Radiation biology; and

(i1) 500 hours of work experience, under the supervision of an authorized user who
meets the requirements in this ruie, Rule 1200-02-07-.26, or equivalent
Agreement State or U.S. Nuclear Regulatory Commission requirements at a
medical institution, involving:

(I) Reviewing full calibration measurements and periodic spot-checks;

(II) Preparing treatment plans and calculating treatment doses and times;

(III) Using administrative controls to prevent a misadministration invoiving the
use of radioactive material;

(IV) Implementing emergency procedures to be followed in the event of the
abnormal operation of the medical unit or console;

(V) Checking and using survey meters; and

(VI) Selecting the proper dose and how it is to be administered; and

2. Has completed three years of supervised c1inicai experience in radiation therapy, under
an authorized user who meets the requirements in this rule, Rule 1200-02-07-.26, or
equivalent U.S. Nuclear Regulatory Commission or Agreement State requirements, as
part of a formal training program approved by the Residency Review Committee for
Radiation Oncology of the Accreditation Council for Graduate Medical Education or Royal
College of Physicians and Surgeons of Canada or the Committee on Postdoctoral
Training of the American Osteopathic Association. This experience may be obtained
concurrently with the supervised work experience required by subpart 1(ii) of this
SUbparagraph; and

3. Has obtained written attestation that the individual has satisfactorily completed the
requirements in part (a)1 of this paragraph or part 1 of this subparagraph, and part 2 of
this subparagraph and subparagraph (c) of this rule and has achieved a level of
competency sufficient to function independently as an authorized user of each type of
therapeutic medical unit for which the individual is requesting authorized user status. The
written attestation must be signed by a preceptor authorized user who meets the
requirements in this rule, Rule 1200-02-07-.26, or equivalent U.S. Nuclear Regulatory.
Commission or Agreement State requirements for an authorized user for each type of
therapeutic medical unit for which the individual is requesting authorized user status; and

Chapter 1200-02-10
Licensing and Registration
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Amendments

Rule 1200-02-10-.02 Scope is amended by deleting the rule and substituting the following so that, as amended,
Rule 1200-02-10-.02 shall read as follows:

1200-02-10-.02 Scope.

Except as otherwise specifically prOVided, no person shall manufacture, produce, receive, possess, use, transfer,
own, or acquire radioactive material unless authorized in a specific or general license issued pursuant to this
chapter. All other sources of radiation, registered inspectors, and x-ray installations and services unless exempt
from this Chapter under Rule 1200-02-10-.03, 1200-02-10-.04, 1200-02-10-.06, 1200-02-10-.07 or 1200-02-10
.30 shall be registered with the Division in accordance with the requirements of Rule 1200-02-10-.24 Gf...W&
GhapleF. .

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

Paragraph (1) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source Material is
amended by deleting the paragraph and substituting the following so that, as amended, paragraph (1) shall read
as follows:

(1) Exempt concentrations.

(a) Except as provided in Rule 1200-02-10-.04(1){b) and (d), any person is exempt from these
regulations to the extent that such person receives, possesses, uses, transfers, owns, or acquires
products containing radioactive material introduced in concentrations not in excess of those listed
in Schedule RHS 8-4.

(b) No person may introduce radioactive material into a product or material knowing or having reason
to believe that it will be transferred to persons exempt under Rule 1200-02-10-.04(1)(a) or
equivalent regulations of the U.S. Nuclear Regulatory Commission, any Agreement State or
Licensing State except in accordance with a license issued pursuant to 12000210.13(8) SF tRe
geReFailiseR6epFsvieee iR 1209 92 19 .10 aRe 1209 0210.2910 CFR 32.11.

(c) This paragraph shall not be deemed to authorize the import of radioactive material or products
containing radioactive material.

(d) A manufacturer, processor, or producer of a product or material is exempt from the requirements
for a license set forth in these regulations to the extent that this person transfers radioactive
material contained in a product or material in concentrations not in excess of those specified in
Schedule RHS~ in the Appendix to this Chapter and introduced into the product or material by
a licensee holding a specific license issued by the NRC expressly authorizing such introduction.
This exempllon does not apply to the transfer of radioactive material contained in any food,
beverage, cosmetic, drug, or other commodity or product designed for ingestion or inhalation by,
or application to, a human being.

Paragraph (2) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source Material is
amended by deleting the paragraph and substituting the following so that, as amended, paragraph (2) shall read
as follows:

(2) Exempt products.

(a) Except for persons who apply radioactive materials to or persons who incorporate radioactive
material into the products listed in this paragraph, any person is exempt from these regulations to
the extent that he receives, possesses, uses, transfers, owns or acquires the following products:

W1. Time pieces or hands or dials containing not more than the following quantities of
radioactive material and not exceeding the following specified levels of radiation:

-1-.{i) 25 millicuries of tritium per timepiece;

61



6(ii) 5 millicuries of tritium per hand;

3.(iii) 15 millicuries of tritium per dial (bezels when used shall be considered as part of
the dial);

4,{iv) 100 microcuries of promethium-147 per watch or 200 microcuries of promethium
147 per any other timepiece;

5-,(v) 20 microcuries of promethium-147 per watch hand or 40 microcuries of
promethium-147 per other timepiece hand;

Divi) 60 microcuries of promethium-147 per watch dial or 120 microcuries of
promethium-147 per other timepiece diai (bezels when used shall be considered
part of the dial);

+,(vii) The levels of radiation from hands and dials containing radioactive materials will
not exceed when measured through 50 milligrams per square centimeter of
absorber:

(i)(I) For wrist watches, 0.1 millirad per hour at 10 centimeters from any
surface;

(iij(II) For pocket watches, 0.1 millirad per hour at 1 centimeter from any
surface;

(iiil(III)For any other timepiece, 0.2 millirad per hour at 10 centimeters from any
surface.

3,(viii) One (1) microcuries of radium-226 per timepiece in intact timepieces
asq~ired manufactured prior to the effective date of this regulation.

~2. Reserved. besk iII~miAaters seAtaiAiAg Aet mera tl1aA 15 millis~rias et triti~m er Aet mere
tl1aA 2 millis~rias et prematl1iYm 147 iAstallad iA a~temellila lesks. Tl1a la",als et radiatieA
tram aastl lesk iII~miAater seAtaiAiAg premattli~m 147 will Aet a~saad 1 millirad par tle~r

at 1 saAtimalar tfGm aAy s~rfasa wl1aA maasyrad ttlra~gtl 5Q milligrams par sq~ara

saAlimatar et allserllar.

lG}3. Balances of precision containing not more than 1 millicurie of tritium per balance or not
more than 0.5 millicurie of tritium per balance part manufactured before December 17,
2007.

(Q)4. Reserved. A~temellila stlift qYadraAts seAtaiAiAg Aet mera tl1aA 25 millis~rias et triti~m.

{e}5. Marine compasses containing not more than 750 millicuries of tritium gas and other
marine navigational instruments containing not more than 250 millicuries of tritium gas
manufactured before December 17, 2007.

~. Reserved. Ttlarmestat dials aAd peiAtars seAtaiAiAg Aet mera ttlaA 25 millisyrias et triti~m
par tl1armestal.

(g}7. Electron tubes 1 containing not more than one of the follOWing specified quantities of
radioactive material per tube:

4.{i) 150 millicuries of tritium per microwave receiver protector tube or 10 millicuries of
tritium per any other electron tube;

"Electron tubes·, as used in this subparagraph, include spark gap tubes, power tubes, gas tubes, including glow lamps, receiving tubes,
microwave tubes, indicator tubes, pickup tubes, radiation detection tubes and any other completely sealed tube that is designed to
conduct or control electrical currents.
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~ii) 1 microcurie of cobalt-60;

;>,(iii) 5 microcuries of nickel-63;

4.(iv) 30 microcuries of krypton-85;

5,(v) 5 microcuries of cesium-137;

6,(vi) 30 microcuries of promethium-147;

provided, the levels of radiation from each electron tube containing radioactive material
do not exceed 1 millirad per hour at 1 centimeter from any surface when measured
through 7 milligrams per square centimeter of absorber.

we. Reserved. ResiAs seAlaiAiAg ssaAlliijm 46 aAli llesigAeli fer saAli seAselilialieA iA eil
well&.-

1. ,I},Ay perseA is ellempl frem Ihese regijlalieAs Ie the ellleAI Ihal sijsh perseA
reselves, pessesses, ijses, IraAsfers, eWAs er asqijires syRlhelis plasgs resiAs
seRlaiAiAg ssaRlliijm 46 whish are llesigReli fer saAli seRselilialieA iR eil wells.

2. Sijsh resiAs sl1all l1a\'e beeA maAijfaslijreli er impeFteli IR asserllaAse wilh a
spesi~s IiseAse issijell by 1I1e U.S. ~lijslear RegijlalefY CemmissieR, er sl1alll1ave
GeeA maAijfaslijreli iA asserllaAse will1 Ille spesifisalieAs seAIaiAeli iA a spesi~s

IiseAse issijell by 1I1e QivisieA er aAy ,'\greemeAI Stale Ie tile maAijfaslijrer ef
Sijsl1 resiAs pijrsijaAI Ie liseAsiAg reqijiremeRls eqijivaleAI Ie tl1ese iA SeslieAs
32.16 aRli 32.17 ef Hl CFR (Celie ef Felleral RegijlalieAs) J;laFt 32 ef Ille
regijlalieAs ef tile U.S. ~lijslear Regijlatery CemmissieA.

:i. Tl1is ellemptieA llees Ael aijtl1eri~e Ille maAijfastijre ef aAy resiRs seAtaiAiAg
ssaAlliijm 46.

fit9. Gas and aerosol detectors containing radioactive material.

-1-.(i) Except for persons who manufacture, process, 9F-produce, or initially transfer for
sale or distribution gas and aerosol detectors containing radioactive material, any
person is exempt from these regulations to the extent that such person receives,
possesses, uses, transfers, owns, or acquires radioactive material in gas and
aerosol detectors designed to protect life or property from fires and airborne
hazards provided that detectors containing radioactive material shall have been
manufactured, impeFteli processed, produced, or initially transferred2 in
accordance with a specific license issued by the U.S. Nuclear Regulatory
Commission pursuant to section 32.26 of 10 CFR Part 32 or a licensing state
pursuant to regulations equivalent to Rule 1200-02-10-.13(15) that authorizes the
initial transfer of the detectors to persons who are exempt from regulatory
requirements. This exemption also covers gas and aerosol detectors
manufactured or distributed before the effective date of these rules in accordance
with a specific license Issued by an Agreement State under comparable
provisions to Rule 1200-02-10-.13(15) authorizing distribution to persons exempt
from regulatory requirements.

:Hii) Gas and aerosol detectors previously manufactured and distributed to general
licensees in accordance with a specific license issued by an Agreement State
shall be considered exempt under 12gg g2 19 .g4(2)(i)1. Rule 1200-02-10
.04(2)(a)9(i), provided that the device is labeled in accordance with the specific
license authorizing distribution of the generally licensed device, and provided
further that they meet the requirements of Rule 1200-02-10-.13(15).

J,(iii) Gas and aerosol detectors containing NARM previously manufactured and
distributed in accordance with a specific license issued by a Licensing State shall
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be considered exempt under 12QQ Q2 1G .Q4(2)(i)1 Rule 1200-02-10
.04(2)(a)9(I), provided that the device is labeled in accordance with the specific
license authorizing distribution, and provided further that they meet the
requirements of Rule 1200-02-10-.13(15).

(ff10. Self luminous products containing radioactive material.

.:h{i) Except for persons who manufacture, process, or produce self-luminous products
containing tritium, krypton-8S, or promethium-147, any person is exempt from
these regulations to the extent that such person receives, possesses, uses,
transfers, owns or acquires tritium, krypton-8S, promethium-147 in self luminous
products manufactured, processed, produced, imported, or transferred in
accordance with a specific license issued by the U.S. Nuclear Regulatory
Commission pursuant to Section 32.22 of 10 CFR Part 32, which license
authorizes the transfer of the product to persons who are exempt from regulatory
requirements.

:h(ii) The exemption in 12QQ Q2 1Q .Q4(2)(j)1. Rule 1200-02-10-.04(2)(a)10(i) does not
apply to tritium, krypton-8S, or promethium-147 used in products for frivolous
purposes or in toys or adornments.

:h(iii) Any person is exempt from these regulations to the extent that such person
receives, possesses, uses, transfers, or owns self luminous products containing
less than 0.1 microcurie of radium-226 which were acquired prior to the effective
date of this regulation.

(k)11. Ionizing radiation measuring instruments containing, for purposes of internal calibration or
standardization, one or more sources of radioactive material; provided that:

-1-,.(i) Each source contains no more than one exempt quantity set forth in Schedule
RHS 8-3;

:b(ii) Each instrument contains no more than 10 exempt quantities. For purposes of
this s~llpafa~fapll (k) part, an instrument's source(s) may contain either one type
or different types of radionuclides and an individual exempt quantity may be
composed of fractional parts of one or more of the exempt quantities in Schedule
RHS 8-3, provided that the sum of such fractions shali not exceed unity; and

:h(iii) For purposes of this s~llpafa~fapll (k) part, 0.05 microcuries of americium-241 is
considered an exempt quantity under Schedule RHS 8-3.

(i}12. Reserved. Spafk ~ap IffaeialGfS sGRtaiRiR~ RGt FRGfe !llaR 1 FRisfGs~flG €If sGllal! 6Q pGf
spafk ~ap ifFaeia!Gf fGf ~se iR elestfisally i~RitGe f~el Gil ll~fRefS lla\liR~ a fjfiR~ fate €If at
least J ~allGRs pef llG~f (1 1.4 litefs pef llG~f).

13. Ionization chamber smoke detectors containing not more than l' microcurie (IJCi) of
americium-241 per detector in the form of a foil and designed to protect life and property
from fires.

(b) Any person who desires to apply radioactive material to, or to incorporate radioactive material
into, the products exempted in subparagraph (a) of this paragraph or who desires to initially
transfer for sale or distribution such products containing radioactive material, should apply for a
specific license pursuant to 10 CFR 32.14, which license states that the product may be
distributed by the licensee to persons exempt from subparagraph (a) of this paragraph.

Subparagraph (a) of Paragraph (3) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source
Material is amended by deleting the subparagraph and substituting the following so that, as amended,
subparagraph (a) shall read as follows:

(a) Except as provided in (c) aRe (e) through (e) of this paragraph, any person is exempt from these
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regulations to the extent that such person receives, possesses, uses, transfers, owns, or acquires
radioactive material in individual quantities each of which does not exceed the applicable quantity
set forth in Schedule RHS 8-3; l1e'llsvsr, Il1sss q~aRtities sl1all Rei as asmiRisleres iR aRy ferm Ie
l1~maR aeiRgs iRtemally er sxtsmally fer aRy p~rpess.

SUbparagraph (b) of Paragraph (3) of Rule 1200-02-10-.04 Exemptions: Radioactive Materials Other Than Source
Material is amended by deleting the subparagraph and substituting the following so that, as amended,
subparagraph (b) shall read as follows:

(b) Any person who possesses radioactive material received or acquired before September 25, 1971,
under the general license formerly provided in s~aparagrapl1 R~S 7.2Q3 /1.2. this Chapter is
exempt from the requirements for a license set forth in this Chapter to the extent that such person
possesses, uses, transfers, or owns such radioactive material. S~GI1 exsmptieR sess Ret apply fer
rasi~m 226.

Subparagraph (e) of Paragraph (3) of Rule 1200-02-10-04 Exemptions: Radioactive Materials Other Than Source
Material is amended by adding subparagraph (e) so that, as amended, subparagraph (e) shall read as follows:

(e) No person may. for purposes of producing an increased radiation level, combine quantities of
radioactive material covered by this exemption so that the aggregate quantity exceeds the limits
set forth in Schedule RHS 8-3 in the Appendix to this Chapter. except for radioactive material
combined within a device placed in use before May 3, 1999, or as otherwise permitted by the
regulations In this Chapter.

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

Part 1 of subparagraph (b) of paragraph (2) of Rule 1200-02-10-.10 General Licenses - Radioactive Material
Other Than Source Material is amended by deleting the part and substituting the following so that, as amended,
part 1 shall read as follows:

1. The general license in subparagraph (a) of this paragraph applies only to radioactive
material contained in devices that have been manufactured or initially transferred and
labeled in accordance with the specifications contained in:

(i) A specific license issued by the Division pursuant to 12QQ Q2 1Q .13(4) Rule
1200-02-10-.13(5), or

(ii) A specific license issued by the U.S. Nuclear Regulatory Commission pursuant
to 10 CFR 32.51 or an Agreement State er a biGeRsiRg State tl1al a~tl1erizes

sislria~tieR ef sSl/iGSS te psrseRs geRerally IiGeRSeS ay tile U.S. ~1~Glear

Reg~latery CemmissieR, aR AgreemeRt State er a lissRsiRg State with
provisions comparable to Rule 1200-02-10-.13(5).

Subpart (ii) of Part 8 of Subparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses 
Radioactive Material Other Than Source Material is amended by deleting the subpart, but not its items, and
sUbstituting the following so that, as amended, subpart (ii), prior to its items, shall read as follows:

(ii) Shall within thirty (30) days after the transfer of a device to a specific licensee or
export, furnish a report to the Division. The report shall contain:

Subpart (iii) of Part 8 of Subparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses 
Radioactive Material Other Than Source Material is amended by deleting the subpart and substituting the
following so that, as amended, Subpart (iii) shall read as follows:

(iii) Shall obtain written Division approval before transferring the device to any other
specific licensee .not specifically identified in subpart ~i) of this part
However a holder of a specific license may transfer a device for possession and
use under its own specific license without prior approval, if, the holder:

(I) Verifies that the specific license authorizes the possession and use, or

65



applies for and obtains an amendment to the license authorizing the
possession and use;

(II) Removes, alters, covers, or clearly and unambiguously augments the
existing label (otherwise required by part 1 of this subparagraph) so that
the device is labeled in compliance with Rule 1200-02-05-.113 of these
regulations; however the manufacturer, model number, and serial
number must be retained;

(III) Obtains manufacturer's or initial transferor's information concerning
maintenance that would be applicable under the specific license (such as
leak testing procedures); and

(IV) Reports the transfer under subpart (ii) of this part.

Part 14 of Subparagraph (c) of Paragraph (2) of Rule 1200-02-10-.10 General Licenses - Radioactive Material
Other Than Source Material is amended by deleting the part and substituting the folloWing so that, as amended,
part 14 shall read as follows:

14. Shall be subject to the bankruptcy notification requirement in paragraph (7) of Rule 1200
02-10-.16t+i if holding devices containing radioactive material that meet the following
criteria, based on the activity indicated on the label:

(i) At least 10 mCi (370MBq) of cesium-137;

(ii) At least 0.1 mCi (3.7 MBq) of strontium-90;

(iii) At least 1 mCi (37 MBq) of cobalt-60; 9f

(iv) At least 1 mCi (37 MBq) of americium-241 or any other transuranic (i.e., element
with atomic number greater than uranium (92)); or

(v) At least 0.1 mCi (37 MBq) of radium-226.

Rule 1200-02-10-.10 General Licenses - Radioactive Material Other Than Source Material is amended by adding
paragraph (8) so that, as amended, paragraph (8) shall read as follows:

(8) Self Luminous Products Containing Radium-226

(a) A general license is hereby issued to any person to acquire, receive, possess, use, or transfer, in
accordance with the provisions of subparagraphs (b) through (d) of this paragraph, radium-226
contained in the following products manufactured prior to the effective date of these rules.

1. Antiquities originally intended for use by the general public. For the purposes of this
paragraph, antiquities mean products originally intended for use by the general public
and distributed in the late 19th and early 20th centuries, such as radium emanator jars,
revigators, radium water jars, radon generators, refrigerator cards, radium bath salts, and
healing pads.

2. Intact timepieces containing greater than 0.037 MBq (1 ).JCi), nonintact timepieces, and
timepiece hands and dials no longer installed in timepieces.

3. Luminous items Installed in air, marine, or land vehicles.

4. All other luminous products provided that no more than 100 items are used or stored at
the same location at anyone time.

5. Small radium sources containing no more than 0.037 MBq (1 ).JCi) of radium-226. For the
purposes of this paragraph, ·small radium sources" means discrete survey instrument
check sources, sources contained in radiation measuring instruments, sources used in
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educational demonstrations (such as cloud chambers and spinthariscopes), electron
tUbes, lightning rods, ionization sources, static eliminators, or as designated by the NRC.

(b) Persons who acquire, receive, possess, use, or transfer byproduct material under the general
license issued in sUbparagraph (a) of this paragraph are exempt from the provisions of Chapters
1200-02-04 and 1200-02-05, and Rule 1200-02-10-.26, to the extent that the receipt, possession,
use, or transfer of byproduct material is within the terms of the general license; provided,
however, that this exemption shall not be deemed to apply to any such person specifically
licensed under this Chapter.

(c) Any person who acquires, receives, possesses, uses, or transfers byproduct material in
accordance with the general license In subparagraph (a) of this paragraph shali:

1. Notify the Division should there be any indication of possible damage to the product so
that it appears it could result in a loss of the radioactive material (a report containing a
brief description of the event, and the remedial action taken, must be furnished to the
Division at the address listed in Rule 1200-02-04-.07 within thirty (30) days);

2. Not abandon products containing radium-226 (the product, and any radioactive material
from the product, may only be disposed of according to Rule 1200-02-05-.127 of these
regulations or by transfer to a person authorized by a specific license to receive the
radium-226 in the product or as otherwise approved by the NRC or an Agreement State;

3. Not export products containing radium-226 except in accordance with 10 CFR Part 110;

4. Dispose of products containing radium-226 at a disposal facility authorized to dispose of
radioactive 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, by transfer to a person authorized to receive radium-226 by a specific license
issued under this Chapter, or equivalent regulations of the NRC or an Agreement State,
or as otherwise approved by the NRC or an Agreement Slate; and

5. Respond to written requests from the Division to provide information relating to the
general license within thirty (30) calendar days of the date of the request, or other time
specified in the request. If the general licensee cannot provide the requested information
within the allotted time, it shali, within that same time period, request a longer period to
supply the information by providing the Division, by an appropriate method listed in 10
CFR 30.6(a), a written justification for the request.

(d) The general license in subparagraph (a) of this paragraph does not authorize the manufacture,
assembly, disassembly, repair, or import of products containing radium-226, except that
timepieces may be disassembled and repaired.

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

Rule 1200-02-10-.11 Filing of Application for Specific Licenses is amended by deleting the Rule in its entirety and
substituting the following so that, as amended, Rule 1200-02-10-.11 shall read as follows:

1200-02-10-.11 Filing of Application for Specific Licenses,

(1) Application for specific licenses shali be filed in duplicate on a form prescribed by the Division.

(2) The Division may at any time after the filing of the original application, and before the expiration of the
license, require further statements in order to enable the Division to determine whether the application
should be granted or denied or whether a license should be modified or revoked.

(3) Each application shall be signed by the applicant or licensee or a person duly authorized to act for and on
his behalf.

(4) An application for a license may inciude a request for a license authorizing one or more activities.
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(5) In his application, the applicant may incorporate by reference information contained in previous
applications, statements or reports filed with the Division provided such references are specific.

(6) Applications and documents submitted to the Division may be made available for pUblic inspection except
that the Division may withhold any document or part thereof from public inspection if disclosure of its
contents involves proprietary information.

(7) An application for a specific license to use radioactive material in the form of a sealed source or in a
device that contains the sealed source shall either:

(a) Identify the source or device by manufacturer and model number as registered with the NRC
under 10 CFR 32.210 or with an Agreement State or for a source or a device containing radium
226 or accelerator-produced radioactive material with an Agreement State under provisions
comparable to 10 CFR 32.210; or

(b) Contain the information identified in 10 CFR 32.210(c).

(c) For sources or devices containing naturally occurring or accelerator produced radioactive material
manufactured pnor to November 30, 2007 that are not registered with the NRC under 10 CFR
32.210 or with an Agreement State, and for which the applicant is unable to provide all categories
of information specified in 10 CFR 32.210(c), the applicant must provide:

1. All available information identified in 10 CFR 32.210(c) concerning the source, and, if
applicable, the device; and

2. Sufficient additional information to demonstrate that there is reasonable assurance that
the radiation safety properties of the source or device are adequate to protect health and
minimize danger to life and property. Such information must Include a description of the
source or device, a description of radiation safety features, the intended use and
associated operating experience, and the results of a recent leak test.

(8) An application from a medical facility, educational institution, or Federal facility to produce Positron
Emission Tomography (PET) radioactive drugs for noncommercial transfer to licensees in its consortium
authonzed for medical use under Chapter 1200·02-07 or equivalent Agreement State requirements shall
include:

(a) A request for authonzatlon for the production of PET radionuclides or evidence of an existing
license Issued under this Chapter or Agreement State requirements for a PET radionuclide
production facility within Its consortium from which it receives PET radionuclides;

(b) Evidence that the applicant is qualified to produce radioactive drugs for medical use by meeting
one of the cntena in Rule 1200-02-10-.13(10)(a)2;

(c) Identification of Individual(s) authonzed to prepare the PET radioactive drugs if the applicant is a
pharmacy, and documentation that each individual meets the requirements of an authorized
nuclear pharmacist as specified in Rule 1200-02-10-.13(10)(b)2; and

(d) Information identified in Rule 1200·02-10-.13(10)(a)3 on the PET drugs to be noncommercially
transferred to members of its consortJum.

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

Paragraph (10) of Rule 1200·02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (10) shall read as follows:

(10) Manufacture, preparation or transfer for commercial distribution of radiopharmaceuticals containing
radioactive material for medical use.

(a) An application for a specific license to manufacture, prepare, or transfer for commercial

68



distribution radiopharmaceuticals containing radioactive material for use by persons authorized
pursuant to Chapter 1200-02-07 will be approved if:

1. The applicant satisfies the general requirements specified in Rule 1200-02-10-.12;

2. The applicant submits evidence that the applicant is at least one of the following:

(i) Registered or licensed with the U.S. Food and Drug Administration (FDA) as the
owner or operator of a drug estabiishment that engages in the manufacture,
preparation, propagation, compounding, or processing of a drug under 21 CFR
207.20(a);

(ii) Registered or licensed with a state agency as a drug manufacturer; GI'

(iii) Licensed as a pharmacy by the Tennessee Board of Pharmacy;

(iv) Operating as a nuclear pharmacy within a Federal medical institution; or

(v) A Positron Emission Tomography (PET) drug production facility registered with a
state agency.

3. The applicant submits information on the radionuclide; chemical and physicai form;
packaging including maximum activity per vial, syringe, generator or other container of
the radioactive drug; and shielding provided by the packaging of the radioactive material
for safe handling and storage of radiopharmaceuticals by medical use licensees; and

4. The applicant satisfies the following labeling requirements:

(i) A label is affixed to each transport radiation shield, whether it is constructed of
lead, glass, plastic or other material, of a radioactive drug to be transferred for
commercial distribution. The label shall include the radiation symbol and the
words "CAUTION, RADIOACTIVE MATERIAL" or "DANGER, RADIOACTIVE
MATERIAL"; the name of the radioactive drug or its abbreviation; and the
quantity of radioactivity at a specified date and time. For radioactive drugs with a
half-life greater than one hundred (100) days, the time may be omitted.

(ii) A label is affixed to each syringe, vial or other container used to hold a
radioactive drug to be transferred for commercial distribution. The label shall
include the radiation symbol and the words "CAUTION, RADIOACTIVE
MATERIAL" or "DANGER, RADIOACTIVE MATERIAL" and an identifier that
ensures that the syringe, vial or other container can be correlated with the
information on the transport radiation shield label.

(b) A licensee described by subpart (a)2(iii) of this paragraph:

1. May prepare radiopharmaceuticals for medical use, as defined in 6~bflara!lraflR Rule
1200-02-07-.05, provided that the radiopharmaceuticals are prepared by either an
authorized nuclear pharmacist, as specified in parts 2 and 4 of this subparagraph, or an
individual under the supervision of an authorized nuclear pharmacist as specified in Rule
1200-02-07-.19.

2. May allow a pharmacist to work as an authorized nuclear pharmacist if:

(i) This individual qualifies as an authorized nuclear pharmacist as defined in
6~bflara!lraflR Rule 1200-02-07-.05(4),

(ii) This individual meets the requirements specified in Rule 1200-02-07-.25(2) and
Rule 1200-02-07-.27, and the licensee has received an approved license
amendment identifying this individual as an authorized nuclear pharmacist; or
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(iii) This individual is designated as an authorized nuclear pharmacist in accordance
with part 4 of this subparagraph.

3. The actions authorized in parts 1 and 2 of this subparagraph are permitted in spite of
more restrictive language in license conditions.

4. May designate a pharmacist (as defined in paF3~F3pR 12QQ Q2 QJ .Q5(2J) Rule 1200-02
07-.05(24)) as an authorized nuclear pharmacist if: tRe iRgi\'ig~al i6 igeRlifieg a6 af (,A,pril
18, 2QQ2j, a6 aR 'a~tRaFizeg ~ser' aR a R~slear pRarFRasy IiseR6e i66~eg ay IRe bli'Ji6ieR
~Rger tRi6 sRapler.

(i) The individual was a nuclear pharmacist preparing oniy radioactive drugs
containing accelerator-produced radioactive material; and

(iI) The individual practiced at a pharmacy at a Government agency or Federally
recognized Indian Tribe before November 30, 2007 or at all other pharmacies
before August 8, 2009, or an earlier date as noticed by the NRC.

5. Shall provide to the Division a copy of each individual's:

(i) Certification by a specialty board whose certification process has been
recognized by the Division, U.S. Nuclear Regulatory Commission or an
Agreement State as specified in Rule 1200-02-07-.25(1) with the written
attestation signed by a preceptor as required by Rule 1200-02-07-.25(2)(b); or

(ii) The Division, U.S. Nuclear Regulatory Commission or other Agreement State
license; or

(iii) TAe perFRit i6S~eg ay a IiseR6ae af areag 6sape; aRg NRC master materials
licensee permit; or

(iv) Stale pRarFRasy liseRs~re ar re~islratiaR, Ra later tRaR JQ gay6 after tRe gate IRat
tRe liseRsee allaw6, p~r6~aRtta 6~aparts 2(i) aRg (iii) af tRi6 s~apara~rapR, tRe
iRgi'Jig~al la Vlark a6 aR a~tRarizeg R~slear pRarFRasi61. The permit issued by a
licensee or NRC master materials permittee of broad scope or the authorization
from a commercial nuclear pharmacy authorized to list its own authorized nuclear
pharmacist; or

(v) Documentation that only acceierator-produced radioactive materials were used in
the practice of nuclear pharmacy at a Government agency or Federally
recognized Indian Tribe before November 30, 2007 or at all other locations of use
before August 8, 2009, or an earlier date as noticed by the NRC; and

(vi) A copy of the state pharmacy licensure or registration, no later than 30 days after
the date that the licensee allows, the individual to work as an authorized nuclear
pharmacist under subparts 2(i) and (iii) of this subparagraph.

(c) A licensee shall possess and use instrumentation to measure the radioactivity of radioactive
drugs. The licensee shall have procedures for use of the instrumentation. The licensee shall
measure by direct measurement or by combination of measurements and calculations, the
amount of radioactivity in dosages of alpha-, beta-, or photon-emitting radioactive drugs before
transfer for commerciai distribution. In addition, the licensee shall:

1. Perform tests before initial use, periodicaily and following repair, on each instrument for
accuracy, linearity and geometry dependence, as appropriate for the use of the
instrument; and make adjustments when necessary; and

2. Check each instrument for constancy and proper operation at the beginning of each day
of use.
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(d) Nothing in this rule relieves the licensee from complying with applicable FDA, other Federal and
State requirements governing radioactive drugs.

Paragraph (13) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (13) shall read as follows:

(13) Manufacture and distribution of radioactive material for certain in vitro clinical or laboratory testing under
general license. In addition to the requirements set forth in Rule 1200-02-10-.12, a specific license to
manufacture or distribute radioactive material for use under the general license of Rule 1200-02-10-.10(7)
will be issued only if:

(a) The radioactive material is to be prepared for.distribution in prepackaged units of:

1. lodine-125 in units not exceeding 10 microcuries each.

2. lodine-131 in units not exceeding 10 microcuries each.

3. Carbon-14 in units not exceeding 10 microcuries each.

4. Hydrogen-3 (tritium) in units not exceeding 50 microcuries each.

5. Iron-59 in units not exceeding 20 microcuries each.

6. Cobalt-57 in units not exceeding 10 microcuries each.

7. Selenium-75 in units not exceeding 10 microcuries each.

8. Mock lodine-125 in units not exceeding 0.05 microcurie of iodine-129 and 0.005
microcurie of americium-241 each.

(b) Each prepackaged unit bears a durable, clearly visible label:

1. Identifying the radioactive contents as to chemical form and radionuclide, and indicating
that the amount of radioactivity does not exceed 10 microcuries of iodine-131, iodine-125,
cobalt-57, selenium-75, or carbon-14; 50 microcuries of hydrogen-3 (tritium); 20
microcuries of iron-59; or Mock lodine-125 in units not exceeding 0.05 microcurie of
iodine-129 and 0.005 microcurie of americium-241 each; and

2. Displaying the radiation caution symbol described in Rule 1200-02-05-.110 and the
words, "Caution, Radioactive Material" and "Not for Internal or External Use in Humans or
Animals."

(c) OAe ef The following statements, as a~~fe~fiale, or a substantially similar statement which
contains the information called for in GAlHlf the following statements, appears on a label affixed to
each prepackaged unit or appears in a leaflet or brochure which accompanies the package:

1. This radioactive material may be received, acquired, possessed and used only by
physicians, veterinarians in the practice of veterinary medicine, clinical laboratories or
hospitals and only for in vitro clinical or laboratory tests not involVing internal or external
administration of the material, or the radiation there from, to human beings or animals. Its
receipt, acquisition, possession, use and transfer are subject to the regulations and a
general license of the U.S. Nuclear Regulatory Commission or of a state with which the
Commission has entered into an agreement for the exercise of regulatory authority.

(Name of Manufacturer)

2. TRis faeieaslive malefial may lle fesei\'8e, as'l~ifee, ~essessee aAe ~see eAly lly
pRysisians, veterinarians In tRe prastis9 at \'9t9Finap/ R:19sisiR8, sUniGal laserateries er
Res~ilals aAe eAly fef iA vilre sliAisal ef lallefalefY Iesis Ael iAvel'JiA!l iAlefAal ef 8xlefAai
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admlAIslrallaA at I~Q malQrlal, ar I~Q radiallaA I~QrQ tfllm, la ~~maA 9QIA!lS ar aAimals. lIs
rQSQllll, as'l~islllaA, llassQssiaA, ~SQ aAd lraAsfer arQ s~IljQsl la t~Q rQ!l~laliaAs aAd a
!lQAQralllsQAsQ at a bisQASIA!l SlatQ.

1~lamQ at MaA~fast~rQr)

(d) The label affixed to the unit, or the leaflet or brochure which accompanies the package, contains
adequate information as to the precautions to be observed in handling and storing such
radioactive material. In the case of the Mock lodine-125 reference or calibration source, the
information accompanying the source must also contain directions to the licensee regarding the
waste disposal requirements set out in Rule 1200-02-05-.120.

Paragraph (15) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and sUbstituting the following so that, as amended, paragraph (15) shall read as follows:

(15) Incorporation of naturally occurring and accelerator-produced radioactive material into gas and aerosol
detectors. An application for a specific license authorizing the incorporation of NARM into gas and aerosol
detectors to be distributed to persons exempt under 12QQ Q2 1Q .Q4(2)(i) Rule 1200-02-10-.04(2)(a)9will
be approved if the application satisfies requirements equivalent to those contained in Section 32.26 of 10
CFR Part 32. The maximum quantity of radium-226 in each device shall not exceed 0.1 microcurie.

Paragraph (16) of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by
deleting the paragraph and substituting the following so that, as amended, paragraph (16) shall read as follows:

(16) Special requirements for License to Manufacture or initially transfer at calibration sources containing
americium-241, plutonium or radium-226 for distribution to persons generally licensed under Rule 1200
02-10-.10(4). IA addiliaA la I~Q rQ'l~lrQmQAlsSQl feR~ iA 12QQ Q2 1Q .12, a SIlQsitis IiSQASQ la maA~fasl~rQ

sall9raliaA aAd ratQrQASQ sa~rSQS saAlalAiA!l amQrisl~m 241, 1l1~laAi~m ar radi~m 226 la IlQrsaAs
!lQAQrally IisQAsad ~AdQr 12QQ Q2 1Q .1Q(4) will 9Q iss~Qd aAly it I~Q rQ'l~irQmQAls at SQsliaAS 32.57,
32.58,32.59, aAd 32.1Q2 at 1Q C~~ PaR 32 aAd SQSliaA 7Q.39 at 1Q C~~ PaR 7Q ar I~Qir Q'l~ivaIQAl arQ-
(a) An application for a specific license to manufacture or initially transfer calibration or reference

sources containing americium-241, plutonium, or radium-226 for distribution to persons generally
licensed under Rule 1200-02-10-.10(4) will be approved if:

1. The applicant satisfies the general reqUIrement of Rule 1200-02-10-.12; and

2. The applicant submits sufficient Information regarding each type of calibration or
reference source pertinent to evaluallon of the potential radiation exposure, including:

(I) Chemical and physical form and maximum quantity of americium 241, plutonium
or radium-226 in the source;

(ii) Details of construction and design;

(iii) Details of the method of Incorporation and binding of the americium-241,
plutOnium or radium-226 in the source;

(iv) Procedures for and results of prototype testing of sources, which are designed to
contain more than 185 Bq (0.005 !JCi) of americium-241, plutonium or radium
226, to demonstrate that the americium-241, plutonium or radium-226 contained
in each source will not be released or be removed from the source under normal
conditions of use;

(v) Details of quality control procedures to be followed in manufacture of the source;

(vi) Description of labeling to be affixed to the source or the storage container for the
source; and
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(vii) Any additional information, including experimental studies and tests, required by
the Division to facilitate a determination of the safety of the source.

3. Each source will contain no more than 185 kBq (5 !JCi) of americium-241, plutonium or
radium-226.

4. The Division determines, with respect to any type of source containing more than 185 Bq
(0.005 !JCi) of americium-241, plutonium or radium-226, that:

(i) The method of incorporation and binding of the americium-241, plutonium or
radium-226 in the source is such that the americium-241, plutonium or radium
226 will not be released or be removed from the source under normal conditions
of use and handling of the source; and

(ii) The source has been subjected to and has satisfactorily passed the prototype
tests prescribed by subparagraph (b) of this paragraph.

(b) Schedule C- prototype tests for calibration or reference sources containing americium-241,
plutonium or radium-226. An applicant for a license pursuant to subparagraph (a) of this
paragraph shall conduct prototype tests for any type of source which is designed to contain more
than 185 Bq (0.005 !JCi) of americium-241, plutonium or radium-226, in the order listed, on each
of five prototypes of such source, which contains more than 185 Bq (0.005 !JCi) of americium
241, plutonium or radium-226, as follows:

1. Initial measurement. The quantity of radioactive material deposited on the source shall be
measured by direct counting of the source.

2. Dry wipe test. The entire radioactive surface of the source shall be wiped with filter paper
with the application of moderate finger pressure. Removal of radioactive material from the
source shall be determined by measuring the radioactivity on the filter paper or by direct
measurement of the radioactivity on the source following the dry wipe.

3. Wet wipe test. The entire radioactive surface of the source shall be wiped with filter
paper, moistened with water, with the application of moderate finger pressure. Removal
of radioactive material from the source shall be determined by measuring the radioactivity
on the filter paper after it has dried or by direct measurement of the radioactivity on the
source following the wet wipe.

4. Water soak test. The source shall be immersed in water at room temperature for a period
of twenty four (24) consecutive hours. The source shall then be removed from the water.
Removal of radioactive material from the source shall be determined by direct
measurement of the radioactivity on the source after it has dried or by measuring the
radioactivity in the residue obtained by evaporation of the water in which the source was
immersed. .

5. Dry wipe test. On completion of the preceding test in part 4 of this subparagraph, the dry
wipe test described in part 2 of this subparagraph shall be repeated.

6. Observations. Removal of more than 185 Bq (0.005 !JCi) of radioactivity in any test
prescribed by this subparagraph shall be cause for rejection of the source design.
Results of prototype tests submitted to the Division shall be given in terms of radioactivity
in microcuries and percent of removal from the total amount of radioactive material
deposited on the source.

(c) Labeling of devices. Each person licensed under subparagraph (a) of this paragraph shall affix to
each source, or storage container for the source, a label which shall contain sufficient information
relative to safe use and storage of the source and shall inciude the following statement or a
sUbstantially similar statement which contains the information called for in the following
statement:
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The receipt, possession, use and transfer of this source, Model _, Serial No. _'
are sUbject to a general license and the regulations of the NRC or an

Agreement State. Do not remove this label.

CAUTION-RADIOACTIVE MATERIAL-
THIS SOURCE CONTAINS AMERICIUM-241 [PLUTONIUM OR RADIUM-226].

DO NOT TOUCH RADIOACTIVE PORTION OF THIS SOURCE.

Name of manufacturer or initial transferor

(d) Leak testing of each source. Each person licensed under subparagraph (a) of this paragraph
shall perform a dry wipe test upon each source containing more than 3.7 kBq (0.1 ~Ci) of
americium-241, plutonium or radium 226 prior to transferring the source to a general licensee
under Ruie 1200-02-10-.10(4}. This test shall be performed by wiping the entire radioactive
surface of the source with a filter paper with the application of moderate finger pressure. The
radioactivity on the paper shall be measured by using radiation detection instrumentation capable
of detecting 185 Bq (0.005 ~Ci) of americium-241, plutonium, or radium-226. If any such test
discloses more than 185 Bq (0.005 ~Ci) of radioactive material, the source shall be deemed to be
leaking or losing americium-241, plutonium or radium-226 and shall not be transferred to a
general licensee under Rule 1200-02-10-.10(4} or equivalent regulations of the NRC or an
Agreement State.

Table 7-2 of Rule 1200-02-10-.13 Special Requirements for Issuance of Specific Licenses is amended by deleting
the table in its entirety and substituting the following so that, as amended, Table 7-2 will read as follows:

Table RHS 7-2 Quantities of radioactive materials requiring consideration of the need for an emergency plan for
responding to a release.

Radioactive material 1 Release Quantity Radioactive material' Release Quantity
fraction (curies) fraction (curies)

Actinium-228 0.001 4.000 Gold-19B 0.01 30,000
Americium-241 0.001 2 Hafnium-172 0.01 400
Americium-242 0.001 2 Hafnium-181 0.Q1 7.000
Americium-243 0.001 2 Holmium-166m 0.Q1 100
Antimony-124 0.01 4.000 Hydrogen-3 0.5 20,000
Antimony-126 0.01 6,000 IOOino-125 0.5 10
Barium-133 0.01 10,000 IOOine-131 0.5 10
Barium-140 0.01 30,000 Indium-114m 0.01 1,000
Bismuth-207 0.01 5,000 Iridium-192 0.001 40.000
Bismuth-210 0.01 600 Iron-55 0.01 40.000
Cadmium-109 0.01 1,000 Iron-59 0.01 7.000
Cadmium-113 0.01 80 Krypton-85 1.0 8,000,000
Calcium·45 0.01 20,000 Lead-210 0.01 8
Carifornium-252 0.001 9 (20 m9) Manganese-56 0.Q1 60,000
Carbon-14 0.01 50,000 Mercury-203 0.01 10,000

NM-GG Molybdenum-99 0.01 30,000
Cerium-141 0.01 10,000 Neptunium-237 0.001 2
Cerium-144 0.01 300 Nlckel-63 0.01 20,000
Cesium-134 0.01 2,000 Niobium-94 0.01 300
Cesium-137 0.01 3,000 Phosphorus·32 0.5 100
Chlorine·36 0.5 100 Phosphorus-33 0.5 1,000
Chromium-51 0.01 300,000 Polonium·210 0.01 10
Coball-60 0.001 5,000 Potassium-42 0.01 9,000
Copper-64 0_01 200,000 Promethium·145 0.01 4,000
Curium-242 0.001 60 Promethium·147 0.01 4,000
Curium-243 0.001 3 Radium-226 0.001 100
Curium·244 0.001 4 Ruthenium-106 0.01 200
CUlium-245 0.001 2 Samalium-151 0.01 4,000
Europium-152 0.01 500 Scandium-46 0.01 3,000
Europium-154 0.01 400 Selenium-75 0.01 10,000
Europium-155 0.01 3,000 Slivel-11Om 0.01 1,000
Germanium-68 0.01 2,000 Sodium-22 0.01 9,000
Gadolinium-153 0.01 5,000 Sodium-24 0.Q1 10,000
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0.01
0.01
0.01
0.01
0.01
0.01

0.001

Strontium~89

Strontium~90

Sulfur-35
Technetium~99

Technetium-99m
Tellurium~127m

Tellurium~129m

Terbium~ 160
Thulium-170
Tin-113
Tin-123
Tin~126

Titanium~44

Vanadium~48

Xenon-133
Yttrium~91

0.01
0.01
0.5

0.01
0.01
0.Q1
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

1.0
0.01

3,000
90

900
10,000

400,000
5,000
5,000
4,000
4,000

10,000
3,000
1,000

100
7,000

900,000
2,000

Zinc-65
Zirconium-93
Zirconium~95

Any other beta~gamma emitter
Mixed fission products
Mixed corrosion products
Contaminated equipment beta~gamma
Irradiated material, any form other than
solid noncombustible 0.01
Irradiated material, solid noncombustible 0.001
Mixed radioactive waste, beta-gamma 0.01
Packaged mixed waste, beta-gamma2 0.001
Any other alpha emiller 0.001
Contaminated equipment, alpha 0.0001
Packaged waste, alpha2 0.0001
Combinations of radioactive materials listed above 1

5,000
400

5,000
10,000

1,000
10,000
10,000

1,000
10,000

1,000
10,000

2
20
20

2

For combinations of radioactive materials, consideration of the need for an emergency plan is required if the sum of the ratios of the
quantity of each radioactive material authorized to the quantity listed for that material in Table RHS 7-2 exceeds one.
Waste packaged in Type B containers does not require an emergency plan.
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Authority: T.CA §§ 68-202-201 et seq. and 4-5-201 et seq.

Rule 1200-02-10-.16 Specific Terms and Conditions of Licenses is amended by deleting the Rule in its entirety
and sUbstituting the following so that, as amended, Rule 1200-02-10-.16 shall read as follows:

(1) Each license issued pursuant to this Chapter shall be subject to all provisions of the Act, now or hereafter
in effect, and to all rules, regulations, and orders of the Division.

(2) Neither the license nor any right under the license shall be assigned or otherwise transferred in violation
of the provisions of the Act.

(3) Each person licensed by the Division pursuant to this Chapter shall confine has use and possession of
the materiai licensed to the locations and purposes authorized in the license.

(4) Each licensee authorized under Rule 1200-02-10-.13(5) to distribute certain devices to generally licensed
persons shall:

(a) Report to the Division within thirty (30) days after the end of each calendar quarter all transfers of
such devices to persons generally licensed under Rule 1200-02-10-.10(2) or, if no transfers have
been made during the reporting period, the report shall so indicate. For all transfers the report
shall identify each general licensee by name and address, an individual by name and/or position
who may constitute a point of contact between the Division and the general licensee, the type and
model number of device transferred and the quantity and type of radioactive material contained in
the device; and

(b) Furnish to each general licensee in this State to whom he transfers such device a copy of the
general license contained in Rule 1200-02-10-.10(2).

(5) Each specific licensee shall notify the Division in writing when the licensee decides to permanently
discontinue all activities involving radioactive materials authorized under the license.

(6) Each licensee preparing technetium-99m radiopharmaceuticals from molybdenum-99/technetium-99m
generators or rubidium-82 from strontium-82/rubidium-82 generators shall test the generator eluates for
molybdenum-99 breakthrough or strontium-82 and strontium-85 contamination, respectively, in
accordance with Rule 1200-02-07-.41. The licensee shall record the results of each test and retain each
record for three (3) years after the record is made.

(7) Each specific licensee and each general licensee meeting the criteria of paR Rule 1200-02-10-.10(2)(c)14
shall:

(a) Provide the Division written notification, at the address in Rule 1200-02-04-.07, immediately
following the filing of a voluntary or involuntary petition for bankruptcy under any Chapter of Title
11 (Bankruptcy) of the Uniled States Code (U.S. C.):

1. By or against the licensee;

2. By or against an entity (as that term is defined in 11 U.S.C. 101(14)) controlling the
licensee or listing the license or licensee as property of the estate; or

3. By or against an affiliate (as that term is defined in 11 U.S.C. 101 (2)) of the licensee;

(b) Include in the notification required in sUbparagraph (7J(a) of this Me paragraph the bankruptcy
court in which the petition for bankruptcy was filed; and

(c) Include in the notification required in sUbparagraph (7J(a) of this Me paragraph the date of the
filing of the petition.
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(8) When temporary job-sites are authorized on a specific license, radioactive material may be used at
temporary job-sites, in areas not under exclusive federal jurisdiction, throughout the State of Tennessee.

(9) Each portable gauge licensee shall use a minimum of two independent physical controls that form
tangible barriers to secure portable gauges from unauthorized removal, whenever portable gauges are
not under the control and constant surveillance of the licensee.

(10) (a) Authorization under Rule 1200-02-10-.11(8) to produce Positron Emission Tomography (PET)
radioactive drugs for noncommercial transfer to medical use licensees in its consortium does not
relieve the licensee from complying with applicable FDA, other Federal, and Agreement State
requirements governing radioactive drugs.

(b) Each licensee authorized under Rule 1200-02-10-.11 (8) to produce PET radioactive drugs for
noncommercial transfer to medical use licensees in its consortium shall:

1. Satisfy the labeling requirements in Rule 1200-o2-10-.13(10)(a)4 for each PET
radioactive drug transport radiation shield and each syringe, vial, or other container used
to hold a PET radioactive drug intended for noncommercial distribution to members of its
consortium; and

2. Possess and use instrumentation to measure the radioactivity of the PET radioactive
drugs Intended for noncommercial distribution to members of its consortium and meet the
procedural, radioactivity measurement, instrument test, instrument check, and instrument
adjustment requirements in Rule 1200-02-10-.13(1O)(c).

(c) A licensee that is a pharmacy authorized under Rule 1200-02-10-.11(8) to produce PET
radioactive drugs for noncommercial transfer to medical use licensees in its consortium shall
require that any individual that prepares PET radioactive drugs shall be:

1. An authorized nuclear pharmacist that meets the requirements in Rule 1200-02-10
.13(10)(b)2, or

2. An individual under the supervision of an authorized nuclear pharmacist as specified in
Rule 1200-02-07-.19.

(d) A pharmacy, authorized under Rule 1200-02-10-.11(8) to produce PET radioactive drugs for
noncommercial transfer to medical use licensees in its consortium that allows an individual to
work as an authorized nuclear pharmacist, shall meet the requirements of Rule 1200-02-10
.13(10)(b)5.

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

Rule 1200-02-10-.29 Reciprocal Recognition of Licenses is amended by adding paragraphs (4) and (5) to read as
follows:

(4) Before radioactive materials can be used at a temporary job site within the State at any Federal facility,
the jurisdictional status of the job site shall be determined. If the jurisdictional status is unknown, the
Federal agency should be contacted to determine if the job site is under exclusive Federal jurisdiction.

(a) In areas of exclusive Federal jurisdiction, the general license is subject to all the applicable rules,
regulations, orders and fees of the NRC, and

(b) Authorizations for use of radioactive materials at job sites under exclusive Federal jurisdiction
shall be obtained from the NRC by either:

1. Filing a NRC Form-241 in accordance with 10 CFR 150.20(b); or

2. By applying for a specific NRC license.
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(5) Before radioactive material can be used at a temporary job site in another State, authorization shall be
obtained for the State if it is an Agreement State. or from the NRC for any non-Agreement State, either by
filing for reciprocity or applying for a specific license.

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

Chapter 1200-02-11
Licensing Requirements for Land Disposal of Radioactive Waste

Amendments

SUbparagraph (c) of paragraph (1) of Rule 1200-02-11-.14 Transfer of License is amended by adding the words",
required by Rule 1200-02-11-.19(1 )(e) and (f)," between the words "care" and "will" so that, as amended.
sUbparagraph (c) shall read as follows:

(c) That any funds and necessary records for care, required by Rules 1200-02-11-.19(1)(e) and (f).
will be transferred to the disposal site owner;

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