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40.113(6) With the approval of the licensee or registrant and the workers’ representative, an indi-
vidual who is not routinely engaged in work under control of the licensee or registrant, for example, a
consultant to the licensee or registrant or to the workers’ representative, shall be afforded the opportu
nity to accompany Agency inspectors during the inspection of physical working conditions.

40.113(7) Notwithstanding the other provisions of 40.113(136C), Agency inspectors are autho-
rized to refuse to permit accompaniment by any individual who deliberately interferes with a fair and
orderly inspection. With regard to areas containing information classified by an agency of the U.S.
Government irthe interest of national security, an individual who accompanies an inspector may have
access to such information only if authorized to do so. With regard to any area containing proprietary
information, the workers’ representative for that area shall be an individual previously authorized by
the licensee or registrant to enter that area.

641—40.114(136C) Consultation with workers during inspections.

40.114(1) Agency inspectors may consult privately with workers concerning matters of occupa-
tional radiation protection and other matters related to applicable provisions of these rules and license
to the extent the inspectors deem necessary for the conduct of an effective and thorough inspectior

40.114(2) During the course of an inspection, any worker may bring privately to the attention of
the inspectors, either orally or in writing, any past or present condition which the worker has reason tc
believe may have contributed to or caused any violatitimeafct, these rules, or license condition, or
any unnecessary exposure of an individual to sources of radiation under the licensee’s or registrant’
control. Any such notice in writing shall comply with the requirements of 40.115(1).

40.114(3) The provisions of 40.114(2) shall not be interpreted as authorization to disregard in-
structions pursuant to 40.111(136C).

641—40.115(136C) Requests by workers for inspections.

40.115(1) Any worker or representative of workers believing that a violation of the Act, these
rules, or license conditions exists or has occurred in work under a license or registtiatiegard to
radiological working conditions in which the worker is engaged may request an inspection by giving
notice of the alleged violation to the Bureau of Radiological Health, lowa Department of Public
Health, Licas State Office Building, Des Moines, lowa 50319-0075. Any such notice shall be in writ-
ing, shall set forth the specific grounds for the notice, and shall be signed by the worker or representa
tive ofthe workers. A copy shall be provided to the licensee or registrant by the BuRsadiabgical
Health, no later than at the time of inspection except that, upon the request of the worker giving suct
notice, such worker’s name and the name of individuals referred to therein shall not appear in suckt
copy or on any record published, released, or made available by the Agency, except for good caus
shown.

40.115(2) If, upon receipt of such notice, the Bureau of Radiological Health determines that the
complaint meets the requirements set forth in 40.116(1), and that there are reasonable grounds to b
lieve that the alleged violation exists or has occurred, an inspection shall be made as soon as practicab
to determine if such alleged violation exists or has occurred. Inspections pursuant to 40.116(136C)
need not be limited to matters referred to in the complaint.

40.115(3) No licensee, registrant, or contractor or subcontractor of a licensee or registrant shall
discharge or in any manner discriminate against any worker because such worker has filed any com
plaint orinstituted or caused to be instituted any proceeding under these rules or has testified or is aboL
to testify in any such proceeding or because of the exercise by such worker on behalf of such worker o
others of any option afforded by this chapter.
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641—40.116(136C) Inspections not warranted—informal review.

40.116(1) a. If the Bureau of Radiological Health determines, with respect to a complaint under
this rule, that an inspection is not warranted because there are no reasonable grounds to believe that a
violation exists or has occurred, the Bureau of Radiological Health shall notify the complainant in writ-
ing of such determination. The complainant may obtain review of such determination by submitting a
written statement of position with the Attorney General’s Office. Such Agency will provide the licen-
see or registrant with a copy of such statement by certified mail, excluding, at the request of the com-
plainant, the name of the complainant. The licensee or registrant may submit an opposing written
statement of position with the Attorney General’'s Office. Such Agency will provide the complainant
with a copy of such statement by certified mail.

b. Uponthe request of the complainant, the Attorney General’s Office may hold an informal con-
ference in which the complainant and the licensee or registrant may orally present their views. An
informal conference may also be held at the request of the licensee or registrant, but disclosure of the
identity ofthe complainant will be made only following receipt of written authorization from the com-
plainant. After considering all written and oral views presented, the Attorney General’s Office shall
affirm, modify, or reverse the determination of the Radiation Control Program and furnish the com-
plainant and the licensee or registrant a written notification of the decision and the reason therefor.

40.116(2) If the Bureau of Radiological Health determines that an inspection is not warranted
because the requirements of 40.116(1) have not been met, the complainant shall be notified in writing
of such determination. Such determination shall be without prejudice to the filing of a new complaint
meeting the requirements of 40.116(1).

CHAPTER 40

APPENDIX A
PROTECTION FACTORS FOR RESPIRATORS

Protection Factofs Tested & Certified Equipment
Descriptior? Mode$ Particu- Particu- National Institute for
lates lates, Occupational Safety and
only gases, Health & Mine Safety and

vapor$ Health Administration
tests for permissibility

I.  AIR-PURIFYING RESPIRATORS

Facepiece, half-mask NP 10 30 CFR 11,
Facepiece, full NP 50 Subpart K.
Facepiece, half-mask PP 1000

full, or hood

Il. ATMOSPHERE-SUPPLYING
RESPIRATORS
1. Air-line respirator

Facepiece, half-mask CF 1000

Facepiece, half-mask D 5

Facepiece, full CF 2000

Facepiece, full D 5 30 CFR 11,
Facepiece, full PD 2000 Subpart J.
Hood CF 8

Suit CF 9 10
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2. Self-contained
breathing apparatus

(SCBA)

Facepiece, full D 50

Facepiece, full PD 10,048d 30 CFR 11,
Facepiece, full RD 50 Subpart H.
Facepiece, full RP 5,088

[ll. COMBINATION RESPIRATORS

Any combination of Protection factor
air-purifying and for type and mode 30 CFR 11,
atmosphere-supplying of operation as Sec. 11.63(b).
respirators listed above

FOOTNOTES

1. For use in the selection of respiratory protective equipment to be used only where the contaminants have been idéeified@edra-

tions, or possible concentrations, are known.

2. Only for shaven faces and where nothing interferes with the seal of tight-fitting facepieces against the skin. Hodslsieneagpted.

3. The mode symbols are defined as follows:

CF = continuous flow

D = demand

NP = negative pressure, that is, negative phase during inhalation

PD = pressure demand, that is, always positive pressure

PP = positive pressure

RD = demand, recirculating or closed circuit

RP = pressure demand, recirculating or closed circuit

4. a.  The protection factor is a measure of the degree of protection afforded by a respirator, defined as the ratio of thecaiceriicahe

radioactive material outside the respiratory protective equipment to that inside the equipment, usually inside the fadepiemeditions of use. Itis
applied to the ambient airborne concentration to estimate the concentrations inhaled by the wearer according to theofatiolaing f
Concentration inhaled = Ambient airborne concentration
Protection factor
b. The protection factors apply:

1) Only for individuals trained in using respirators and wearing properly fitted respirators that are used and maintaisigoenvidiem in a
well-planned respiratory protective program.

2) For air-purifying respirators only when high efficiency particulate filters, above 99.97% removal efficiency by thermetiyege0.31
dioctyl phthalate (DOP) test or equivalent, are used in atmospheres not deficient in oxygen and not containing radioactive gespiratapohazards.

3) No adjustment is to be made for the use of sorbents against radioactive material in the form of gases or vapors.

4) For atmosphere-supplying respirators only when supplied with adequate respirable air. Respirable air shall be phevipedityfand
quantityrequired in accordance with the National Institute for Occupational Safety and Health and the Mine Safety and Health thinciesittieation
described in 30 CFR 11. Oxygen and air shall not be used in the same apparatus.

5. Excluding radioactive contaminants that present an absorption or submersion Razaitium oxide, approximately one-third of the intake
occurs by absorption through the skin so that an overall protection factor of less than 2 is appropriate when atmosphgreespjppters are used to
protect against tritium oxide. If the protection factor for respiratory protective equipment is 5, the effective protéatitor fetium is about 1.4; with
protectionfactors of 10, the effective factor for tritium oxide is about 1.7; and with protection factors of 100 or more, the efteotiderftritium oxide is
about 1.9. Air-purifying respirators are not suitable for protection against tritium oxide. See also footnote 9 conpeliEdeagusuits.

6. Canisters and cartridges shall not be used beyond service-life limitations.

7. Under-chirtype only. This type of respirator is not satisfactory for use where it might be possible, such as, if an accident oy ermergenc
occur, for the ambient airborne concentrations to reach instantaneouggveaiesthan 10 times the pertinent values in Table I, Column 3 of Appendix B

of this chapterThis type of respirator is not suitable for protection against plutonium or other high-toxicity materials. The masksted fue fit prior to
use, each time it is donned.
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8. a. Equipmenthall be operated in a manner that ensures that proper air flow-rates are maintained. A protection factor of no more than 1000
may be utilized for tested-and-certified supplied-air hoods when a minimum air flow of 6 cubic feet per minuté/fir)7isrmaintained and calibrated
air line pressure gauges or flow measuring devices are used. A protection factor of up to 2000 may be used for te#fted bodd=eanly when the air
flow is maintained at the manufacturer’s recommended maximum rate for the equipment, this rate is greater than 6 cubic fee(@&7 mituie) and
calibrated air line pressure gauges or flow measuring devices are used.

b. The design of the supplied-air hood or helmet, with a minimum flow of 6 cubic feet per minute 30vid)rof air, may determine its overall
efficiency and the protection it provides. For example, some hoods aspirate contaminated air into the breathing zoweeatemtbiks with hands-
over-head. This aspiration may be overcome if a short capextiégsion to the hood is worn under a coat or overalls. Other limitations specified by the
approval agency shall be considered before using a hood in certain types of atmospheres. See footnote 9.

9. Appropriate protection factors shall be determined, taking into account the design of the suit and its permeabilitytéortinaciounder
conditions ofuse. There shall be a standby rescue person equipped with a respirator or other apparatus appropriate for the poseanticidoszama-
nications equipment whenever supplied-air suits are used.

10. No approval schedules are currently available for this equipment. Equipment is to be evaluated by testing or offi tbkebésigst infor-
mation.

11.  This type of respirator may provide greater protection and be used as an emergency device in unknown concentragactisricagaiist
inhalation hazards. External radiation hazards and other limitations to permitted exposure, such as skin absorpticakentstdadcount in such
circumstances.

12. Quantitativéit testing shall be performed on each individual, and no more than 0.02% leakage is allowed with this type of appaeptiss. Perc
ble outward leakage of gas from this or any positive pressure self-contained breathing apparatus is unacceptable beddeseilser/ieduced sub-
stantially. Special training in the use of this type of apparatus shall be provided to the wearer.

Note 1: Protection factors for respirators approved by the U.S. Bureau of Mines and the National Insti-
tute for Occupational Safety and Health, according to applicable approvals for respirators for type and
mode ofuse to protect against airborne radionuclides, may be used to the extent that they do not exceed
the protection factors listed in this table. The protection factors listed in this table may not be appropri-
ate to circumstances where chemical or other respiratory hazards exist in addition to radioactive haz-
ards. The selection and use of respirators for such circumstances should take into account applicable
approvals of the U.S. Bureau of Mines and the National Institute for Occupational Safety and Health.

Note 2: Radioactive contaminants, for which the concentration valuable [T Column 3 of Appen-

dix B of this chapter are based on internal dose due to inhalation, may present external exposure haz-
ards at higher concentrations. Under these circumstances, limitations on occupancy may have to be
governed by external dose limits.
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CHAPTER 40
APPENDIX B

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 | indicates the chemical form which is to be used for selecting the ap-
propriateALI or DAC value. The ALIs and DACs for inhalation are given for an aerosol with an activi-
ty median aerodynamic diameter (AMAD) ofufin, micron, and for three classes (D,W,Y) of radioac-
tive 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 thand#)@. &ble Il provides concentration limits
for airborne and liquid effluents released to the general environment. Table Il provides concentration
limits for discharges to sanitary sewerage.

Note: The values in Tables I, II, and Il are presented in the computer “E” notation. In this notation a
value of6E-02 represents a value 0k@072 or 0.06, 6E+2 represents<@l(? or 600, and 6E+0 repre-
sents 6< 1P or 6.

TABLE | “OCCUPATIONAL VALUES”

Notethat the columns in Table | of this appendix captioned “Oral Ingestion ALI,” “Inhalation ALI,”
and “DAC,” are applicable to occupational exposure to radioactive material.

The ALls in this appendix are the annual intakes of given radionuclide by “Reference Person”
which would result in either (1) a committed effective dose equivalent of 5 rem (0.05 Sv), stochastic
ALL, or (2) a committed dose equivalent of 50 rem (0.5 Sv) to an organ or tissue, nonstochastic ALI.
The stochastic ALls 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 5 rem (0.05 Sv). The derivation
includes multiplying the committed dose equivalent to an organ or tissue by a weighting factor, w
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 ware listed under the definition of weighting factor in 40.2. The nonstochastic ALIs
were derived to avoid nonstochastic effects, such as prompt damage to tissue or reduction in orga
function.

A value of w = 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 |
disregarded. The following portions of the Gl tract—stomach, small intestine, upper large intestine,
and lower large intestine—are to be treated as four separate organs.

The air concentration values listed in Table I, Column 1 were derived by one of two methods. For
those radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation
ALl was divided by 2.4« 10° (ml), relating the inhalation ALI to the DAC, as explained above, and
thendivided by a factor of 300. The factor of 300 includes the following components: a factor of 50 to
relate the 3em (0.05 Sv) annual occupational dose limit to the 0.1 rem limit for members of the public,
a factor of 3 to adjust for the difference in exposure time and the inhalation rate for a worker and that for
members of the public; and a factor of 2 to adjust the occupational values, derived for adults, so tha
they are applicable to other age groups.
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When arALl is defined by the stochastic dose limit, this value alone is given. When an ALl is deter-
mined by the nonstochastic 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 desig-
nations are used:

LLIwall = lower large intestine wall;
St. wall = stomach wall;

Blad wall = bladder wall; and

Bone surf = bone surface.

The use of the ALIs listed first, the more limiting of the stochastic and nonstochastic ALls, will en-
surethat nonstochastic effects are avoided and that the risk of stocHastis ifimited to an accepta-
bly low value. If, in a particular situation involving a radionuclide for which the nonstochastic ALI is
limiting, use of that nonstochastic ALI is considered unduly conservative, the licensee may use the
stochastic ALI taletermine the committed effective dose equivalent. However, the licensee shall also
ensure that the 50 rem (0.5 Sv) 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
effectivedose. For the case where there is no external dose contribution, this would be demonstrated if
the sum of the fractions of the nonstochastic ALIs (J\that contribute to the committed dose equiva-
lent to the organ receiving the highest dose does not exceed unity, théihtake (inpuCi) of each
radionuclide/ALl) < 1.0. Ifthere is an external deep dose equivalent contribution, ¢fiéh this sum
must be less than 1 - (80), instead of 1.0.

Notethat 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 occupa-
tional exposures. The relationship between the DAC and the ALI is given by:

DAC = ALI(in pCi)/(2000 hours per working year60 minutes/houk 2 x 10* ml per minute) =
[ALI/2.4 x 1P] uCi/ml, where 2x 10* ml is the volume of air breathed per minute at work by Reference
Person under working conditions of light work.

The DAC values relate to one of two modes of exposure: either external submersion or the internal
committeddose equivalents resulting from inhalation of radioactive materials. DACs based upon sub-
mersion are for immersion in a semi-infinite cloud of uniform concentration and apply to each radionu-
clide separately.

The ALI and DAC values include contributions to exposure by the single radionuclide named and
any in-growth of daughter radionuclides produced in the body by decay of the parent. However, in-
takes 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 in-
gestion or both, or when the individual is exposed to both internal and external irradiation. See
641—40.16(136C)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 radionu-
clides. For this reason, values are given for Class D, W, and Y compounds, even for very short-lived
radionuclides.
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TABLE Il “EFFLUENT CONCENTRATIONS”

The columns in Table Il of this appendix captioned “Effluents,” “Air” and “Water” are applicable to
the assessment and control of dose to the public, particularly in the implementation of the provisions of
641—40.27(136C). The concentration values given in Columns 1 and 2 of Table Il 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 0.05 rem (0.5 mSv).

Consideration of nonstochastic limits has not been included in deriving the air and water effluent
concentration limits because nonstochastic effects are presumed not to occur at or below the dose le
els established for individual members of the public. For radionuclides, where the nonstochastic limit
was governing in deriving the occupational DAC, the stochastic ALI was used in deriving the corre-
sponding airborne effluent limit in Table 1l. For this reason, the DAC and airborne effluent limits are
not always proportional as they were in Appendix A of this chapter of the eighth edition of Volume | of
the Suggested State Regulations for Control of Radiation.

The air concentration values listed in Table I, Column 1 were derived by one of two methods. For
those radionuclides for which the stochastic limit is governing, the occupational stochastic inhalation
ALl was divided by 2.4« 1 (ml), relating the inhalation ALI to the DAC, as explained above, and
thendivided by a factor of 300. The factor of 300 includes the following components: a factor of 50 to
relate the $em (0.05 Sv) annual occupational dose limit to the 0.1 rem limit for members of the public,
a factor of 3 to adjust for the difference in exposure time and the inhalation rate for a worker and that for
members of the public; and a factor of 2 to adjust the occupational values, derived for adults, so tha
they are applicable to other age groups.

For those radionuclides for which submersion, that is external dose, is limiting, the occupational
DAC in Table I, Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as
described above, and a factor of 4.38 relating occupational exposure for 2,000 hours per year to full
time exposure (8,760 hours per year). Note that an additional factor of 2 for age considerations is no
warranted in the submersion case.

The water concentrations were derived by taking the most restrictive occupational stochastic oral
ingestion ALI and dividing by.3x 107. The factor of 7.% 10’ (ml) includes the following compo-
nents: the factors of 50 and 2 described above and a factor &fT08(ml) which is the annual water
intake of Reference Person.

Note 2 of this appendix provides groupings of radionuclides which are applicable to unknown mix-
tures of radionuclides. These groupings, including occupational inhalation ALIs and DACs, air and
water effluent concentrations and releases to seeeprire demonstrating that the most limiting radio-
nuclides insuccessive classes are absent. The limit for the unknown mixture is defined when the pres-
ence 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 Il “RELEASES TO SEWERS”

The monthly average concentrations for release to sanitary sewerage are applicable to the provi
sions in 40.72. The concentration values were derived by taking the most restrictive occupational sto:
chasticoral ingestion ALI and dividing by 7.810° (ml). The factor of 7.3 1 (ml) is composed of a
factor of7.3x 1P (ml), the annual water intake by Reference Person, and a factor of 10, such that the
concentrations, ifhe sewage released by the licensee were the only source of water ingested by a Ref:
erence Person during a year, would result in a committed effective dose equivalent of 0.5 rem.
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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
lodine
Iridium

Iron
Krypton
Lanthanum
Lead
Lutetium
Magnesium
Manganese
Mendelevium

Public Health[641]

LIST OF ELEMENTS

Atomic
Symbol Number
Ac 89
Al 13
Am 95
Sh 51
Ar 18
As 33
At 85
Ba 56
Bk 97
Be 4
Bi 83
Br 35
Cd 48
Ca 20
Cf 98
C 6
Ce 58
Cs 55
Cl 17
Cr 24
Co 27
Cu 29
Cm 96
Dy 66
Es 99
Er 68
Eu 63
Fm 100
F 9
Fr 87
Gd 64
Ga 31
Ge 32
Au 79
Hf 72
Ho 67
H 1
In 49
| 53
Ir 77
Fe 26
Kr 36
La 57
Pb 82
Lu 71
Mg 12
Mn 25
Md 101

Name
Mercury
Molybdenum
Neodymium
Neptunium
Nickel
Niobium
Osmium
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

IAC 10/13/93

Atomic
Symbol Number
Hg 80
Mo 42
Nd 60
Np 93
Ni 28
Nb 41
Os 76
Pd 46
P 15
Pt 78
Pu 94
Po 84
K 19
Pr 59
Pm 61
Pa 91
Ra 88
Rn 86
Re 75
Rh 45
Rb 37
Ru 44
Sm 62
Sc 21
Se 34
Si 14
Ag 47
Na 11
Sr 38
S 16
Ta 73
Tc 43
Te 52
Th 65
T 81
Th 90
Tm 69
Sn 50
Ti 22
W 74
U 92
\% 23
Xe 54
Yb 70
Y 39
Zn 30
Zr 40
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Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
1  Hydrogen-3 Water, DAC includes
skin absorption 8E+4 8E+4 2E-5 1E-7 1E-3 1E-2

4  Beryllium-7

4  Beryllium-10

6 Carbon-1%2

6 Carbon-14

9  Fluorine-18

11 Sodium-22
11 Sodium-24
12 Magnesium-28

13  Aluminum-26

Gas (HT or T) Submersiok Use above values as HT andoKidize in air and in the body to HTO.

W, all compounds  4E+4

except those given

forY

Y, oxides, halides,

and nitrates -

W, seéBe 1E+3
LLI wall
(1E+3)

Y, see’Be -

Monoxide -

Dioxide -

Compounds 4E+5

Monoxide -

Dioxide -

Compounds 2E+3

D, fluorides of H, Li,

Na, K, Rb, Cs, and Fr 5E+4
St wall
(5E+4)

W, fluorides of Be,

Mg, Ca, Sr, Ba, Ra,

Al, Ga, In, Tl, As, Sb,

Bi, Fe, Ru, Os, Co,

Ni, Pd, Pt, Cu, Ag,

Au, Zn, Cd, Hg, Sc,

Y, Ti, Zr, V, Nb, Ta,

Mn, Tc, and Re

Y, lanthanum fluoride -

D, all compounds AE+2

D, all compounds 4E+3

D, all compounds
except those given
for W
W, oxides,
hydroxides, carbides,
halides, and nitrates -

TE+2

D, all compounds
except those given

for W 4E+2

W, oxides,
hydroxides, carbides,
halides, and nitrates -

2E+4

2E+4

2E+2

1E+1

1E+6
6E+5
4E+5

2E+6
2E+5
2E+3

TE+4

9E+4
8E+4

6E+2
5E+3

2E+3

1E+3

6E+1

9E+1

9E-6

8E-6
6E-8

6E-9
5E-4
3E-4
2E-4
7E-4
9E-5
1E-6

3E-5

4E-5
3E-5

3E-7
2E-6

TE-7

5E-7

3E-8

4E-8

3E-8

3E-8
2E-10

2E-11

2E-6
9E-7
6E-7

2E-6
3E-7
3E-9

1E-7

1E-7
1E-7

9E-10
7E-9

2E-9

2E-9

9E-11

1E-10

6E-4 6E-3
2E-5 2E-4
6E-3 6E-2
3E-5 3E-4
TE-4 7E-3
6E-6 6E-5
5E-5 5E-4
9E-6 9E-5
6E-6 6E-5
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Table | Table Il Table I
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (uCi) (1Ci) (1Ci/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
14 Silicon-31 D, all compounds
except those given
for Wand Y 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, oxides,
hydroxides, carbides,
and nitrates - 3E+4 1E-5 5E-8 - -
Y, aluminosilicate
glass - 3E+4 1E-5 4E-8 - -
14  Silicon-32 D, seélSi 2E+3 2E+2 1E-7 3E-10 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
W, see31Si - 1E+2 5E-8 2E-10 - -
Y, see3lsi - 5E+0 2E-9 7E-12 - -
15 Phosphorus-32 D, all compounds
except phosphates
given for W 6E+2 9E+2 4E-7 1E-9 9E-6 9E-5
W, phosphates of
Zn2+, 53+, M92+‘
Fe3*, Bi3*, and lan-
thanides - 4E+2 2E-7 5E-10 - -
15 Phosphorus-33 D, sé& 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4
W, see32p - 3E+3 1E-6 4E-9 - -
16 Sulfur-35 Vapor 1E+4 6E-6 2E-8 - -
D, sulfides and
sulfates except those
given for W 1E+4 2E+4 7E-6 2E-8 - -
LLI wall
(8E+3) - - - 1E-4 1E-3
W, elemental sulfur, 6E+3
sulfides of Sr, Ba,
Ge, Sn, Pb, As, Sh,
Bi, Cu, Ag, Au, Zn,
Cd, Hg, W, and Mo.
Sulfates of Ca, Sr,
Ba, Ra, As, Sh,
and Bi - 2E+3 9E-7 3E-9 - -
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17 Chlorine-36 D, chlorides of H,
Li, Na, K, Rb, Cs,
and Fr 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4
W, chlorides of
lanthanides, Be, Mg,
Ca, Sr, Ba, Ra, Al,
Ga, In, Tl, 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, Hf, V, Nb,
Ta, Cr, Mo, W, Mn,
Tc, and Re - 2E+2 1E-7 3E-10 - -
17 Chlorine-38 D, see36C| 2E+4 4E+4 2E-5 6E-8 - -
St wall
(3E+4) - - - 3E-4 3E-3
W, see36Cl - S5E+4 2E-5 6E-8 - -
17 Chlorine-38 D, see36Cl 2E+4 5E+4 2E-5 7E-8 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, see36Cl - 6E+4 2E-5 8E-8 - -
18 Argon-37 Submersidn - - 1E+0 6E-3 - -
18 Argon-39 Submersidn - - 2E-4 8E-7 - -
18 Argon-41 Submersidn - - 3E-6 1E-8 - -
19 Potassium-40 D, all compounds 3E+2 AE+2 2E-7 6E-10 4E-6 4E-5
19 Potassium-42 D, all compounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Potassium-43 D, all compounds 6E+3 9E+3 4E-6 1E-8 9E-5 9E-4
19 Potassium-# D, all compounds 2E+4 TE+4 3E-5 9E-8 - -
St wall
(4E+4) - - - 5E-4 5E-3
19 Potassium-% D, all compounds 3E+4 1E+5 5E-5 2E-7 - -
St wall
(5E+4) - - - TE-4 7E-3
20 Calcium-41 W, all compounds 3E+3 4E+3 2E-6 - - -
Bone surf Bone surf
(4E+3) (4E+3) - 5E-9 6E-5 6E-4
20 Calcium-45 W, all compounds 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calcium-47 W, all compounds 8E+2 9E+2 4E-7 1E-9 1E-5 1E-4
21 Scandium-43 Y, all compounds TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
21 Scandium-44m Y, all compounds 5E+2 TE+2 3E-7 1E-9 7E-6 7E-5
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21 Scandium-44 Y, all compounds 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4
21 Scandium-46 Y, all compounds 9E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(BE+3) - - - 4E-5 4E-4
21 Scandium-48 Y, all compounds 8E+2 1E+3 6E-7 2E-9 1E-5 1E-4
21 Scandium-4% Y, all compounds 2E+4 S5E+4 2E-5 8E-8 3E-4 3E-3
22 Titanium-44 D, all compounds
except those given
for Wand Y 3E+2 1E+1 5E-9 2E-11 4E-6 4E-5
W, oxides,
hydroxides, carbides,
halides, and nitrates - 3E+1 1E-8 4E-11 - -
Y, SrTi0 - 6E+0 2E-9 8E-12 - -
22 Titanium-45 D, seé*Ti 9E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, seef4Ti - 4E+4 1E-5 5E-8 - -
Y, see*Ti - 3E+4 1E-5 4E-8 - -
23 Vanadium-4% D, all compounds
except those given
for W 3E+4 8E+4 3E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, oxides,
hydroxides, carbides,
and halides - 1E+5 4E-5 1E-7 - -
23 Vanadium-48 D, se¥V 6E+2 1E+3 5E-7 2E-9 9E-6 9E-5
W, seet’V - 6E+2 3E-7 9E-10 - -
23 Vanadium-49 D, se¥V TE+4 3E+4 1E-5 - - -
LLIwall  Bone surf
(9E+4) (3E+4) - 5E-8 1E-3 1E-2
W, seet’v - 2E+4 8E-6 2E-8 - -
24 Chromium-48 D, all compounds
except those given
for Wand Y 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W, halides and
nitrates - 7TE+3 3E-6 1E-8 - -
Y, oxides and
hydroxides - TE+3 3E-6 1E-8 - -
24  Chromium-48 D, see?8Cr 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3
W, see?8Cr - 1E+5 4E-5 1E-7 - -
Y, see8Cr - 9E+4 4E-5 1E-7 - -
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24 Chromium-51 D, see*8Cr 4E+4 5E+4 2E-5 6E-8 5E-4 5E-3
W, see8Cr - 2E+4 1E-5 3E-8 - R
Y, see*8Cr - 2E+4 8E-6 3E-8 - -
25 Manganese-31 D, all compounds
except those given
for W 2E+4 S5E+4 2E-5 7E-8 3E-4 3E-3
W, oxides,
hydroxides, halides,
and nitrates - 6E+4 3E-5 8E-8 - -
25 Manganese-52f D, see>IMn 3E+4 9E+4 4E-5 1E-7 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, see>IMn - 1E+5 4E-5 1E-7 - -
25 Manganese-52 D, sé&vVin TE+2 1E+3 5E-7 2E-9 1E-5 1E-4
W, see®Mn - 9E+2 4E-7 1E-9 - -
25 Manganese-53 D, sétMn 5E+4 1E+4 5E-6 - 7E-4 7E-3
Bone surf
- (2E+4) - 3E-8 - -
W, see’Mn - 1E+4 5E-6 2E-8 - -
25 Manganese-54 D, s€&vin 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, sé&Mn 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
except those given
for W 9E+2 3E+3 1E-6 4E-9 1E-5 1E-4
W, oxides,
hydroxides, and
halides - 2E+3 1E-6 3E-9 - -
26  Iron-55 D, seé%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, se€%Fe 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4
W, see®ZFe - 5E+2 2E-7 7E-10 - -
26 Iron-60 D, se€%Fe 3E+1 6E+0 3E-9 9E-12 4E-7 4E-6
W, see?Fe - 2E+1 8E-9 3E-11 - -
27 Cobalt-55 W, all compounds
except those given
forY 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, oxides,
hydroxides, halides,
and nitrates - 3E+3 1E-6 4E-9 - -
27 Cobalt-56 W, se®Co 5E+2 3E+2 1E-7 4E-10 6E-6 6E-5
Y, see®>Co 4E+2 2E+2 8E-8 3E-10 - -
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27 Cobalt-57 W, see®>Co 8E+3 3E+3 1E-6 4E-9 6E-5 6E-4
Y, see55Co 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, see55Co - 6E+4 3E-5 9E-8 - -
27 Cobalt-58 W, seCo 2E+3 1E+3 5E-7 2E-9 2E-5 2E-4
Y, see55Co 1E+3 TE+2 3E-7 1E-9 - -
27 Cobalt-60ra W, see®>Co 1E+6 4E+6 2E-3 6E-6 - -
St wall
(1E+6) - - - 2E-2 2E-1
Y, see>5Co - 3E+6 1E-3 4E-6 - -
27 Cobalt-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-62 W, see’5Co 2E+4 BE+4 3E-5 9E-8 3E-4 3E-3
Y, see®>Co 2E+4 6E+4 2E-5 8E-8 - -
27 Cobalt-62r4 W, see®>Co AE+4 2E+5 7E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
Y, see®>Co - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compounds
except those given
for W 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
W, oxides,
hydroxides, and
carbides - 1E+3 5E-7 2E-9 - -
Vapor - 1E+3 5E-7 2E-9 - -
28 Nickel-57 D, se€6Ni 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, see®®Ni - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
28 Nickel-59 D, se€Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3
W, see®tNi - 7E+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -
28 Nickel-63 D, se€Ni 9E+3 2E+3 TE-7 2E-9 1E-4 1E-3
W, see®®Ni - 3E+3 1E-6 4E-9 - -
Vapor - 8E+2 3E-7 1E-9 - -
28 Nickel-65 D, se&6Ni 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see®®Ni - 3E+4 1E-5 4E-8 - -
Vapor - 2E+4 7E-6 2E-8 - -
28 Nickel-66 D, se€6Ni 4E+2 2E+3 TE-7 2E-9 - -
LLI wall
(5E+2) - - - 6E-6 6E-5
W, see®®Ni - 6E+2 3E-7 9E-10 - -
Vapor - 3E+3 1E-6 4E-9 - -
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29 Copper-668 D, all compounds
except those given
for Wand Y 3E+4 9E+4 4E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, sulfides, halides,
and nitrates - 1E+5 5E-5 2E-7 - -
Y, oxidesand
hydroxides - 1E+5 4E-5 1E-7 - -
29 Copper-61 D, se¥Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, seef0Cu - 4E+4 2E-5 6E-8 - -
Y, seef0Cu - 4E+4 1E-5 5E-8 - -
29 Copper-64 D, seé®Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, seef0Cu - 2E+4 1E-5 3E-8 - -
Y, seef0Cu - 2E+4 9E-6 3E-8 - -
29 Copper-67 D, se®¥Cu 5E+3 8E+3 3E-6 1E-8 6E-5 6E-4
W, seef0Cu - 5E+3 2E-6 7E-9 - -
Y, seef0Cu - 5E+3 2E-6 6E-9 - -
30 Zinc-62 Y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-63 Y, all compounds 2E+4 TE+4 3E-5 9E-8 - -
St wall
(3E+4) - - - 3E-4 3E-3
30 Zinc-65 Y, all compounds 4E+2 3E+2 1E-7 4E-10 5E-6 5E-5
30 Zinc-69m Y, all compounds 4E+3 7E+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-6¢% Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, all compounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
31 Gallium-62 D, all compounds
except thase given
forw 5E+4 2E+5 “7TE-5 “2E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
W, oxides,
hydroxides, carbides,
halides, and nitrates - 2E+5 8E-5 3E-7 - -
31 Gallium-66 D, sef5Ga 1E+3 4E+3 1E-6 5E-9 1E-5 1E-4
W, seef5Ga - 3E+3 1E-6 4E-9 R -
31 Gallium-67 D, sef5Ga 7E+3 1E+4 6E-6 2E-8 1E-4 1E-3
W, seef5Ga - 1E+4 4E-6 1E-8 - -
31 Gallium-6& D, se€f5Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, seef5Ga - 5E+4 2E-5 7E-8 - -
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31 Gallium-7¢ D, seef5Ga 5E+4 2E+5 7E-5 2E-7 - R
St wall
(TE+4) - - - 1E-3 1E-2
W, seef5Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D, sef5Ga 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, seef5Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-73 D, sef5Ga 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, seef5Ga - 2E+4 6E-6 2E-8 - -
32 Germanium-66 D, all compounds
except those given
for w 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
W, oxides, sulfides,
and halides - 2E+4 8E-6 3E-8 - -
32 Germanium-67 D, seef5Ge 3E+4 9E+4 4E-5 1E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
W, seefbGe - 1E+5 4E-5 1E-7 - -
32 Germanium-68 D, sé¥Ge 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4
W, seef6Ge - 1E+2 4E-8 1E-10 - -
32 Germanium-69 D, sé¥Ge 1E+4 2E+4 6E-6 2E-8 2E-4 2E-3
W, seefbGe - 8E+3 3E-6 1E-8 - -
32 Germanium-71 D, sé¥Ge 5E+5 4E+5 2E-4 6E-7 7E-3 7E-2
W, seefbGe - 4E+4 2E-5 6E-8 - -
32 Germanium-75 D, seef®Ge AE+4 8E+4 3E-5 1E-7 - -
St wall
(TE+4) - - - 9E-4 9E-3
W, seetGe - 8E+4 4E-5 1E-7 - -
32 Germanium-77 D, sé¥Ge 9E+3 1E+4 4E-6 1E-8 1E-4 1E-3
W, seefbGe - 6E+3 2E-6 8E-9 - -
32 Germanium-78 D, seé®®Ge 2E+4 2E+4 9E-6 3E-8 - -
St wall
(2E+4) - - - 3E-4 3E-3
W, seefbGe - 2E+4 9E-6 3E-8 - -
33  Arsenic-69 W, all compounds 3E+4 1E+5 5E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
33  Arsenic-78 W, all compounds 1E+4 5E+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W, all compounds 4E+3 5E+3 2E-6 6E-9 5E-5 5E-4
33 Arsenic-72 W, all compounds 9E+2 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-73 W, all compounds 8E+3 2E+3 7E-7 2E-9 1E-4 1E-3
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33 Arsenic-74 W, all compounds  1E+3 8E+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic-76 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 W, all compounds 4E+3 5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 6E-5 6E-4
33  Arsenic-78 W, all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
34 Selenium-79 D, all compounds
except those given
for W 2E+4 4E+4 2E-5 5E-8 1E-4 1E-3
W, oxides,
hydroxides, carbides,
and elemental Se 1E+4 AE+4 2E-5 6E-8 - -
34 Selenium-73rh D, see’0Se 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3
W, see’0Se 3E+4 1E+5 6E-5 2E-7 - -
34 Selenium-73 D, se®se 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4
W, see’0Se - 2E+4 7E-6 2E-8 - -
34 Selenium-75 D, se®Se 5E+2 TE+2 3E-7 1E-9 7E-6 7E-5
W, see’0Se - 6E+2 3E-7 8E-10 - -
34 Selenium-79 D, se®¥Se 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5
W, see’0Se - 6E+2 2E-7 8E-10 - -
34 Selenium-81m D, see’%Se 4E+4 TE+4 3E-5 9E-8 3E-4 3E-3
W, see’0Se 2E+4 TE+4 3E-5 1E-7 - -
34 Selenium-84 D, see’0Se 6E+4 2E+5 9E-5 3E-7 - -
St wall
(8E+4) - - - 1E-3 1E-2
W, see’0Se - 2E+5 1E-4 3E-7 - -
34 Selenium-83 D, see’0Se 4E+4 1E+5 5E-5 2E-7 4E-4 4E-3
W, see’0Se 3E+4 1E+5 5E-5 2E-7 - -
35 Bromine-74rA D, bromides of H,
Li, Na, K, Rb,
Cs, and Fr 1E+4 AE+4 2E-5 5E-8 - -
St wall
(2E+4) - - - 3E-4 3E-3
W, bromides of
lanthanides, Be, Mg,
Ca, Sr, Ba, Ra, Al,
Ga, In, T, 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, Hf, V, Nb,
Ta, Mn, Tc, and Re - AE+4 2E-5 6E-8 - -
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35 Bromine-72 D, see’4mBr 2E+4 TE+4 3E-5 1E-7 - R
St wall
(4E+4) - - - 5E-4 5E-3
W, see’4mMBr - 8E+4 4E-5 1E-7 R -
35 Bromine-7% D, see’4mBr 3E+4 5E+4 2E-5 7E-8 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, see’4mMBr - 5E+4 2E-5 7E-8 - -
35 Bromine-76 D, se&*mBr 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
W, see’4MBr - 4E+3 2E-6 6E-9 - -
35 Bromine-77 D, seé&*mBr 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3
W, see’4mMBr - 2E+4 8E-6 3E-8 - -
35 Bromine-80m D, se&#MBr 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3
W, see’4mMBr - 1E+4 6E-6 2E-8 - -
35 Bromine-88 D, see’4mBr 5E+4 2E+5 8E-5 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see’4MBr - 2E+5 9E-5 3E-7 - -
35 Bromine-82 D, seé™Br 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see’4mBr - 4E+3 2E-6 5E-9 - -
35 Bromine-83 D, se&MBr 5E+4 6E+4 3E-5 9E-8 - -
St wall
(TE+4) - - - 9E-4 9E-3
W, see’4mBr - 6E+4 3E-5 9E-8 - -
35 Bromine-84 D, see’4mBr 2E+4 6E+4 2E-5 8E-8 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, see’4mBr - 6E+4 3E-5 9E-8 - -
36 Krypton-74 Submersioh - - 3E-6 1E-8 - -
36 Krypton-76 Submersidn - - 9E-6 4E-8 - -
36 Krypton-77 Submersioh - - 4E-6 2E-8 - -
36 Krypton-79 Submersidn - - 2E-5 7E-8 - -
36 Krypton-81 Submersidn - - 7E-4 3E-6 - -
36 Krypton-83n# Submersioh - - 1E-2 5E-5 - -
36 Krypton-85m Submersién - - 2E-5 1E-7 - -
36 Krypton-85 Submersidn - - 1E-4 7E-7 - -
36 Krypton-82 Submersioh - - 5E-6 2E-8 - -
36 Krypton-88 Submersidn - - 2E-6 9E-9 - -
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37 Rubidium-7¢ D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
37 Rubidium-81M D, all compounds 2E+5 3E+5 1E-4 5E-7 - -
St wall
(3E+5) - - - 4E-3 4E-2
37 Rubidium-81 D, all compounds 4E+4 5E+4 2E-5 7E-8 5E-4 5E-3
37 Rubidium-82m D, all compounds 1E+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubidium-83 D, all compounds 6E+2 1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium-84 D, all compounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-86 D, all compounds 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-87 D, all compounds 1E+3 2E+3 6E-7 2E-9 1E-5 1E-4
37 Rubidium-88 D, all compounds 2E+4 6E+4 3E-5 9E-8 - -
St wall
(3E+4) - - - 4E-4 4E-3
37 Rubidium-88 D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
38 Strontium-88 D, all soluble
compounds
except SITiIO 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
Y, all insoluble
compounds
and SrTiO - 1E+4 5E-6 2E-8 - -
38 Strontium-8% D, see30sr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, seeB0Sr 2E+4 8E+4 3E-5 1E-7 - -
38 Strontium-82 D, se®sr 3E+2 4E+2 2E-7 6E-10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
Y, seeB0Sr 2E+2 9E+1 4E-8 1E-10 - -
38 Strontium-83 D, se®sr 3E+3 TE+3 3E-6 1E-8 3E-5 3E-4
Y, seeB0Sr 2E+3 4E+3 1E-6 5E-9 - -
38 Strontium-85A D, seed0Sr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2
Y, see80Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, se®Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
Y, seeB0sr - 2E+3 6E-7 2E-9 - -
38 Strontium-87m D, se®sr 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3
Y, see80Sr AE+4 2E+5 6E-5 2E-7 - -



Ch 40, p.46

Public Health[641]

IAC 10/13/93

Table | Table Il Table I
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (uCi) (1Ci) (1Ci/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
38 Strontium-89 D, seeB0Sr 6E+2 8E+2 4E-7 1E-9 - R
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see80Sr 5E+2 1E+2 6E-8 2E-10 - -
38  Strontium-90 D, se®sr 3E+1 2E+1 8E-9 - - -
Bone surf Bone surf
(4E+1)  (2E+1) - 3E-11 5E-7 5E-6
Y, seeB0sr - 4E+0 2E-9 6E-12 - -
38 Strontium-91 D, se®sr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4
Y, see80sr - 4E+3 1E-6 5E-9 - -
38 Strontium-92 D, se®sr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see80sr - 7E+3 3E-6 9E-9 - -
39 Yitrium-86n? W, all compounds
except those given
forY 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
Y, oxides and
hydroxides - 5E+4 2E-5 8E-8 - -
39  Yttrium-86 W, sedémy 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
Y, see86my - 3E+3 1E-6 5E-9 - -
39  VYttrium-87 W, sedémy 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
Y, see86my - 3E+3 1E-6 5E-9 - -
39 Yttrium-88 W, sedbmy 1E+3 3E+2 1E-7 3E-10 1E-5 1E-4
Y, see86my - 2E+2 1E-7 3E-10 - -
39  Yttrium-90m W, se€bmy 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
Y, see86my - 1E+4 5E-6 2E-8 - -
39  Yttrium-90 W, sedémy 4E+2 TE+2 3E-7 9E-10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, seeBbmy - 6E+2 3E-7 9E-10 - -
39  Vitrium-91n? W, seeBémy 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2
Y, see86my - 2E+5 7E-5 2E-7 - -
39  Yttrium-91 W, sedémy 5E+2 2E+2 7E-8 2E-10 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see86my - 1E+2 5E-8 2E-10 - -
39  Yttrium-92 W, se&b6my 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see86my - 8E+3 3E-6 1E-8 - -
39  Yttrium-93 W, sedb6my 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see86my - 2E+3 1E-6 3E-9 - -
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39  Yitrium-942 W, seeB6my 2E+4 8E+4 3E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
Y, see86my - 8E+4 3E-5 1E-7 - -
39  Yitrium-9% W, seeB6my 4AE+4 2E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
Y, see86my - 1E+5 6E-5 2E-7 - -
40 Zirconium-86 D, all compounds
except those given
for Wand Y 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
W, oxides,
hydroxides, halides,
and nitrates - 3E+3 1E-6 4E-9 - -
Y, carbide - 2E+3 1E-6 3E-9 - -
40 Zirconium-88 D, sefzr 4E+3 2E+2 9E-8 3E-10 5E-5 5E-4
W, seeB6zr - 5E+2 2E-7 7E-10 - -
Y, seeB6zr - 3E+2 1E-7 4E-10 - -
40  Zirconium-89 D, se86zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, seeB6zZr - 2E+3 1E-6 3E-9 - -
Y, see86zr - 2E+3 1E-6 3E-9 - -
40  Zirconium-93 D, se8zr 1E+3 6E+0 3E-9 - - -
Bone surf Bone surf
(3E+3)  (2E+1) - 2E-11 4E-5 4E-4
W, seeB6zr - 2E+1 1E-8 - - -
Bone surf
- (6E+1) - 9E-11 - -
Y, seed67r - 6E+1 2E-8 - - -
Bone surf
- (7TE+1) - 9E-11 - -
40  Zirconium-95 D, se&zr 1E+3 1E+2 5E-8 - 2E-5 2E-4
Bone surf
- (3E+2) - 4E-10 - -
W, seeB6zZr - 4E+2 2E-7 5E-10 - -
Y, see86zr - 3E+2 1E-7 4E-10 - -
40  Zirconium-97 D, se@6zr 6E+2 2E+3 8E-7 3E-9 9E-6 9E-5
W, seeB6zr - 1E+3 6E-7 2E-9 - -
Y, see86zr - 1E+3 5E-7 2E-9 - -
41 Niobium-8¢ W, all compounds
except those given
forY 5E+4 2E+5 9E-5 3E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2

Y, oxides and
hydroxides - 2E+5 9E-5 3E-7 - -
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41 Niobium-8% W, see38\b 1E+4 4E+4 2E-5 6E-8 1E-4 1E-3
(66 min) Y, seé8Nb - 4E+4 2E-5 5E-8 - -
41 Niobium-89 W, se€8N\b 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
(122 min) Y, seé8Nb - 2E+4 6E-6 2E-8 - -
41 Niobium-90 W, se€8\b 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
Y, see88N\b - 2E+3 1E-6 3E-9 - -
41 Niobium-93m W, se88Nb 9E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+4) - - - 2E-4 2E-3
Y, see88N\b - 2E+2 7E-8 2E-10 - -
41 Niobium-94 W, se€8N\b 9E+2 2E+2 8E-8 3E-10 1E-5 1E-4
Y, see88N\b - 2E+1 6E-9 2E-11 - -
41 Niobium-95m W, se8Nb 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see38Nb - 2E+3 9E-7 3E-9 - -
41  Niobium-95 W, se€8Nb 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
Y, see88N\b - 1E+3 5E-7 2E-9 - -
41 Niobium-96 W, se€8Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, seeB8Nb - 2E+3 1E-6 3E-9 - -
41 Niobium-972 W, see®8Nb 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, seeB8Nb - TE+4 3E-5 1E-7 - -
41 Niobium-9¢ W, seeB8Nb 1E+4 5E+4 2E-5 8E-8 2E-4 2E-3
Y, see88Nb - S5E+4 2E-5 7E-8 - -
42 Molybdenum-90 D, all compounds
except those given
forY 4E+3 7E+3 3E-6 1E-8 3E-5 3E-4
Y, oxides,
hydroxides, and MoS 2E+3 5E+3 2E-6 6E-9 - -
Molybdenum-
42 93m D, see®™Mo 9E+3 2E+4 7E-6 2E-8 6E-5 6E-4
Y, see®Mo 4E+3 1E+4 6E-6 2E-8 - -
42 Molybdenum-93 D, se¥Mo 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
Y, see9Mo 2E+4 2E+2 8E-8 2E-10 - -
42 Molybdenum-99 D, se¥Mo 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see%Mo 1E+3 1E+3 6E-7 2E-9 - -
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42 Molybdenum-
1012 D, see®™Mo AE+4 1E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
Y, see9Mo - 1E+5 6E-5 2E-7 - -
43 Technetium-93fh D, all compounds
except those given
for w 7E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, oxides,
hydroxides, halides,
and nitrates - 3E+5 1E-4 4E-7 - -
43 Technetium-93 D, sé8MTc 3E+4 TE+4 3E-5 1E-7 4E-4 4E-3
W, see?3MTc - 1E+5 4E-5 1E-7 - -
43 Technetium-94fh D, see?3MTc 2E+4 AE+4 2E-5 6E-8 3E-4 3E-3
W, see?3MTc - 6E+4 2E-5 8E-8 - -
43 Technetium-94 D, sé8"MTc 9E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see?3MTc - 2E+4 1E-5 3E-8 - -
43 Technetium-95m D, sé8MTc 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
W, see93mTc - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, sé8MTc 1E+4 2E+4 9E-6 3E-8 1E-4 1E-3
W, see¥3mTc - 2E+4 8E-6 3E-8 - -
43  Technetium-96f D, see?3MTc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2
W, see¥3mTc - 2E+5 1E-4 3E-7 - -
43 Technetium-96 D, sé8MTc 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
W, see93mTc - 2E+3 9E-7 3E-9 - -
43  Technetium-97m D, sé8™MTc 5E+3 TE+3 3E-6 - 6E-5 6E-4
St wall
(7TE+3) - 1E-8 - - -
W, see¥3mTc - 1E+3 5E-7 2E-9 - -
43  Technetium-97 D, sé8MTc AE+4 S5E+4 2E-5 7E-8 5E-4 5E-3
W, see93mTc - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D, sé8MTc 1E+3 2E+3 TE-7 2E-9 1E-5 1E-4
W, see93mTc - 3E+2 1E-7 4E-10 - -
43 Technetium-99m D, sé8Mc 8E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, see?3mTc - 2E+5 1E-4 3E-7 - -
43 Technetium-99 D, sé8™MTc 4E+3 5E+3 2E-6 - 6E-5 6E-4
St wall
(6E+3) - 8E-9 - - -
W, see?3MTc - 7E+2 3E-7 9E-10 - =
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43 Technetium-104 D, see?3MTc 9E+4 3E+5 1E-4 5E-7 - R
St wall
(1E+5) - - - 2E-3 2E-2
W, see3MTc - 4E+5 2E-4 5E-7 - -
43 Technetium-104 D, see?3MTc 2E+4 TE+4 3E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, see3MTc - 9E+4 4E-5 1E-7 - -
44 Ruthenium-92 D, all compounds
except those given
for Wand Y 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, halides - 6E+4 3E-5 9E-8 - -
Y, oxides and
hydroxides - 6E+4 2E-5 8E-8 - -
44  Ruthenium-97 D, se¥Ru 8E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see®Ru - 1E+4 5E-6 2E-8 - -
Y, see%4Ru - 1E+4 5E-6 2E-8 - -
44  Ruthenium-103 D, sé¥Ru 2E+3 2E+3 TE-7 2E-9 3E-5 3E-4
W, see®Ru - 1E+3 4E-7 1E-9 - -
Y, see®Ru - 6E+2 3E-7 9E-10 - -
44  Ruthenium-105 D, sé¥Ru 5E+3 1E+4 6E-6 2E-8 7E-5 7E-4
W, seeRu - 1E+4 6E-6 2E-8 - -
Y, see%Ru - 1E+4 5E-6 2E-8 - -
44  Ruthenium-106 D, sé¥Ru 2E+2 9E+1 4E-8 1E-10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
W, see®Ru - 5E+1 2E-8 8E-11 - -
Y, see%Ru - 1E+1 5E-9 2E-11 - -
45 Rhodium-99m D, all compounds
except those given
for Wand Y 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
W, halides - 8E+4 3E-5 1E-7 - -
Y, oxides and
hydroxides - TE+4 3E-5 9E-8 - -
45 Rhodium-99 D, se®™Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see®9™Rh - 2E+3 9E-7 3E-9 - -
Y, see®MRh - 2E+3 8E-7 3E-9 - -
45 Rhodium-100 D, seé®™Rh 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, see®9™Rh - 4E+3 2E-6 6E-9 - -
Y, see?9™Rh - 4E+3 2E-6 5E-9 - -
45 Rhodium-101m D, s€é®¥™Rh 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W, see®9™Rh - 8E+3 4E-6 1E-8 - -
Y, see?9"Rh - 8E+3 3E-6 1E-8 - -
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45 Rhodium-101 D, see®™Rh 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4
W, see®¥™Rh - 8E+2 3E-7 1E-9 - -
Y, see?9™Rh - 2E+2 6E-8 2E-10 - -
45 Rhodium-102m D, s€¥®™Rh 1E+3 5E+2 2E-7 7E-10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
W, see®9™Rh - 4E+2 2E-7 5E-10 - -
Y, see?9"Rh - 1E+2 5E-8 2E-10 - -
45 Rhodium-102 D, se®™Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5
W, see®9MRh - 2E+2 7E-8 2E-10 - -
Y, see?9TRh - 6E+1 2E-8 8E-11 - -
45 Rhodium-103@ D, see®™Rh 4E+5 1E+6 5E-4 2E-6 6E-3 6E-2
W, see®¥™Rh - 1E+6 5E-4 2E-6 - -
Y, see¥9"MRh - 1E+6 5E-4 2E-6 - -
45 Rhodium-105 D, seé®™Rh 4E+3 1E+4 5E-6 2E-8 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
W, see®MRh - 6E+3 3E-6 9E-9 - -
Y, see?9"Rh - 6E+3 2E-6 8E-9 - -
45 Rhodium-106m D, s€é¥"Rh 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, see?¥™Rh - AE+4 2E-5 5E-8 - -
Y, see?9"Rh - 4E+4 1E-5 5E-8 - -
45 Rhodium-107 D, see®™Rh TE+4 2E+5 1E-4 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see?¥™Rh - 3E+5 1E-4 4E-7 - -
Y, see?9MRh - 3E+5 1E-4 3E-7 - -
46 Palladium-100 D, all compounds
except those given
for Wand Y 1E+3 1E+3 6E-7 2E-9 2E-5 2E-4
W, nitrates - 1E+3 5E-7 2E-9 - -
Y, oxides and
hydroxides - 1E+3 6E-7 2E-9 - -
46 Palladium-101 D, se¥0Pd 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, seel00pd - 3E+4 1E-5 5E-8 - -
Y, seel00pPd - 3E+4 1E-5 4E-8 - -
46 Palladium-103 D, se¥%d 6E+3 6E+3 3E-6 9E-9 - -
LLI wall
(TE+3) - - - 1E-4 1E-3
W, seel00pd - 4E+3 2E-6 6E-9 - -

Y, seel00pd - 4E+3 1E-6 5E-9 R -
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46 Palladium-107 D, seel®pd 3E+4 2E+4 9E-6 - - R
LLIwall  Kidneys
(4E+4)  (2E+4) - 3E-8 5E-4 5E-3
W, seel00pd - 7E+3 3E-6 1E-8 - -
Y, seelf0pd - 4E+2 2E-7 6E-10 - -
46 Palladium-109 D, sé¥0%Pd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
W, seel%%pd - 5E+3 2E-6 8E-9 - -
Y, seel00pd - 5E+3 2E-6 6E-9 - -
47 Silver-102 D, all compounds
except those given
for Wand Y 5E+4 2E+5 8E-5 2E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
W, nitratescand
sulfides - 2E+5 9E-5 3E-7 - -
Y, oxidesaand
hydroxides - 2E+5 8E-5 3E-7 - -
47  Silver-103 D, seel02ag 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3
W, seel02ag - 1E+5 5E-5 2E-7 - -
Y, seel®2Ag - 1E+5 5E-5 2E-7 - -
47  Silver-104m D, seel02ag 3E+4 9E+4 4E-5 1E-7 4E-4 4E-3
W, seel02ag - 1E+5 5E-5 2E-7 - -
Y, seel02Ag - 1E+5 5E-5 2E-7 - -
47  Silver-104 D, seel02ag 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
W, seel02ag - 1E+5 6E-5 2E-7 - -
Y, seel02ag - 1E+5 6E-5 2E-7 - -
47  Silver-105 D, seé%?Ag 3E+3 1E+3 4E-7 1E-9 4E-5 4AE-4
W, seel02ag - 2E+3 7E-7 2E-9 - -
Y, seel02Ag - 2E+3 TE-7 2E-9 - -
47  Silver-106m D, se&’2ag 8E+2 TE+2 3E-7 1E-9 1E-5 1E-4
W, seel0ZAg - 9E+2 4E-7 1E-9 - -
Y, seel02Ag - 9E+2 4E-7 1E-9 - -
47  Silver-108 D, seel02Ag 6E+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
W, seel0?Ag - 2E+5 9E-5 3E-7 - -
Y, seel02Ag - 2E+5 8E-5 3E-7 - -
47  Silver-108m D, se&’2Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5
W, seel02ag - 3E+2 1E-7 4E-10 - -
Y, seel0?Ag - 2E+1 1E-8 3E-11 - -
47  Silver-110m D, set?Ag 5E+2 1E+2 5E-8 2E-10 6E-6 6E-5
W, seelf2ag - 2E+2 8E-8 3E-10 - -
Y, seel0?Ag - 9E+1 4E-8 1E-10 - -
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Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
47 Silver-111 D, seel0%Ag 9E+2 2E+3 6E-7 R - -
LLIwall  Liver
(1E+3)  (2E+3) - 2E-9 2E-5 2E-4
W, seel0?Ag - 9E+2 4E-7 1E-9 - -
Y, seel02ag = 9E+2 4E-7 1E-9 - -
47  Silver-112 D, seé0?Ag 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, seel0?Ag - 1E+4 4E-6 1E-8 - -
Y, seel02ag - 9E+3 4E-6 1E-8 - -
47  Silver-113 D, seel02ag 3E+4 9E+4 4E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, seel02Ag - 9E+4 4E-5 1E-7 - -
Y, seel02Ag - 8E+4 3E-5 1E-7 - -
48 Cadmium-104 D, all compounds
except those given
forwand Y 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3
W, sulfides, halides,
and nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and
hydroxides - 1E+5 5E-5 2E-7 - -
48 Cadmium-107 D, se¥4cd 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
W, seeld4cd - 6E+4 2E-5 8E-8 - -
Y, seet04cd - S5E+4 2E-5 7E-8 - -
48 Cadmium-109 D, sé¥4cd 3E+2 4E+1 1E-8 - - -
Kidneys  Kidneys
(4E+2)  (BE+1) - 7E-11 6E-6 6E-5
W, seetf4cd - 1E+2 5E-8 - - -
Kidneys
- (1E+2) - 2E-10 - -
Y, seeld4cd - 1E+2 5E-8 2E-10 - -
48 Cadmium-113m D, séé€4Cd 2E+1 2E+0 1E-9 - - -
Kidneys  Kidneys
(4E+1)  (4E+0) - 5E-12  5E-7 5E-6
W, seetf4cd - 8E+0 4E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, seel04Cd - 1E+1 5E-9 2E-11 - -
48 Cadmium-113 D, se¥4cd 2E+1 2E+0 9E-10 - - -
Kidneys  Kidneys
(3E+1)  (3E+0) - 5E-12  4E-7 4E-6
W, seet04cd - 8E+0 3E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -

Y, seel04Cd - 1E+1 6E-9 2E-11 = -
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48 Cadmium-115m D, seel%4Cd 3E+2 5E+1 2E-8 - 4E-6 4E-5
Kidneys
- (8E+1) - 1E-10 - -
W, seelf4Cd - 1E+2 5E-8 2E-10 - -
Y, seel%4cd - 1E+2 6E-8 2E-10 - -
48 Cadmium-115 D, se¥4Cd 9E+2 1E+3 6E-7 2E-9 R -
LLI wall
(1E+3) - - - 1E-5 1E-4
W, seelf4cd - 1E+3 5E-7 2E-9 - -
Y, seel04Ccd - 1E+3 6E-7 2E-9 - -
48 Cadmium-117m D, séé4Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4
W, seelf4cd - 2E+4 7E-6 2E-8 - -
Y, seel04Cd - 1E+4 6E-6 2E-8 - -
48 Cadmium-117 D, se¥4Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4
W, seel%4cd - 2E+4 7E-6 2E-8 - -
Y, seel%4cd - 1E+4 6E-6 2E-8 - -
49 Indium-109 D, all compounds
except those given
for W 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
W, oxides,
hydroxides, halides,
and nitrates - 6E+4 3E-5 9E-8 - -
49 Indium-116 D, seel®9n 2E+4 A4E+4 2E-5 6E-8 2E-4 2E-3
(69.1 min) W, sed09n - 6E+4 2E-5 8E-8 - -
49 Indium-110 D, se&®n 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9h) W, seé%In - 2E+4 8E-6 3E-8 - -
49  Indium-111 D, se&®n 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, seet®9n - 6E+3 3E-6 9E-9 - -
49 Indium-112 D, seel%n 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W, seel09n - 7E+5 3E-4 1E-6 - -
49  Indium-113m D, seel%n 5E+4 1E+5 6E-5 2E-7 TE-4 7E-3
W, seet®9n - 2E+5 8E-5 3E-7 - -
49  Indium-114m D, se&9n 3E+2 6E+1 3E-8 9E-11 - -
LLI wall
(4E+2) - - - 5E-6 5E-5
W, seet®9n - 1E+2 4E-8 1E-10 - -
49 Indium-115m D, se&¥n 1E+4 4AE+4 2E-5 6E-8 2E-4 2E-3
W, seet®9n - 5E+4 2E-5 TE-8 - -
49 Indium-115 D, se%In 4E+1 1E+0 6E-10 2E-12 5E-7 5E-6
W, seel09n - 5E+0 2E-9 8E-12 . -
49 Indium-116mM D, seel®n 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
W, seelf9n - 1E+5 5E-5 2E-7 - -



IAC 10/13/93 Public Health[641] Ch 40, p.55

Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
49 Indium-117n? D, seel%in 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, seel®9n = 4E+4 2E-5 6E-8 - -
49 Indium-117 D, seel%n 6E+4 2E+5 7E-5 2E-7 8E-4 8E-3
W, seel09n - 2E+5 9E-5 3E-7 - -
49  Indium-119m D, seel%n AE+4 1E+5 5E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
W, seel09n - 1E+5 6E-5 2E-7 - -
50 Tin-110 D, all compounds
except those given
for W 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4

W, sulfides, oxides,
hydroxides, halides,
nitrates, and stannic

phosphate - 1E+4 5E-6 2E-8 - -
50 Tin-112 D, seelllsn TE+4 2E+5 9E-5 3E-7 1E-3 1E-2
W, seell0sn - 3E+5 1E-4 4E-7 - -
50 Tin-113 D, seél0sn 2E+3 1E+3 5E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, seelllsn - 5E+2 2E-7 8E-10 - -
50 Tin-117m D, seél0sn 2E+3 1E+3 5E-7 - - -
LLIwall  Bone surf
(2E+3) (2E+3) - 3E-9 3E-5 3E-4
W, seelllsn - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, seéllsn 3E+3 2E+3 1E-6 3E-9 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W, seetllsn - 1E+3 4E-7 1E-9 - -
50 Tin-121m D, seéllsn 3E+3 9E+2 4E-7 1E-9 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
W, seetllsn - 5E+2 2E-7 8E-10 - -
50 Tin-121 D, sedl0sn 6E+3 2E+4 6E-6 2E-8 - -
LLI wall
(6E+3) - - - 8E-5 8E-4
W, seetllsn - 1E+4 5E-6 2E-8 - -
50 Tin-123n% D, seell0sn 5E+4 1E+5 5E-5 2E-7 7E-4 7E-3
W, seelllsn - 1E+5 6E-5 2E-7 - -
50 Tin-123 D, seél0sn 5E+2 6E+2 3E-7 9E-10 - -
LLI wall

(6E+2) - - - 9E-6 9E-5
W, seell0sn - 2E+2 7E-8 2E-10 .
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50 Tin-125 D, seelllsp 4E+2 9E+2 4E-7 1E-9 - -
LLI wall
(5E+2) - - - 6E-6 6E-5
W, seell0sn - 4E+2 1E-7 5E-10 - -
50 Tin-126 D, seéllsn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5
W, seell0sn - 7TE+1 3E-8 9E-11 - -
50 Tin-127 D, seél0sn 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
W, seell0sn - 2E+4 8E-6 3E-8 - -
50 Tin-128 D, seell0sn 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, seell0sn - 4E+4 1E-5 5E-8 - -
51 Antimony-11% D, all compounds
except those given
for W 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, oxides,
hydroxides halides
sulfides,suiléatss,
and nitrates - 3E+5 1E-4 4E-7 - -
51 Antimony-116m D, seell5Sh 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
W, seellssh - 1E+5 6E-5 2E-7 - -
51 Antimony-118 D, see!l5Sh 7E+4 3E+5 1E-4 4E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, seellssh - 3E+5 1E-4 5E-7 - -
51  Antimony-117 D, seé!5sh 7E+4 2E+5 9E-5 3E-7 9E-4 9E-3
W, seellssh - 3E+5 1E-4 4E-7 - -
51 Antimony-118m D, se&!5Sh 6E+3 2E+4 8E-6 3E-8 7E-5 7E-4
W, seellssp 5E+3 2E+4 9E-6 3E-8 - -
51 Antimony-119 D, seél5sh 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3
W, seell5sp 2E+4 3E+4 1E-5 4E-8 - -
51 Antimony-126 D, see!l5Sp 1E+5 4E+5 2E-4 6E-7 - -
(16 min) St wall
(2E+5) - - - 2E-3 2E-2
W, seellssp - 5E+5 2E-4 TE-7 - -
51 Antimony-120 D, seél5sSh 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
(5.76 d) W, seél5sh 9E+2 1E+3 5E-7 2E-9 - -
51 Antimony-122 D, seél5Sh 8E+2 2E+3 1E-6 3E-9 - .
LLI wall
(8E+2) - - - 1E-5 1E-4
W, seell5sp TE+2 1E+3 4E-7 2E-9 - -
51 Antimony-124m D, see!l5Sh 3E+5 8E+5 4E-4 1E-6 3E-3 3E-2
W, seell5sh 2E+5 6E+5 2E-4 8E-7 - -



IAC 10/13/93 Public Health[641] Ch 40, p.57

Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
51 Antimony-124 D, seell5sh 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5
W, seell5sh 5E+2 2E+2 1E-7 3E-10 - -
51 Antimony-125 D, seé!5Sh 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
W, seellssh - 5E+2 2E-7 7E-10 - -
51 Antimony-126mM D, see!l5Sh 5E+4 2E+5 8E-5 3E-7 - -
St wall
(TE+4) - - - 9E-4 9E-3
W, seell5sh - 2E+5 8E-5 3E-7 - -
51 Antimony-126 D, seé&l5sh 6E+2 1E+3 5E-7 2E-9 7E-6 7E-5
W, seell5sh 5E+2 S5E+2 2E-7 7E-10 - -
51 Antimony-127 D, seélSsh 8E+2 2E+3 9E-7 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W, seellssp TE+2 9E+2 4E-7 1E-9 - -
51 Antimony-128 D, seell5sh 8E+4 4E+5 2E-4 5E-7 - -
(10.4 min) St wall
(1E+5) - - - 1E-3 1E-2
W, seell5sSh - 4E+5 2E-4 6E-7 - -
51 Antimony-128 D, seél5sh 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
(9.01 h) W, sedl5sh - 3E+3 1E-6 5E-9 - -
51  Antimony-129 D, seé!5Sh 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, seellssh - 9E+3 4E-6 1E-8 - -
51 Antimony-138 D, see!l5Sp 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, seell5sh - 8E+4 3E-5 1E-7 - -
51 Antimony-132 D, seell5Sp 1E+4 2E+4 1E-5 - - -

Thyroid  Thyroid

(2E+4)  (4E+4) - 6E-8 2E-4 2E-3
W, seell5sh - 2E+4 1E-5 - - -
Thyroid
- (4E+4) - 6E-8 - -
52 Tellurium-116 D, all compounds
except those given
for W 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, oxides,
hydroxides, and
nitrates - 3E+4 1E-5 4E-8 - -
52 Tellurium-121m D, se&'fTe 5E+2 2E+2 8E-8 - - -
Bone surf Bone surf
(TE+2)  (4E+2) - 5E-10  1E-5 1E-4
W, seellbTe - 4E+2 2E-7 6E-10 - -
52 Tellurium-121 D, seélfTe 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4

W, seelléTe - 3E+3 1E-6 4E-9 - s
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52 Tellurium-123m D, seell6Te 6E+2 2E+2 9E-8 - - R
Bone surf Bone surf
(1E+3)  (5E+2) - 8E-10 1E-5 1E-4
W, seelléTe - 5E+2 2E-7 8E-10 R -
52 Tellurium-123 D, seéléTe 5E+2 2E+2 8E-8 - - -
Bone surf Bone surf
(1E+3)  (5E+2) - 7E-10  2E-5 2E-4
W, seelléTe - 4E+2 2E-7 - - -
Bone surf
- (1E+3) - 2E-9 - -
52 Tellurium-125m D, se&l6Te 1E+3 4E+2 2E-7 - - -
Bone surf Bone surf
(1E+3)  (1E+3) - 1E-9 2E-5 2E-4
W, seellTe - TE+2 3E-7 1E-9 - -
52 Tellurium-127m D, se&l6Te 6E+2 3E+2 1E-7 - 9E-6 9E-5
Bone surf
- (4E+2) - 6E-10 - -
W, seelléTe - 3E+2 1E-7 4E-10 - -
52  Tellurium-127 D, seélfTe TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, seelléTe - 2E+4 7E-6 2E-8 - -
52 Tellurium-129m D, se&lfTe 5E+2 6E+2 3E-7 9E-10 7E-6 7E-5
W, seelléTe - 2E+2 1E-7 3E-10 - -
52 Tellurium-128 D, seellfTe 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, seelléTe - TE+4 3E-5 1E-7 - -
52 Tellurium-131m D, se&lfTe 3E+2 AE+2 2E-7 - - -
Thyroid  Thyroid
(6E+2) (1LE+3) - 2E-9 8E-6 8E-5
W, seelléTe - 4E+2 2E-7 - - -
Thyroid
- (9E+2) - 1E-9 - -
52 Tellurium-132 D, seel!l6Te 3E+3 5E+3 2E-6 - - -
Thyroid  Thyroid
(6E+3) (1LE+4) - 2E-8 8E-5 8E-4
W, seellbTe - 5E+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52  Tellurium-132 D, seélfTe 2E+2 2E+2 9E-8 - - -
Thyroid  Thyroid
(TE+2)  (8E+2) - 1E-9 9E-6 9E-5
W, seellbre - 2E+2 9E-8 - - -
Thyroid
- (6E+2) - 9E-10 - -
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nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
52 Tellurium-133n? D, seellfTe 3E+3 5E+3 2E-6 R - -
Thyroid  Thyroid
(BE+3)  (1E+4) - 2E-8 9E-5 9E-4
W, seellbre - 5E+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52 Tellurium-133 D, seellfre 1E+4 2E+4 9E-6 - - -
Thyroid  Thyroid
(3E+4)  (6E+4) - 8E-8 4E-4 4E-3
W, seellbre - 2E+4 9E-6 - - -
Thyroid
- (6E+4) - 8E-8 - -
52 Tellurium-134 D, seellfTe 2E+4 2E+4 1E-5 - - -
Thyroid  Thyroid
(2E+4)  (5E+4) - 7E-8 3E-4 3E-3
W, seellbre - 2E+4 1E-5 - - -
Thyroid
- (5E+4) - 7E-8 - -
53 lodine-120m D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid
(1E+4) - - - 2E-4 2E-3
53 lodine-126 D, all compounds 4E+3 9E+3 4E-6 - - -
Thyroid  Thyroid
(8E+3)  (1E+4) - 2E-8 1E-4 1E-3
53 lodine-121 D, all compounds 1E+4 2E+4 8E-6 - - -
Thyroid  Thyroid
(3E+4)  (5E+4) - 7E-8 4E-4 4E-3
53 lodine-123 D, all compounds 3E+3 6E+3 3E-6 - - -
Thyroid  Thyroid
(1E+4) (2E+4) - 2E-8 1E-4 1E-3
53 lodine-124 D, all compounds 5E+1 8E+1 3E-8 - - -
Thyroid  Thyroid
(2E+2) (3E+2) - 4E-10 2E-6 2E-5
53 lodine-125 D, all compounds 4E+1 6E+1 3E-8 - - -
Thyroid  Thyroid
(1E+2) (2E+2) - 3E-10 2E-6 2E-5
53 lodine-126 D, all compounds 2E+1 4E+1 1E-8 - - -
Thyroid  Thyroid
(7TE+1) (1E+2) - 2E-10 1E-6 1E-5
53 lodine-128 D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
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53 lodine-129 D, all compounds 5E+0 9E+0 4E-9 - - -
Thyroid  Thyroid
(2E+1)  (3E+1) - 4E-11 2E-7 2E-6
53 lodine-130 D, all compounds 4E+2 TE+2 3E-7 - - -
Thyroid  Thyroid
(1E+3)  (2E+3) - 3E-9 2E-5 2E-4
53 lodine-131 D, all compounds 3E+1 5E+1 2E-8 - - -
Thyroid  Thyroid
(9E+1)  (2E+2) - 2E-10 1E-6 1E-5
53 lodine-132mM D, all compounds 4E+3 8E+3 4E-6 - - -
Thyroid  Thyroid
(1E+4)  (2E+4) - 3E-8 1E-4 1E-3
53 lodine-132 D, all compounds 4E+3 8E+3 3E-6 - - -
Thyroid  Thyroid
(9E+3)  (1E+4) - 2E-8 1E-4 1E-3
53 lodine-133 D, all compounds 1E+2 3E+2 1E-7 - - -
Thyroid  Thyroid
(5E+2)  (9E+2) - 1E-9 7E-6 7E-5
53 lodine-134 D, all compounds 2E+4 5E+4 2E-5 6E-8 - -
Thyroid
(3E+4) - - - 4E-4 4E-3
53 lodine-135 D, all compounds 8E+2 2E+3 TE-7 - - -
Thyroid  Thyroid
(3E+3) (4E+3) - 6E-9 3E-5 3E-4
54  Xenon-128 Submersioh - - 1E-5 4E-8 - -
54 Xenon-12% Submersioh - - 2E-6 1E-8 - -
54 Xenon-122 Submersién - - 7E-5 3E-7 - -
54  Xenon-123 Submersién - - 6E-6 3E-8 - -
54 Xenon-125 Submersién - - 2E-5 7E-8 - -
54 Xenon-127 Submersién - - 1E-5 6E-8 - -
54 Xenon-129m Submersidn - - 2E-4 9E-7 - -
54 Xenon-131m Submersidn - - 4E-4 2E-6 - -
54 Xenon-133m Submersidn - - 1E-4 6E-7 - -
54 Xenon-133 Submersién - - 1E-4 5E-7 - -
54  Xenon-135rA Submersioh - - 9E-6 4E-8 - -
54 Xenon-135 Submersién - - 1E-5 7E-8 - -

54 Xenon-138 Submersioh - - 4E-6 2E-8 - -
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Occupational Values Effluent Releases to

Concentrations Sewers

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

Oral Monthly

Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
55 Cesium-128 D, all compounds 5E+4 1E+5 6E-5 2E-7 - -

St wall

(9E+4) - - - 1E-3 1E-2
55 Cesium-127 D, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3
55 Cesium-129 D, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
55 Cesium-139 D, all compounds 6E+4 2E+5 8E-5 3E-7 - -

St wall

(1E+5) - - - 1E-3 1E-2
55 Cesium-131 D, all compounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
55 Cesium-132 D, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m D, all compounds 1E+5 1E+5 6E-5 2E-7 - -

St wall

(1E+5) - - - 2E-3 2E-2
55 Cesium-134 D, all compounds 7E+1 1E+2 4E-8 2E-10 9E-7 9E-6
55 Cesium-135/h D, all compounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2
55 Cesium-135 D, all compounds TE+2 1E+3 5E-7 2E-9 1E-5 1E-4
55 Cesium-136 D, all compounds 4E+2 7E+2 3E-7 9E-10 6E-6 6E-5
55 Cesium-137 D, all compounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5
55 Cesium-138 D, all compounds 2E+4 6E+4 2E-5 8E-8 - -

St wall

(BE+4) - - - 4E-4 4E-3
56 Barium-128 D, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4
56 Barium-128 D, all compounds 5E+2 2E+3 TE-7 2E-9 7E-6 7E-5
56 Barium-131rd D, all compounds 4E+5 1E+6 6E-4 2E-6 - -

St wall

(5E+5) - - - 7E-3 7E-2
56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
56 Barium-133m D, all compounds 2E+3 9E+3 4E-6 1E-8 - -

LLI wall

(3E+3) - - - 4E-5 4E-4
56 Barium-133 D, all compounds 2E+3 TE+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m D, all compounds 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4
56 Barium-139 D, all compounds 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
56 Barium-140 D, all compounds 5E+2 1E+3 6E-7 2E-9 - -

LLI wall

(6E+2) - - - 8E-6 8E-5
56 Barium-14% D, all compounds 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
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Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (uCi) (1Ci) (1Ci/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
56 Barium-142 D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum-13 D, all compounds
except those given
for W S5E+4 1E+5 5E-5 2E-7 6E-4 6E-3
W, oxides and
hydroxides - 2E+5 7E-5 2E-7 - -
57 Lanthanum-132 D, séélia 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
W, seel3l a - 1E+4 5E-6 2E-8 - -
57 Lanthanum-135 D, séélLa 4E+4 1E+5 4E-5 1E-7 5E-4 5E-3
W, seel3lLa - 9E+4 4E-5 1E-7 - -
57 Lanthanum-137 D, séélLa 1E+4 6E+1 3E-8 - 2E-4 2E-3
Liver
- (TE+1) - 1E-10 - -
W, seel3l a - 3E+2 1E-7 - - -
Liver
- (BE+2) - 4E-10 - -
57 Lanthanum-138 D, séélia 9E+2 4E+0 1E-9 5E-12 1E-5 1E-4
W, seel3l a - 1E+1 6E-9 2E-11 - -
57 Lanthanum-140 D, séélia 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, seel3l a - 1E+3 5E-7 2E-9 - -
57 Lanthanum-141 D, séélLa 4E+3 9E+3 4E-6 1E-8 5E-5 SE-4
W, seel3l a - 1E+4 5E-6 2E-8 - -
57 Lanthanum-142 D, see!3la 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, seel3l a - 3E+4 1E-5 5E-8 - -
57 Lanthanum-1438 D, see!3la 4E+4 1E+5 4E-5 1E-7 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, seel3l a - 9E+4 4E-5 1E-7 - -
58 Cerium-134 W, all compounds
except those given
forY 5E+2 TE+2 3E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, oxides,
hydroxides, and
fluorides - TE+2 3E-7 9E-10 - -
58 Cerium-135 W, seb¥Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y, seel34Ce - 4E+3 1E-6 5E-9 - -
58 Cerium-137m W, seB4Ce 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4

Y, seel34Ce - 4E+3 2E-6 5E-9 - -
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Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
58 Cerium-137 W, seel34Ce 5E+4 1E+5 6E-5 2E-7 7TE-4 7E-3
Y, seel34Ce - 1E+5 5E-5 2E-7 R -
58 Cerium-139 W, seb34Ce 5E+3 8E+2 3E-7 1E-9 7E-5 7E-4
Y, seel3Ce - TE+2 3E-7 9E-10 - -
58 Cerium-141 W, seb¥Ce 2E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, seel3Ce - 6E+2 2E-7 8E-10 - -
58 Cerium-143 W, seB34Ce 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seel34Ce - 2E+3 7E-7 2E-9 - -
58 Cerium-144 W, se8¥Ce 2E+2 3E+1 1E-8 4E-11 - -
LLI wall
(3E+2) - - - 3E-6 3E-5
Y, seel34Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium- W, all compounds
1362 except those given
fory 5E+4 2E+5 1E-4 3E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
Y, oxides,
hydroxides, carbides,
and fluorides - 2E+5 9E-5 3E-7 - -
59 Praseodymium- W, séé%r 4E+4 2E+5 6E-5 2E-7 5E-4 5E-3
1372 Y, seel36pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium- W, séé%r 1E+4 SE+4 2E-5 8E-8 1E-4 1E-3
138m Y, sed36pr - AE+4 2E-5 6E-8 - -
59 Praseodymium- W, séé%r AE+4 1E+5 5E-5 2E-7 6E-4 6E-3
139 Y, seé36pr - 1E+5 5E-5 2E-7 - -
59 Praseodymium- W, séé%r 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
142n? Y, seel36pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium- W, séé%r 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
142 Y, seé-36pr - 2E+3 8E-7 3E-9 - -
59 Praseodymium- W, séé%r 9E+2 8E+2 3E-7 1E-9 - -
143 LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seel36pr - TE+2 3E-7 9E-10 - -
59 Praseodymium- W, séé%r 3E+4 1E+5 5E-5 2E-7 - -
144 St wall
(4E+4) - - - 6E-4 6E-3
Y, seel36pr - 1E+5 5E-5 2E-7 - -
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59 Praseodymium- W, seel36Pr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
145 Y, see36pPr - 8E+3 3E-6 1E-8 - -
59 Praseodymium- W, séé®%r 5E+4 2E+5 8E-5 3E-7 - R
147 St wall
(BE+4) - - - 1E-3 1E-2
Y, seel36pr - 2E+5 8E-5 3E-7 - -
60 Neodymium-13% W, all compounds
except those given
forY 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3
Y, oxides,
hydroxides, carbides,
and fluorides - 5E+4 2E-5 8E-8 - -
60 Neodymium-138 W, se&6Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, seel3&Nd - 5E+3 2E-6 7E-9 - -
60 Neodymium- W, se&36Nd 5E+3 2E+4 7E-6 2E-8 7E-5 7E-4
139m Y, seé-36Nd - 1E+4 6E-6 2E-8 - -
60 Neodymium- W, se&36Nd 9E+4 3E+5 1E-4 5E-7 1E-3 1E-2
13 Y, seel3Nd - 3E+5 1E-4 4E-7 - -
60 Neodymium-141 W, se&6Nd 2E+5 7E+5 3E-4 1E-6 2E-3 2E-2
Y, seel3tNd - 6E+5 3E-4 9E-7 - -
60 Neodymium-147 W, se&6Nd 1E+3 9E+2 4E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seel36Nd - 8E+2 4E-7 1E-9 - -
60 Neodymium-143 W, seel36Nd 1E+4 3E+4 1E-5 4E-8 1E-4 1E-3
Y, seel36Nd - 2E+4 1E-5 3E-8 - -
60 Neodymium-152 W, see'36Nd TE+4 2E+5 8E-5 3E-7 9E-4 9E-3
Y, seel3eNd - 2E+5 8E-5 3E-7 - -
61 Promethium-144 W, all compounds
except those given
forY S5E+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
Y, oxides,
hydroxides, carbides,
and fluorides - 2E+5 7E-5 2E-7 - -
61 Promethium-143 W, séé¥Pm 5E+3 6E+2 2E-7 8E-10 7E-5 7E-4
Y, seel4lPm - TE+2 3E-7 1E-9 - -
61 Promethium-144 W, séé¥Pm 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4
Y, seel4lpm - 1E+2 5E-8 2E-10 - =
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Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
61 Promethium-145 W, seel4lPm 1E+4 2E+2 7E-8 R 1E-4 1E-3
Bone surf
- (2E+2) - 3E-10 - -
Y, seel4lpm - 2E+2 8E-8 3E-10 . -
61 Promethium-146 W, séé¥Pm 2E+3 5E+1 2E-8 7E-11 2E-5 2E-4
Y, seel4lPpm - 4E+1 2E-8 6E-11 . -
61 Promethium-147 W, séé¥Pm 4E+3 1E+2 5E-8 - - R
LLIwall  Bone surf
(5E+3)  (2E+2) - 3E-10 7E-5 7E-4
Y, seel4lPm - 1E+2 6E-8 2E-10 - -
61 Promethium- W, seEPm TE+2 3E+2 1E-7 4E-10 1E-5 1E-4
148m Y, seé4Pm - 3E+2 1E-7 5E-10 - -
61 Promethium-148 W, sééPm 4E+2 S5E+2 2E-7 8E-10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, seel4lPm - 5E+2 2E-7 7E-10 - -
61 Promethium-149 W, sééPm 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seel4lPm - 2E+3 8E-7 2E-9 - -
61 Promethium-150 W, sééPm 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
Y, seel4lPm - 2E+4 7E-6 2E-8 - -
61 Promethium-151 W, séé¥Pm 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
Y, seel4lPm - 3E+3 1E-6 4E-9 - -
62 Samarium-141/ W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
62 Samarium-144 W, all compounds 5E+4 2E+5 8E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
62 Samarium-142 W, all compounds 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
62 Samarium-145 W, all compounds 6E+3 5E+2 2E-7 7E-10 8E-5 8E-4
62 Samarium-146 W, all compounds 1E+1 4E-2 1E-11 - - -
Bone surf Bone surf
(BE+1)  (6E-2) - 9E-14  3E-7 3E-6
62 Samarium-147 W, all compounds 2E+1 4E-2 2E-11 - - -
Bone surf Bone surf
(BE+1)  (7E-2) - 1E-13  4E-7 4E-6
62 Samarium-151 W, all compounds 1E+4 1E+2 4E-8 - - -
LLIwall  Bone surf
(1E+4) (2E+2) - 2E-10 2E-4 2E-3
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
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Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (uCi) (1Ci) (1Ci/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
62 Samarium-153 W, all compounds  2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
62 Samarium-155 W, all compounds 6E+4 2E+5 9E-5 3E-7 - -
St wall
(8E+4) - - - 1E-3 1E-2
62 Samarium-156 W, all compounds 5E+3 9E+3 4E-6 1E-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 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
63 Europium-147 W, all compounds 3E+3 2E+3 TE-7 2E-9 4E-5 4E-4
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 5E-10 1E-5 1E-4
63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 1E-8 4E-5 4E-4
(12.62 h)
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
(34.2y)
63 Europium-152m W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Europium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E-4
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+1 4E-8 - 5E-5 5E-4
Bone surf
- (1E+2) - 2E-10 - -
63 Europium-156 W, all compounds 6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
63 Europium-157 W, all compounds 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
63 Europium-158 W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64 Gadolinium-148 D, all compounds
except those given
for W S5E+4 2E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 6E-4 6E-3
W, oxides,
hydroxides,
and fluorides - 2E+5 7E-5 2E-7 - -
64 Gadolinium-146 D, sek¥#*Gd 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4
W, seel45Gd - 3E+2 1E-7 4E-10 - -
64 Gadolinium-147 D, se¥5Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4
W, seel45Gd - 4E+3 1E-6 5E-9 - -
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Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
64 Gadolinium-148 D, seel45Gd 1E+1 8E+3 3E-12 R - -
Bone surf Bone surf
(2E+1)  (2E+2) - 2E-14  3E-7 3E-6
W, seel45Gd - 3E-2 1E-11 - - -
Bone surf
- (6E-2) - 8E-14 - -
64 Gadolinium-149 D, sek¥Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4
W, seel45Gd - 2E+3 1E-6 3E-9 - -
64 Gadolinium-151 D, se¥Gd 6E+3 4E+2 2E-7 - 9E-5 9E-4
Bone surf
- (6E+2) - 9E-10 - -
W, seel45Gd - 1E+3 5E-7 2E-9 - -
64 Gadolinium-152 D, sek¥Gd 2E+1 1E-2 4E-12 - - -
Bone surf Bone surf
(BE+1)  (2E-2) - 3E-14  4E-7 4E-6
W, seel45Gd - 4E-2 2E-11 - - -
Bone surf
- (8E-2) - 1E-13 - -
64 Gadolinium-153 D, se¥Gd 5E+3 1E+2 6E-8 - 6E-5 6E-4
Bone surf
- (2E+2) - 3E-10 - -
W, seel45Gd - 6E+2 2E-7 8E-10 - -
64 Gadolinium-159 D, se¥Gd 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, seel45Gd - 6E+3 2E-6 8E-9 - -
65 Terbium-142 W, all compounds 9E+3 3E+4 1E-5 5E-8 1E-4 1E-3
65 Terbium-149 W, all compounds 5E+3 TE+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 TE+3 3E-6 1E-8 7E-5 TE-4
65 Terbium-154 W, all compounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-155 W, all compounds 6E+3 8E+3 3E-6 1E-8 8E-5 8E-4
65 Terbium-156m W, all compounds 2E+4 3E+4 1E-5 4E-8 2E-4 2E-3
(5.0 h)
65 Terbium-156m W, all compounds 7E+3 8E+3 3E-6 1E-8 1E-4 1E-3
(24.4 h)
65 Terbium-156 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbium-157 W, all compounds S5E+4 3E+2 1E-7 - - -
LLI wall  Bone surf
(5E+4)  (6E+2) - 8E-10  7E-4 7E-3
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65 Terbium-158 W, all compounds  1E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-8 3E-10 1E-5 1E-4
65 Terbium-161 W, all compounds 2E+3 2E+3 TE-7 2E-9 - -

LLI wall

(2E+3) - - - 3E-5 3E-4
66 Dysprosium-155 W, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
66 Dysprosium-157 W, all compounds 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
66 Dysprosium-159 W, all compounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium-165 W, all compounds 1E+4 5E+4 2E-5 6E-8 2E-4 2E-3
66 Dysprosium-166 W, all compounds 6E+2 T7E+2 3E-7 1E-9 - -

LLI wall

(8E+2) - - - 1E-5 1E-4
67 Holmium-15% W, all compounds AE+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-161 W, all compounds 1E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Holmium-162M W, all compounds S5E+4 3E+5 1E-4 4E-7 7E-4 7E-3
67 Holmium-162 W, all compounds S5E+5 2E+6 1E-3 3E-6 - -

St wall

(8E+5) - - - 1E-2 1E-1
67 Holmium-164mM W, all compounds 1E+5 3E+5 1E-4 4E-7 1E-3 1E-2
67 Holmium-164 W, all compounds 2E+5 6E+5 3E-4 9E-7 - -

St wall

(2E+5) - - - 3E-3 3E-2
67 Holmium-166m W, all compounds 6E+2 7TE+0 3E-9 9E-12 9E-6 9E-5
67 Holmium-166 W, all compounds 9E+2 2E+3 TE-7 2E-9 - -

LLI wall

(9E+2) - - - 1E-5 1E-4
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 1E-6 4E-9 - -

LLI wall

(4E+3) - - - 5E-5 5E-4
68 Erbium-171 W, all compounds 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

(E+3) - - - 2E-5 2E-4
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69 Thulium-162 W, all compounds  7E+4 3E+5 1E-4 4E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
69 Thulium-166 W, all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4
69 Thulium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
69 Thulium-170 W, all compounds 8E+2 2E+2 9E-8 3E-10 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
69 Thulium-171 W, all compounds 1E+4 3E+2 1E-7 - - -
LLIwall  Bone surf
(1E+4)  (6E+2) - 8E-10 2E-4 2E-3
69 Thulium-172 W, all compounds TE+2 1E+3 5E-7 2E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
69 Thulium-173 W, all compounds 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
69 Thulium-17% W, all compounds 7E+4 3E+5 1E-4 4E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
70  Ytterbium-162 W, all compounds
except those given
forY TE+4 3E+5 1E-4 4E-7 1E-3 1E-2
Y, oxides,
hydroxides,
and fluorides - 3E+5 1E-4 4E-7 - -
70 Ytterbium-166 W, se&?vb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
Y, seelb2yb - 2E+3 8E-7 3E-9 - -
70 Ytterbium-162 W, seel®2vp 3E+5 8E+5 3E-4 1E-6 4E-3 4E-2
Y, seel62yp - TE+5 3E-4 1E-6 - -
70 Ytterbium-169 W, se&b2yh 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
Y, seel62yp - TE+2 3E-7 1E-9 - -
70 Ytterbium-175 W, seéb2yh 3E+3 4E+3 1E-6 5E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
Y, seel62yp = 3E+3 1E-6 5E-9 - -
70 Ytterbium-17¢ W, seel62yb 2E+4 S5E+4 2E-5 7E-8 2E-4 2E-3
Y, seelb2yp - S5E+4 2E-5 6E-8 - -
70 Yiterbium-178 W, seel62yb 1E+4 AE+4 2E-5 6E-8 2E-4 2E-3
Y, seelb2yp - AE+4 2E-5 5E-8 - -
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71 Lutetium-169 W, all compounds
except those given
forY 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4
Y, oxides,
hydroxides, and
fluorides - 4E+3 2E-6 6E-9 - -
71 Lutetium-170 W, se&Lu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4
Y, seelb9u - 2E+3 8E-7 3E-9 - -
71 Lutetium-171 W, set®9Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4
Y, seelb9u - 2E+3 8E-7 3E-9 - -
71 Lutetium-172 W, set®9Lu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
Y, seel69y - 1E+3 5E-7 2E-9 - -
71 Lutetium-173 W, set®9Lu 5E+3 3E+2 1E-7 - 7E-5 7E-4
Bone surf
- (BE+2) - 6E-10 - -
Y, seelb9u - 3E+2 1E-7 4E-10 - -
71 Lutetum-174m W, se¥9%u 2E+3 2E+2 1E-7 - - -
LLIwall  Bone surf
(3E+3)  (3E+2) - 5E-10  4E-5 4E-4
Y, seel®du - 2E+2 9E-8 3E-10 - -
71  Lutetium-174 W, se&59Lu 5E+3 1E+2 5E-8 - 7E-5 TE-4
Bone surf
- (2E+2) - 3E-10 - -
Y, seel®9u - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, se¥fALu 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
Y, seel®9Lu - 2E+4 9E-6 3E-8 - -
71 Lutetium-176 W, seé®9u TE+2 5E+0 2E-9 - 1E-5 1E-4
Bone surf
- (1E+1) - 2E-11 - -
Y, seel®9Lu - 8E+0 3E-9 1E-11 - -
71 Lutetium-177m W, se¥9%u TE+2 1E+2 5E-8 - 1E-5 1E-4
Bone surf
- (1E+2) - 2E-10 - -
Y, seel®9Lu - 8E+1 3E-8 1E-10 - -
71  Lutetium-177 W, seé9u 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(BE+3) - - - 4E-5 4E-4
Y, seel®9Lu - 2E+3 9E-7 3E-9 - -
71 Lutetium-178A W, seel®9u 5E+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
Y, seelb9u - 2E+5 7E-5 2E-7 - -
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71 Lutetium-178 W, seel®9u 4E+4 1E+5 5E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
Y, seel69y s 1E+5 5E-5 2E-7 - -
71 Lutetium-179 W, se&9%Lu 6E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, seel69y = 2E+4 6E-6 3E-8 - -
72 Hafnium-170 D, all compounds
except those given
for W 3E+3 6E+3 2E-6 8E-9 4E-5 4E-4
W, oxides
hydroxides,cathides,
and nitrates - 5E+3 2E-6 6E-9 - -
72 Hafnium-172 D, se&’OHf 1E+3 9E+0 4E-9 - 2E-5 2E-4
Bone surf
- (2E+1) - 3E-11 - -
W, seel 70Hf - 4E+1 2E-8 - - -
Bone surf
- (6E+1) - 8E-11 - -
72 Hafnium-173 D, se&’OHf 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, seel 70Hf - 1E+4 5E-6 2E-8 - -
72 Hafnium-175 D, se&’OHf 3E+3 9E+2 4E-7 - 4E-5 4E-4
Bone surf
- (1E+3) - 1E-9 - -
W, seel70Hf - 1E+3 5E-7 2E-9 - -
72 Hafnium-177 D, seel70Hf 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
W, seel70Hf - 9E+4 4E-5 1E-7 - -
72 Hafnium-178m D, se¥/0Hf 3E+2 1E+0 5E-10 - 3E-6 3E-5
Bone surf
- (2E+0) - 3E-12 - -
W, seel70Hf - 5E+0 2E-9 - - -
Bone surf
- (9E+0) - 1E-11 - -
72 Hafnium-179m D, seb/O0Hf 1E+3 3E+2 1E-7 - 1E-5 1E-4
Bone surf
- (6E+2) - 8E-10 - -
W, seel70Hf - 6E+2 3E-7 8E-10 - -
72 Hafnium-180m D, seb/0Hf TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, seel70Hf - 3E+4 1E-5 4E-8 - -
72 Hafnium-181 D, se&’0Hf 1E+3 2E+2 7E-8 - 2E-5 2E-4
Bone surf
- (4E+2) - 6E-10 - -
W, seel70Hf - 4E+2 2E-7 6E-10 - -
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72 Hafnium-182m D, seel70Hf 4E+4 9E+4 4E-5 1E-7 5E-4 5E-3
W, seel70Hf - 1E+5 6E-5 2E-7 - -
72  Hafnium-182 D, se&’0Hf 2E+2 8E-1 3E-10 - - -
Bone surf Bone surf
(4E+2)  (2E+0) - 2E-12  5E-6 5E-5
W, seel 70Hf - 3E+0 1E-9 . - -
Bone surf
- (7TE+0) - 1E-11 - -
72 Hafnium-183 D, seel70Hf 2E+4 5E+4 2E-5 6E-8 3E-4 3E-3
W, seel70Hf - 6E+4 2E-5 8E-8 - -
73 Tantalum-172 W, all compounds
except those given
forY 4E+4 1E+5 5E-5 2E-7 5E-4 5E-3
Y, elemental Ta,
oxides, hydroxides,
halides, carbides,
nitrates, and nitrides - 1E+5 4E-5 1E-7 - -
73  Tantalum-173 W, se¥'2Ta 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, seel’2Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-174 W, seel’2Ta 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
Y, seel’2Ta - 9E+4 4E-5 1E-7 - -
73 Tantalum-175 W, se¥'?Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
Y, seel’2Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, se€2Ta 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4
Y, seel’2Ta - 1E+4 5E-6 2E-8 - -
73 Tantalum-177 W, se€?Ta 1E+4 2E+4 8E-6 3E-8 2E-4 2E-3
Y, seel’2Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-178 W, se¥'2Ta 2E+4 9E+4 4E-5 1E-7 2E-4 2E-3
Y, seel’2Ta - TE+4 3E-5 1E-7 - -
73 Tantalum-179 W, se¥'2Ta 2E+4 5E+3 2E-6 8E-9 3E-4 3E-3
Y, seel’2Ta - 9E+2 4E-7 1E-9 - -
73 Tantalum-180m W, séd?Ta 2E+4 TE+4 3E-5 9E-8 3E-4 3E-3
Y, seel’2Ta - 6E+4 2E-5 8E-8 - -
73 Tantalum-180 W, se€'2Ta 1E+3 4E+2 2E-7 6E-10 2E-5 2E-4
Y, seel’2Ta - 2E+1 1E-8 3E-11 - -
73 Tantalum-182f W, seel’2Ta 2E+5 5E+5 2E-4 8E-7 - -
St wall
(2E+5) - - - 3E-3 3E-2
Y, seel’2Ta - 4E+5 2E-4 6E-7 - -
73 Tantalum-182 W, se€'2Ta 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4
Y, seel”2Ta - 1E+2 6E-8 2E-10 R -
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73 Tantalum-183 W, seel’?Ta 9E+2 1E+3 5E-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seel’2Ta - 1E+3 4E-7 1E-9 - s
73 Tantalum-184 W, se¥'?2Ta 2E+3 5E+3 2E-6 8E-9 3E-5 3E-4
Y, seel’2Ta - 5E+3 2E-6 7E-9 - =
73 Tantalum-18% W, seel’?Ta 3E+4 TE+4 3E-5 1E-7 4E-4 4E-3
Y, seel’2Ta - 6E+4 3E-5 9E-8 - -
73 Tantalum-186 W, seel’?Ta 5E+4 2E+5 1E-4 3E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
Y, seel’2Ta - 2E+5 9E-5 3E-7 - -
74 Tungsten-176 D, all compounds 1E+4 5E+4 2E-5 7E-8 1E-4 1E-3
74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 1E-7 3E-4 3E-3
74 Tungsten-178 D, all compounds 5E+3 2E+4 8E-6 3E-8 7E-5 TE-4
74 Tungsten-17d D, all compounds 5E+5 2E+6 7E-4 2E-6 7E-3 7E-2
74 Tungsten-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 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
74  Tungsten-187 D, all compounds 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 wall
(5E+2) - - - 7E-6 7E-5
75 Rhenium-177 D, all compounds
except those given
for W 9E+4 3E+5 1E-4 4E-7 - -
St wall
(1E+5) - - - 2E-3 2E-2
W, oxides,
hydroxides, and
nitrates - 4E+5 1E-4 5E-7 - -
75 Rhenium-178 D, seel’Re TE+4 3E+5 1E-4 4E-7 - -
St wall
(1E+5) - - - 1E-3 1E-2
W, seel’Re - 3E+5 1E-4 4E-7 - -
75 Rhenium-181 D, se¢Re 5E+3 9E+3 4E-6 1E-8 7E-5 7TE-4
W, seel’/Re - 9E+3 4E-6 1E-8 R -
75 Rhenium-182 D, se¥¢Re 7TE+3 1E+4 5E-6 2E-8 9E-5 9E-4

(12.7 h) W, sed?Re - 2E+4 6E-6 2E-8 - -
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75 Rhenium-182 D, seel’Re 1E+3 2E+3 1E-6 3E-9 2E-5 2E-4
(64.0 h) W, seé’Re - 2E+3 9E-7 3E-9 - -
75 Rhenium-184m D, séé'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, seel’Re - 4E+2 2E-7 6E-10 - -
75 Rhenium-184 D, se¥'Re 2E+3 4E+3 1E-6 5E-9 3E-5 3E-4
W, seel’’Re - 1E+3 6E-7 2E-9 - -
75 Rhenium-186m D, séé’Re 1E+3 2E+3 7E-7 - - -
St wall St wall
(2E+3)  (2E+3) - 3E-9 2E-5 2E-4
W, seel’’Re - 2E+2 6E-8 2E-10 - -
75 Rhenium-186 D, se¥'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, seel’Re - 2E+3 7E-7 2E-9 - -
75 Rhenium-187 D, se€éRe 6E+5 8E+5 4E-4 - 8E-3 8E-2
St wall
(9E+5) - 1E-6 - - -
W, seel’Re - 1E+5 4E-5 1E-7 - -
75 Rhenium-188/ D, seel’’Re 8E+4 1E+5 6E-5 2E-7 1E-3 1E-2
W, seel’Re - 1E+5 6E-5 2E-7 - -
75 Rhenium-188 D, se¥é'Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4
W, seel’Re - 3E+3 1E-6 4E-9 - -
75 Rhenium-189 D, se€'Re 3E+3 5E+3 2E-6 7E-9 4E-5 4E-4
W, seel’Re - 4E+3 2E-6 6E-9 - -
76 Osmium-188 D, all compounds
except those given
forWand Y 1E+5 4E+5 2E-4 5E-7 1E-3 1E-2
W, halides and
nitrates - 5E+5 2E-4 7E-7 - -
Y, oxidesaand
hydroxides - 5E+5 2E-4 6E-7 - -
76 Osmium-18% D, seel8i0s 1E+4 AE+4 2E-5 6E-8 2E-4 2E-3
W, seel800s - S5E+4 2E-5 6E-8 - -
Y, seel800s - AE+4 2E-5 6E-8 - -
76 Osmium-182 D, seb¥00s 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W, seel800s - 4E+3 2E-6 6E-9 - -
Y, seel800s - 4E+3 2E-6 6E-9 - -
76  Osmium-185 D, se¥00s 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4
W, seel800s - 8E+2 3E-7 1E-9 - -
Y, seel800s - 8E+2 3E-7 1E-9 - -
76 Osmium-189m D, se0s 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, seel800s - 2E+5 9E-5 3E-7 - -
Y, seel800s - 2E+5 7E-5 2E-7 - -



IAC 10/13/93 Public Health[641] Ch 40, p.75
Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
76 Osmium-191m D, seel800s 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, seel800s - 2E+4 8E-6 3E-8 R -
Y, seel800s - 2E+4 7E-6 2E-8 - -
76 Osmium-191 D, se¥%0s 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(3E+3) - - - 3E-5 3E-4
W, seel800s - 2E+3 TE-7 2E-9 - -
Y, seel800s - 1E+3 6E-7 2E-9 - -
76 Osmium-193 D, se¥00s 2E+3 5E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
W, seel800s - 3E+3 1E-6 4E-9 - -
Y, seel800s - 3E+3 1E-6 4E-9 - -
76 Osmium-194 D, se¥00s 4E+2 4E+1 2E-8 6E-11 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
W, seel8d0s - 6E+1 2E-8 8E-11 - -
Y, seel800s - 8E+0 3E-9 1E-11 - -
77  Iridium-182 D, all compounds
except those given
for Wand Y 4E+4 1E+5 6E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
W, halides, nitrates,
and metallic iridium - 2E+5 6E-5 2E-7 - -
Y, oxides and
hydroxides - 1E+5 5E-5 2E-7 - -
77 Iridium-184 D, seéd2r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, seel8r - 3E+4 1E-5 5E-8 - -
Y, seeld2r - 3E+4 1E-5 4E-8 - -
77  Iridium-185 D, seéd2r 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, seel8r - 1E+4 5E-6 2E-8 - -
Y, seel82r - 1E+4 4E-6 1E-8 - -
77  Iridium-186 D, sed82r 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, seel82r - 6E+3 3E-6 9E-9 - -
Y, seel82r - 6E+3 2E-6 8E-9 - -
77  Iridium-187 D, seé8r 1E+4 3E+4 1E-5 5E-8 1E-4 1E-3
W, seel8r - 3E+4 1E-5 4E-8 - -
Y, seel82r R 3E+4 1E-5 4E-8 - -
77  Iridium-188 D, sed8r 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
W, seel82r - 4E+3 1E-6 5E-9 - -
Y, seel82r - 3E+3 1E-6 5E-9 - -



Ch 40, p.76

Public Health[641]

IAC 10/13/93

Table | Table Il Table I
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average
Atomic Radio- Class ALl ALl DAC Air Water Concentration
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77 Iridium-189 D, seel8r 5E+3 5E+3 2E-6 7E-9 - R
LLI wall
(5E+3) - - - 7E-5 7E-4
W, seel8r - 4E+3 2E-6 5E-9 - .
Y, seel8r - 4E+3 1E-6 5E-9 - .
77  Iridium-190n? D, seel8r 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
W, seel8r - 2E+5 9E-5 3E-7 - -
Y, seel8r - 2E+5 8E-5 3E-7 - -
77 Iridium-190 D, seé82r 1E+3 9E+2 4E-7 1E-9 1E-5 1E-4
W, seel8r - 1E+3 4E-7 1E-9 - -
Y, seel82r - 9E+2 4E-7 1E-9 - -
77 Iridium-192m D, seé82r 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
W, seel8ar - 2E+2 9E-8 3E-10 - -
Y, seel8r - 2E+1 6E-9 2E-11 - -
77 Iridium-192 D, seéd2r 9E+2 3E+2 1E-7 4E-10 1E-5 1E-4
W, seel8r - 4E+2 2E-7 6E-10 - -
Y, seel®r - 2E+2 9E-8 3E-10 - -
77  Iridium-194m D, seé82r 6E+2 9E+1 4E-8 1E-10 9E-6 9E-5
W, seel8ar - 2E+2 7E-8 2E-10 - -
Y, seel82r - 1E+2 4E-8 1E-10 - -
77 Iridium-194 D, seé82r 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, seel8r - 2E+3 9E-7 3E-9 - -
Y, seel8r - 2E+3 8E-7 3E-9 - -
77  Iridium-195m D, seé82r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, seel82r - 3E+4 1E-5 4E-8 - -
Y, seel8r - 2E+4 9E-6 3E-8 - -
77 Iridium-195 D, seé82r 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, seel8r - 5E+4 2E-5 7E-8 - -
Y, seel82r - AE+4 2E-5 6E-8 - -
78 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum-188 D, all compounds 2E+3 2E+3 TE-7 2E-9 2E-5 2E-4
78 Platinum-189 D, all compounds 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
(3E+4) - - - 4E-5 4E-4
78 Platinum-193 D, all compounds 4E+4 2E+4 1E-5 3E-8 - -
LLI wall
(5E+4) - - - 6E-4 6E-3
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nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
78 Platinum-195m D, all compounds  2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
78 Platinum-197fh D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
78 Platinum-197 D, all compounds 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
78 Platinum-199 D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
78 Platinum-200 D, all compounds 1E+3 3E+3 1E-6 5E-9 2E-5 2E-4
79 Gold-193 D, all compounds
except those given
for Wand Y 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, halides and
nitrates - 2E+4 9E-6 3E-8 - -
Y, oxides and
hydroxides - 2E+4 8E-6 3E-8 - -
79 Gold-194 D, seé%Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, seel93Au - 5E+3 2E-6 8E-9 - -
Y, seel93Au - 5E+3 2E-6 7E-9 - -
79 Gold-195 D, seé%3Au 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, seel93Au - 1E+3 6E-7 2E-9 - -
Y, seel93Au - 4E+2 2E-7 6E-10 - -
79 Gold-198m D, se&3Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, seel93Au - 1E+3 5E-7 2E-9 - -
Y, seel93Au - 1E+3 5E-7 2E-9 - -
79 Gold-198 D, seé%3Au 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W, seel93Au - 2E+3 8E-7 3E-9 - -
Y, seel93Au - 2E+3 7E-7 2E-9 - -
79 Gold-199 D, seé%3Au 3E+3 9E+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
W, seel93au - 4E+3 2E-6 6E-9 - -
Y, seel93Au - 4E+3 2E-6 5E-9 - -
79 Gold-200m D, set3Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, seel93Au - 3E+3 1E-6 4E-9 - -
Y, seel93Au - 2E+4 1E-6 3E-9 - -
79 Gold-206 D, seel93Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, seel93Au - 8E+4 3E-5 1E-7 - -
Y, seel93Au - TE+4 3E-5 1E-7 - -
79 Gold-202 D, seel93Au TE+4 2E+5 9E-5 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, seel93Au - 2E+5 1E-4 3E-7 - -
Y, seel93Au = 2E+5 9E-5 3E-7 - -
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80 Mercury-193m  Vapor - 8E+3 4E-6 1E-8 - -
Organic D 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
D, sulfates 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, oxides,
hydroxides, halides,
nitrates, and sulfides - 8E+3 3E-6 1E-8 - -
80 Mercury-193 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
D, seel93mHg 2E+4 AE+4 2E-5 6E-8 2E-4 2E-3
W, seel93mHg - 4E+4 2E-5 6E-8 - -
80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
Organic D 2E+1 3E+1 1E-8 4E-11 2E-7 2E-6
D, seel93mHg 8E+2 4E+1 2E-8 6E-11 1E-5 1E-4
W, seel93mHg - 1E+2 5E-8 2E-10 - -
80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - -
Organic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
D, seel93mHg 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
W, seel93mHg - 4E+3 2E-6 5E-9 - -
80 Mercury-195 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3
D, seel93mHg 1E+4 4E+4 1E-5 5E-8 2E-4 2E-3
W, seel93mHg - 3E+4 1E-5 5E-8 - -
80 Mercury-197m Vapor - 5E+3 2E-6 7E-9 - -
Organic D 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4
D, seel93mHg 3E+3 7E+3 3E-6 1E-8 4E-5 4E-4
W, seel93mMHg - 5E+3 2E-6 7E-9 - -
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -
Organic D TE+3 1E+4 6E-6 2E-8 9E-5 9E-4
D, seel93mMHg 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W, seel93mHg - 9E+3 4E-6 1E-8 - -
80 Mercury-199r8  Vapor - 8E+4 3E-5 1E-7 - -
Organic D 6E+4 2E+5 7E-5 2E-7 - -
St wall
(1E+5) - - - 1E-3 1E-2
D, seel93myg 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
W, seel93mHg - 2E+5 7E-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Organic D 5E+2 8E+2 3E-7 1E-9 7E-6 7E-5
D, seel93mHg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
W, seel93mHg - 1E+3 5E-7 2E-9 - -
81 Thallium-194mM D, all compounds 5E+4 2E+5 6E-5 2E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
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Occupational Values Effluent Releases to
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Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
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Atomic Radio- Class ALl ALl DAC Air Water Concentration
nuclide No. (1Ci) (1Ci) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)
81 Thallium-194 D, all compounds 3E+5 6E+5 2E-4 8E-7 - -
St wall
(BE+5) - - - 4E-3 4E-2
81 Thallium-19% D, all compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9E-3
81 Thallium-197 D, all compounds TE+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium-198mM D, all compounds 3E+4 5E+4 2E-5 8E-8 4E-4 4E-3
81 Thallium-198 D, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3
81 Thallium-200 D, all compounds 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
81 Thallium-201 D, all compounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thallium-202 D, all compounds 4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
81 Thallium-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead-195& D, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3
82 Lead-198 D, all compounds 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
82 Lead-198 D, all compounds 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
82 Lead-200 D, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
82 Lead-201 D, all compounds 7E+3 2E+4 8E-6 3E-8 1E-4 1E-3
82 Lead-202m D, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
82 Lead-202 D, 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 compounds 4E+3 1E+3 6E-7 2E-9 5E-5 S5E-4
82 Lead-209 D, all compounds 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
(1E+0) (4E-1) - 6E-13 1E-8 1E-7
82 Lead-21% 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
(1E+2) - - - 2E-6 2E-5
82 Lead-214 D, all compounds 9E+3 8E+2 3E-7 1E-9 1E-4 1E-3
83 Bismuth-208 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-20% D, see?00Bi 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see200Bj - 4AE+4 2E-5 5E-8 - -
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83 Bismuth-202 D, see?00Bj 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see?00Bj - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, se®Bi 2E+3 TE+3 3E-6 9E-9 3E-5 3E-4
W, see2008j - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, se®Bi 1E+3 3E+3 1E-6 3E-9 2E-5 2E-4
W, see?00Bj - 1E+3 5E-7 2E-9 - -
83 Bismuth-206 D, se®®Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, see?00Bi - 9E+2 4E-7 1E-9 - -
83 Bismuth-207 D, se®®Bi 1E+3 2E+3 TE-7 2E-9 1E-5 1E-4
W, see?00Bi - 4E+2 1E-7 5E-10 - -
83 Bismuth-210m D, se®0Bij 4E+1 5E+0 2E-9 - - -
Kidneys  Kidneys
(6E+1)  (6E+0) - 9E-12  8E-7 8E-6
W, see?00Bi - 7E-1 3E-10 9E-13 - -
83 Bismuth-210 D, se®®Bi 8E+2 2E+2 1E-7 - 1E-5 1E-4
Kidneys
- (4E+2) - 5E-10 - -
W, see?00Bi - 3E+1 1E-8 4E-11 - -
83 Bismuth-212 D, see?00Bi 5E+3 2E+2 1E-7 3E-10 7E-5 7E-4
W, see?00Bj - 3E+2 1E-7 4E-10 - -
83 Bismuth-213 D, see?00Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3
W, see?00Bj - AE+2 1E-7 5E-10 - -
83 Bismuth-214 D, see?00Bi 2E+4 8E+2 3E-7 1E-9 - -
St wall
(2E+4) - - - 3E-4 3E-3
W, see200Bj - 9E-2 4E-7 1E-9 - -
84 Polonium-208 D, all compounds
except those given
for W 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, oxides,
hydroxides, and
nitrates - 9E+4 4E-5 1E-7 - -
84 Polonium-208 D, see?03po 2E+4 AE+4 2E-5 5E-8 3E-4 3E-3
W, see?03po - TE+4 3E-5 1E-7 - -
84  Polonium-207 D, se¥¥3Po 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, see?03po - 3E+4 1E-5 4E-8 - -
84 Polonium-210 D, se®3Po 3E+0 6E-1 3E-10 9E-13 4E-8 4E-7
W, see203po - 6E-1 3E-10 9E-13 - -
85 Astatine-207 D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4
W - 2E+3 9E-7 3E-9 - -
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85 Astatine-211 D, halides 1E+2 8E+1 3E-8 1E-10 2E-6 2E-5
w - 5E+1 2E-8 8E-11 - -
86 Radon-220 With daughters
removed - 2E+4 7E-6 2E-8 - -
With daughters
present . 2E+1 9E-9 3E-11 - -
(or 12 (or1.0
working  working
level level)
months)
86 Radon-222 With daughters
removed - 1E+4 4E-6 1E-8 - -
With daughters
present - 1E+2 3E-8 1E-10 - -
(or4 (or0.33
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 1E-9 8E-6 8E-5
88 Radium-223 W, all compounds 5E+0 7E-1 3E-10 9E-13 - -
Bone surf
(9E+0) - - - 1E-7 1E-6
88 Radium-224 W, all compounds 8E+0 2E+0 7E-10 2E-12 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radium-225 W, all compounds 8E+0 TE-1 3E-10 9E-13 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radium-226 W, all compounds 2E+0 6E-1 3E-10 9E-13 - -
Bone surf
(5E+0) - - - 6E-8 6E-7
88 Radium-227 W, all compounds 2E+4 1E+4 6E-6 - - -
Bone surf Bone surf
(2E+4) (2E+4) - 3E-8 3E-4 3E-3
88 Radium-228 W, all compounds 2E+0 1E+0 5E-10 2E-12 - -
Bone surf
(4E+0) - - - 6E-8 6E-7
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89 Actinium-224 D, all compounds
except those given
for Wand Y 2E+3 3E+1 1E-8 - - -
LLIwall  Bone surf
(2E+3)  (4E+1) - 5E-11 3E-5 3E-4
W, halides and
nitrates - 5E+1 2E-8 7E-11 - -
Y, oxides and
hydroxides - 5E+1 2E-8 6E-11 - -
89 Actinium-225 D, seé?Ac 5E+1 3E-1 1E-10 - - -
LLIwall  Bone surf
(5E+1)  (5E-1) - 7E-13  7E-7 7E-6
W, see?24A¢ - 6E-1 3E-10 9E-13 - -
Y, see?24Ac - 6E-1 3E-10 9E-13 - -
89 Actinium-226 D, seé?4Ac 1E+2 3E+0 1E-9 - - -
LLIwall  Bone surf
(1E+2)  (4E+0) - 5E-12  2E-6 2E-5
W, see?24Ac - 5E+0 2E-9 7E-12 - -
Y, see?24Ac - 5E+0 2E-9 6E-12 - -
89 Actinium-227 D, se€24Ac 2E-1 4E-4 2E-13 - - -
Bone surf Bone surf
(4E-1) (8E-4) - 1E-15  5E-9 5E-8
W, see?24Ac - 2E-3 7E-13 - - -
Bone surf
- (3E-3) - 4E-15 - -
Y, see?24Ac - 4E-3 2E-12 6E-15 - -
89  Actinium-228 D, se24Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone surf
- (2E+1) - 2E-11 - -
W, see?24Ac - 4E+1 2E-8 - - -
Bone surf
- (6E+1) - 8E-11 - -
Y, see?24Ac - 4E+1 2E-8 6E-11 - -
90 Thorium-228 W, all compounds
except those given
forY 5E+3 2E+2 6E-8 2E-10 - -
St wall
(5E+3) - - - 7E-5 TE-4
Y, oxides and
hydroxides - 1E+2 6E-8 2E-10 - -
90 Thorium-227 W, se&6Th 1E+2 3E-1 1E-10 5E-13 2E-6 2E-5
Y, see?26Th - 3E-1 1E-10 5E-13 - -
90 Thorium-228 W, se@6Th 6E+0 1E-2 4E-12 - - -
Bone surf Bone surf
(1E+1)  (2E-2) - 3E-14  2E-7 2E-6
Y, see226Th - 2E-2 7E-12 2E-14 - -
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90 Thorium-229 W, see?26Th 6E-1 9E-4 4E-13 R - -
Bone surf Bone surf
(1E+0) (2E-3) - 3E-15 2E-8 2E-7
Y, see?26Th - 2E-3 1E-12 R R -
Bone surf
- (3E-3) - 4E-15 - -
90 Thorium-230 W, se@6Th 4E+0 6E-3 3E-12 - - -
Bone surf Bone surf
(9E+0)  (2E-2) - 2E-14 1E-7 1E-6
Y, see?26Th - 2E-2 6E-12 - - -
Bone surf
- (2E-2) - 3E-14 - -
90 Thorium-231 W, se&6Th 4E+3 6E+3 3E-6 9E-9 5E-5 5E-4
Y, see?26Th - 6E+3 3E-6 9E-9 - -
90 Thorium-232 W, se&6Th 7E-1 1E-3 5E-13 - - -
Bone surf Bone surf
(2E+0)  (3E-3) - 4E-15  3E-8 3E-7
Y, see?26Th - 3E-3 1E-12 - - -
Bone surf
- (4E-3) - 6E-15 - -
90 Thorium-234 W, se@26Th 3E+2 2E+2 8E-8 3E-10 - -
LLI wall
(4E+2) - - - 5E-6 5E-5
Y, see?26Th - 2E+2 6E-8 2E-10 - -
91 Protactinium- W, all compounds
2272 except.thase given
fory 4E+3 1E+2 BE-8 "2E-10 "BE-5 “BE-4
Y, oxidesaand
hydroxides - 1E+2 4E-8 1E-10 - -
91 Protactinium-228 W, sé&’Pa 1E+3 1E+1 5E-9 - 2E-5 2E-4
Bone surf
- (2E+1) - 3E-11 - -
Y, see?2’Pa - 1E+1 5E-9 2E-11 - -
91 Protactinium-230 W, sé@’Pa 6E+2 5E+0 2E-9 7TE-12 - -
Bone surf
(9E+2) - - - 1E-5 1E-4
Y, see?2’Pa - 4E+0 1E-9 5E-12 - -
91 Protactinium-231 W, sé@’Pa 2E-1 2E-3 6E-13 - - -
Bone surf Bone surf
(5E-1) (4E-3) - 6E-15 6E-9 6E-8
Y, see??2’Pa - 4E-3 2E-12 - - R
Bone surf

- (6E-3) - 8E-15 - -
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91 Protactinium-232 W, see?2’Pa 1E+3 2E+1 9E-9 - 2E-5 2E-4
Bone surf
- (6E+1) - 8E-11 - -
Y, see??’Pa - 6E+1 2E-8 - - -
Bone surf
- (7E+1) - 1E-10 - -
91 Protactinium-233 W, sé&’Pa 1E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - E-5 2E-4
Y, see??2’Pa - B6E+2 2E-7 8E-10 - -
91 Protactinium-234 W, sé&’Pa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
Y, see??2’Pa - 7E+3 3E-6 9E-9 - -
92 Uranium-230 D, UF, UOF,
UO(NO) 4E+0 4E-1 2E-10 - - -
Bone surf Bone surf
(6E+0)  (6E-1) - 8E-13  8E-8 8E-7
W, UO, UF, UCI - 4E-1 1E-10 5E-13 - -
Y, UO, UO - 3E-1 1E-10 4E-13 - -
92 Uranium-231 D, seg3u 5E+3 8E+3 3E-6 1E-8 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W, see?30J - 6E+3 2E-6 8E-9 - -
Y, seez3y - 5E+3 2E-6 6E-9 - -
92  Uranium-232 D, se®U 2E+0 2E-1 9E-11 - - -
Bone surf Bone surf
(4E+0)  (4E-1) - 6E-13  6E-8 6E-7
W, see?30y - 4E-1 2E-10 5E-13 - -
Y, seez30y - 8E-3 3E-12 1E-14 - -
92 Uranium-233 D, se®U 1E+1 1E+0 5E-10 - - -
Bone surf Bone surf
(2E+1)  (2E+0) - 3E-12  3E-7 3E-6
W, see?30U - 7E-1 3E-10 1E-12 - -
Y, seez30y - 4E-2 2E-11 5E-14 - -
92 Uranium-233 D, see?3U 1E+1 1E+0 5E-10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see?30U - 7E-1 3E-10 1E-12 - -
Y, see230y - 4E-2 2E-11 5E-14 - -
92 Uranium-238 D, see?30U 1E+1 1E+0 6E-10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see230U - 8E-1 3E-10 1E-12 - -
Y, see230y - 4E-2 2E-11 6E-14 - -



IAC 10/13/93

Public Health[641]

Ch 40, p.85

Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
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92 Uranium-236 D, see?30y 1E+1 1E+0 5E-10 R - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see?30U - 8E-1 3E-10 1E-12 - -
Y, see230y - 4E-2 2E-11 6E-14 - -
92 Uranium-237 D, se®3u 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, see230U - 2E+3 TE-7 2E-9 - -
Y, see?30y - 2E+3 6E-7 2E-9 - -
92 Uranium-238 D, see?30y 1E+1 1E+0 6E-10 - - -
Bone surf Bone surf
(2E+1)  (2E+0) - 3E-12  3E-7 3E-6
W, see?30J - 8E-1 3E-10 1E-12 - -
Y, see230y - 4E-2 2E-11 6E-14 - -
92  Uranium-239 D, see?30U TE+4 2E+5 8E-5 3E-7 9E-4 9E-3
W, see230y - 2E+5 7E-5 2E-7 - -
Y, see230y - 2E+5 6E-5 2E-7 - -
92  Uranium-240 D, se®U 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W, see?30J - 3E+3 1E-6 4E-9 - -
Y, seez30y - 2E+3 1E-6 3E-9 - -
92  Uranium-naturdl D, see?30U 1E+1 1E+0 5E-10 - - -
Bone surf Bone surf
(2E+1)  (2E+0) - 3E-12  3E-7 3E-6
W, see3y - 8E-1 3E-10 9E-13 - -
Y, seez30y - 5E-2 2E-11 9E-14 - -
93 Neptunium-232 W, all compounds 1E+5 2E+3  TE-7 - 2E-3 2E-2
Bone surf
- (5E+2) - 6E-9 - -
93 Neptunium-233 W, all compounds 8E+5 3E+6 1E-3 4E-6 1E-2 1E-1
93 Neptunium-234 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 - - -
LLIwall  Bone surf
(2E+4) (1LE+3) - 2E-9 3E-4 3E-3
93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -
(1.15E+5Yy) Bone surf Bone surf
(6E+0) (5E-2) - 8E-14 9E-8 9E-7
93 Neptunium-236 W, all compounds 3E+3 3E+1 1E-8 - - -
(22.5h) Bone surf Bone surf
(4E+3)  (7TE+1) - 1E-10  5E-5 5E-4
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93 Neptunium-237 W, all compounds  5E-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0)  (1E-2) - 1E-14 2E-8 2E-7
93 Neptunium-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-5 2E-4
Bone surf
- (2E+2) - 2E-10 - -
93 Neptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
93 Neptunium-249 W, all compounds 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
94  Plutonium-234 W, all compounds
except PuO 8E+3 2E+2 9E-8 3E-10 1E-4 1E-3
Y, PuO - 2E+2 8E-8 3E-10 - -
94  Plutonium-238 W, see?34Pu 9E+5 3E+6 1E-3 4E-6 1E-2 1E-1
Y, see234Pu - 3E+6 1E-3 3E-6 - -
94 Plutonium-236 W, se&Pu 2E+0  2E-2 8E-12 - - -
Bone surf Bone surf
(4E+0)  (4E-2) - 5E-14 6E-8 6E-7
Y, see234Pu - 4E-2 2E-11 6E-14 - -
94 Plutonium-237 W, se®4Pu 1E+4 3E+3 1E-6 5E-9 2E-4 2E-3
Y, see34Pu - 3E+3 1E-6 4E-9 - -
94  Plutonium-238 W, se®4Pu 9E-1 7E-3 3E-12 - - -
Bone surf Bone surf
(2E+0)  (1E-2) - 2E-14  2E-8 2E-7
Y, see34Pu - 2E-2 8E-12 2E-14 - -
94  Plutonium-239 W, se®4Pu 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0)  (1E-2) - 2E-14  2E-8 2E-7
Y, see34Pu - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94  Plutonium-240 W, se®4Pu 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see?34Pu - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94  Plutonium-241 W, se®4Pu 4E+1 3E-1 1E-10 - - -
Bone surf Bone surf
(7TE+1)  (6E-1) - 8E-13 1E-6 1E-5
Y, see?34Pu - 8E-1 3E-10 - - -
Bone surf
- (1E+0) - 1E-12 - -
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94 Plutonium-242 W, see?34pPu 8E-1 7E-3 3E-12 R - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see?34pu - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94  Plutonium-243 W, se®4Pu 2E+4 4E+4 2E-5 5E-8 2E-4 2E-3
Y, see?34Pu - 4E+4 2E-5 5E-8 - -
94  Plutonium-244 W, se®4Pu 8E-1 7E-3 3E-12 - - -
Bone surf Bone surf
(2E+0)  (1E-2) - 2E-14  2E-8 2E-7
Y, see234py - 2E-2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 - -
94 Plutonium-245 W, se®4Pu 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
Y, see?34Pu - 4E+3 2E-6 6E-9 - -
94 Plutonium-246 W, se®4Pu 4E+2 3E+2 1E-7 4E-10 - -
LLI wall
(4E+2) - - - 6E-6 6E-5
Y, see?34Pu - 3E+2 1E-7 4E-10 - -
95 Americium-237 W, all compounds 8E+4 3E+5 1E-4 4E-7 1E-3 1E-2
95 Americium-238 W, all compounds 4E+4 3E+3 1E-6 - 5E-4 5E-3
Bone surf
- (6E+3) - 9E-9 - -
95 Americium-239 W, all compounds 5E+3 1E+4 5E-6 2E-8 7E-5 TE-4
95 Americium-240 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242m W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242 W, all compounds 4E+3 8E+1 4E-8 - 5E-5 5E-4
Bone surf
- (9E+1) - 1E-10 - -
95 Americium-243 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-244ra W, all compounds 6E+4 4E+3 2E-6 - - -
St wall Bone surf
(8E+4)  (7TE+3) - 1E-8 1E-3 1E-2
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95 Americium-244 W, all compounds  3E+3 2E+2 8E-8 - 4E-5 4E-4
Bone surf
- (3E+2) - 4E-10 - -
95 Americium-245 W, all compounds 3E+4 8E+4 3E-5 1E-7 4E-4 4E-3
95  Americium-246r8 W, all compounds S5E+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
95 Americium-248 W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
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 Bone surf
(8E+1)  (6E-1) - 9E-13 1E-6 1E-5
96 Curium-241 W, all compounds 1E+3 3E+1 1E-8 - 2E-5 2E-4
Bone surf
- (4E+1) - 5E-11 - -
96 Curium-242 W, all compounds 3E+1 3E-1 1E-10 - - -
Bone surf Bone surf
(5E+1)  (3E-1) - 4E-13 TE-7 7E-6
96 Curium-243 W, all compounds 1E+0 9E-3 4E-12 - - -
Bone surf Bone surf
(2E+0)  (2E-2) - 2E-14 3E-8 3E-7
96 Curium-244 W, all compounds 1E+0 1E-2 5E-12 - - -
Bone surf Bone surf
(3E+0) (2E-2) - 3E-14 3E-8 3E-7
96 Curium-245 W, all compounds 7E-1  6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0)  (1E-2) - 2E-14 2E-8 2E-7
96 Curium-246 W, all compounds 7E-1  6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-247 W, all compounds 8E-1  6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-248 W, all compounds 2E-1  2E-3 7E-13 - - -
Bone surf Bone surf
(4E-1) (3E-3) - 4E-15 5E-9 5E-8
96  Curium-249 W, all compounds 5E+4 2E+4  T7E-6 - TE-4 7TE-3
Bone surf
- (3E+4) - 4E-8 - -
96 Curium-250 W, all compounds 4E-2 3E-4 1E-13 - - -
Bone surf Bone surf
(6E-2) (5E-4) - 8E-16 9E-10 9E-9
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97 Berkelium-245 W, all compounds  2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 Berkelium-247 W, all compounds 5E-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0)  (9E-3) - 1E-14  2E-8 2E-7
97 Berkelium-249 W, all compounds 2E+2 2E+0 7E-10 - - -
Bone surf Bone surf
(5E+2)  (4E+0) - 5E-12 6E-6 6E-5
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3
Bone surf
- (7TE+2) - 1E-9 - -
98 Californium-244 W, all compounds
except those given
forY 3E+4 6E+2 2E-7 8E-10 - -
St wall
(BE+4) - - - 4E-4 4E-3
Y, oxides and
hydroxides - 6E+2 2E-7 8E-10 - -
98 Californium-246 W, sed*Cf 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5
Y, see244Cf - 9E+0 4E-9 1E-11 - -
98 Californium-248 W, sed4Cf 8E+0 6E-2 3E-11 - - -
Bone surf Bone surf
(2E+1)  (1E-1) - 2E-13  2E-7 2E-6
Y, see244Cf - 1E-1 4E-11 1E-13 - -
98 Californium-249 W, se4Cf 5E-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see244Ct - 1E-2 4E-12 - - -
Bone surf
- (1E-2) - 2E-14 - -
98 Californium-250 W, se@Cf 1E+0 9E-3 4E-12 - - -
Bone surf Bone surf
(2E+0) (2E-2) - 3E-14 3E-8 3E-7
Y, see244Ct - 3E-2 1E-11 4E-14 - -
98 Californium-251 W, se@Cf 5E-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see244Ct - 1E-2 4E-12 - - -
Bone surf
- (1E-2) - 2E-14 - -
98 Californium-252 W, se@Cf 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf
(5E+0)  (4E-2) - 5E-14  7E-8 TE-7
Y, see244Ct - 3E-2 1E-11 5E-14 - -
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98 Californium-253 W, see?44Cf 2E+2 2E+0 8E-10 3E-12 - R
Bone surf
(4E+2) - - - 5E-6 5E-5
Y, see244Ct - 2E+0 7E-10 2E-12 - -
98 Californium-254 W, se@4Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7
Y, see244Ct - 2E-2 7E-12 2E-14 - -
99 Einsteinium-250 W, all compounds AE+4 5E+2 2E-7 - 6E-4 6E-3
Bone surf
(1E+3) - 2E-9 - - -
99 Einsteinium-251 W, all compounds TE+3 9E+2 4E-7 - 1E-4 1E-3
Bone surf
- (1E+3) - 2E-9 - -
99 Einsteinium-253 W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5
99 Einsteinium-254m W, all compounds 3E+2 1E+1 4E-9 1E-11 - -
LLI wall
(BE+2) - - - 4E-6 4E-5
99 Einsteinium-254 W, all compounds 8E+0 7E-2 3E-11 - - -
Bone surf Bone surf
(2E+1)  (1E-1) - 2E-13  2E-7 2E-6
100 Fermium-252 W, all compounds 5E+2 1E+1 5E-9 2E-11 6E-6 6E-5
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-10 4E-5 4E-4
100 Fermium-255 W, all compounds 5E+2 2E+1 9E-9 3E-11 7E-6 7E-5
100 Fermium-257 W, all compounds 2E+1 2E-1 7E-11 - - -
Bone surf Bone surf
(4E+1)  (2E-1) - 3E-13  5E-7 5E-6
101 Mendelevium- W, all compounds TE+3 8E+1 4E-8 - 1E-4 1E-3
257 Bone surf
- (9E+1) - 1E-10 - -
101 Mendelevium- W, all compounds 3E+1 2E-1 1E-10 - - -
258 Bone surf Bone surf
(5E+1) (3E-1) - 5E-13 6E-7 6E-6
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- Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half-
life less than 2 hours
Submersioh - 2E+2 1E-7 1E-9 - -
- Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half-
life greater than 2 hours - 2E-1 1E-10 1E-12 1E-8 1E-7

- Any single radionuclide not listed
above that decays by alpha emission
or spontaneous fission, or any mix-
ture for which either the identity
or the concentration of any radio-
nuclide in the mixture is not known - 4E-4 2E-13 1E-15 2E-9 2E-8

FOOTNOTES:

1“Submersion"means that values given are for submersion in a hemispherical semi-infinite cloud of airborne mate-
rial.

2These radionuclides have radiological half-lives of less than 2 hourdot@heffective 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 committec
effectivedose equivalent due to the intake of the radionuclide into the body and dmbl@de potentially signifi-

cant contributions to dose equivalent from external exposures. The licensee may substiju@i/tt {ér 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. (se
40.17)

3For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see 40.15(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 concentra
tion and time of exposure during a 40-hour workweek shall not exceed 8E-BC8AYmI, where SA is the specif-

ic activity of the uranium inhaled. The specific activity for natural uranium is 6.77E-7 curies per gram U. The spe-
cific 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 (enrichm@ri)}-6, enrichmeng 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 radionu-
clides inthe mixture is not known, the DAC for the mixture shall be the most restrictive DAC of any radionuclide in
the mixture.
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2. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides speci-
fied in this appendix are not present in the mixture, the inhalation ALI, DAC, and effluent and sewage concentra-
tions for the mixture are the lowest values specified in this appendix for any radionuclide that is not known to be

absent from the mixture; or

If it is known that Ac-227-D and
Cm-250-W are not present

If, in addition, it is known that
Ac-227-W,Y, 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-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 are not present

If, in addition, it is known that
Pb-210-D, Bi-210m-W, Po-210-D,W,
Ra-223-W, Ra-225-W, Ra-226-W,
Ac-225-D,W,Y, Th-227-W,Y,
U-230-D,W,Y, U-232-D,W,
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

- 7E4  3E-13 - - -

- 7E3 3E12 - - -
- 7E2  3E1l - - -
- 7E-1 3E-10 - - -
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Table | Table Il Table Il
Occupational Values Effluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion INHALATION Average

Atomic Radio- Class ALl ALl DAC Air Water Concentration

nuclide No. (1Ci) (HCi) (uCi/ml) (uCi/ml)  (uCi/ml) (uCi/ml)

If, in addition, it is known that

Si-32-Y, Ti-44-Y, Fe-60-D, Sr-90-Y,

Zr-93-D,Cd-113m-D, Cd-113-D,

In-115-D,W, La-138-D, Lu-176-W,

Hf-178m-D,W, Hf-182-D,W,

Bi-210m-D, Ra-224-W, Ra-228-W,

Ac-226-D,W,Y, Pa-230-W,Y,

U-233-D,W, U-234-D,W, U-235-D,

W, U-236-D,W, U-238-D,W,

Pu-241-Y, Bk-249-W, Cf-253-W,Y,

and Es-253-W are not present - 7E+0 3E-9 - - -

If it is known that Ac-227-D,W,Y,
Th-229-W,Y, Th-232-W,Y, Pa-231-W,
Y, Cm-248-W, and Cm-250-W are
not present

If, in addition, it is known that
Sm-146-W, Gd-148-D,W, Gd-152-D,
Th-228-W,Y, Th-230-W,Y,

U-232-Y, U-233-Y, U-234-Y,
U-235-Y, U-236-Y, U-238-Y,
U-Nat-Y, Np-236-W, Np-237-W,
Pu-236-W,Y, Pu-238-W,Y,
Pu-239-W,Y, Pu-240-W,Y,
Pu-242-W,Y, Pu-244-W.,Y,
Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, Cm-244-W, Cm-245-W,
Cm-246-W, 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,Y are not present

If, in addition, it is known that
Sm-147-W, Gd-152-W, Pb-210-D,
Bi-210m-W, Po-210-D,W, Ra-223-W,
Ra-225-W, Ra-226-W, Ac-225-D,
W,Y, Th-227-W,Y, U-230-D,W,Y,
U-232-D,W, U-Nat-W, Pu-241-W,
Cm-240-W, Cm-242-W, Cf-248-W,Y,
Es-254-W, Fm-257-W, and Md-258-W
are not present

If, in addition it is known that Fe-60,
Sr-90, Cd-113m, Cd-113, In-115,
1-129, Cs-134, Sm-145, Sm-147,

- 1E-14

1E-13 -

- 1E-12
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Gd-148, Gd-152, Hg-194 (organic),

Bi-210m, Ra-223, Ra-224, Ra-225,

Ac-225, Th-228, Th-230, U-233,

U-234, U-235, U-236, U-238,

U-Nat, Cm-242, Cf-248, Es-254,

Fm-257, and Md-258 are

not present - - - - 1E-6 1E-5

3. If a mixture of radionuclides consists of uranium and its daughters in ore dust @®AD particle distribu-

tion assumed) prior to chemical separation of the uranium from the ore, the following values may be used for the
DAC of the mixture: 6E-1LUCi of gross alpha activity from uranium-238, uranium-234, thorium-230, and ra-
dium-226per milliliter of air; 3E-13uCi 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 Appendix B, Chapter 40 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”).



