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ABBREVIATIONS AND SYMBOLS 

Abbreviations 
CFR Code of Federal Regulations 

DL  detection limit 

dpm disintegrations per minute 

DSHS (Texas) Department of State Health Services 

DOT (U.S.) Department of Transportation 

LLD lower limit of detection 

MDA minimum detectable activity 

MSW municipal solid waste 

NELAC National Environmental Laboratory Accreditation Conference 

NORM naturally occurring radioactive material 

NRC (U.S.) Nuclear Regulatory Commission 

RRC Railroad Commission of Texas 

SI International System of units, from the French Le Système 
Internationale d’Unites 

SS&D sealed source and device 

TAC Texas Administrative Code 

30 TAC xx = ‘Title 30, Texas Administrative Code, Chapter (Section, 
etc.) xx 

TCEQ  Texas Commission on Environmental Quality 

THSC Texas Health and Safety Code 

Symbols 
%  percent 

4E-2 4 × 10-2 (actual number shown as an example) 
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Bq  becquerel (1 disintegration per second) 

Ci  curie (3.7 × 1010 disintegrations per second) 

cm  centimeter 

GBq gigabecquerel (1 million disintegrations per second) 

J  joule (unit of energy) 

kBq kilobecquerel (1,000 disintegrations per second) 

m2  square meter 

mg/cm2 milligram per square centimeter 

pCi/g picocurie per gram (0.037 disintegrations per second per gram) 

rad The special unit of absorbed dose equal to an absorbed dose of 0.01 
J/kg. 

rem Unit of dose equivalent equal to the absorbed dose in rad multiplied 
by the quality factor (1 rem = 0.01 sievert). 

s  second 

Si sievert: SI unit of dose equivalent equal to the absorbed dose in J/kg 
(grays) multiplied by the quality factor 

T  tritium (Hydrogen-3) 

yd3  cubic yard 
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1 INTRODUCTION 
This guide explains and clarifies the instances where radioactive materials can 
be exempted from the standard disposal requirements for radioactive wastes. 
If radioactive materials meet the criteria detailed in this guide, the TCEQ may 
issue an exemption for the materials. If a radioactive material is exempted, it 
can be disposed of as if it was not a radioactive material—e.g., if the material 
would be municipal solid waste if it were not radioactive, then it can be 
disposed of in an authorized municipal solid waste disposal facility when it 
receives an exemption. Radioactive waste is exempt from regulations when it 
poses a reasonably low risk to public health and safety and the environment. 
Systematic Radiological Assessment of Exemptions for Source and Byproduct 
Materials (NRC, 2001) contains the calculations and methodology used to 
assess the potential radiation doses associated with the exemption regulations 
for the normal life cycle, which includes final disposal.  

Despite its radioactive content, exempt materials do not need to be sent to a 
facility that is licensed for radioactive waste disposal [25 TAC 289.101(o)].1

Before accepting exempt materials, a disposal facility may require a letter from 
the TCEQ stating that the waste meets the exemption criteria found in the 
regulations and is thereby exempt from other regulations concerning 
radioactive-waste disposal. This statement from the TCEQ is called an 
exemption concurrence. Some hazardous-waste disposal facilities regulated by 
the TCEQ have a condition in their permit requiring them to obtain an 
exemption concurrence before disposing of exempt materials.  

 
The disposal of exempt material as a radioactive substance is not subject to 
further regulation by the TCEQ, though the material will still be regulated for 
other non-radioactive constituents. If it does not meet the exemption criteria, 
then it must be disposed of in the manner stipulated in 30 TAC 336.211, as 
appropriate to the type of licensed material. 

This guide focuses on the disposal of exempt material in TCEQ-
regulated disposal facilities: the agencies in Texas that have authority 
over exempt materials, what materials are exempt, the TCEQ regulations over 
exempt materials, and what documentation and analysis are required to 
determine whether the material meets the TCEQ’s exemption requirements. 
Several terms are defined in Appendix A, tables containing exemption-activity 
values from the regulations are reproduced in Appendix B, and a primer on 
radiation appears in Appendix C. 

                                                 
1 Short for ‘Title 25, Texas Administrative Code, Subsection 289.101(o).’ 
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This guide summarizes the TCEQ rules and regulations concerning exempt 
materials to assist waste generators and disposal facilities. The rules in the 
Texas Administrative Code should always be reviewed. The rules will form the 
ultimate basis for granting an exemption concurrence. If any wording of this 
guide conflicts with the code, then the code takes precedence. 
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2 REGULATORY BASIS  

2.1 State Agencies that Regulate Radioactive Material 
Three state agencies regulate the handling, processing, transporting, 
transferring, receiving, storage, and disposal of radioactive material in Texas: 
the TCEQ, the Texas Department of State Health Services (DSHS), and the 
Railroad Commission of Texas (RRC). 

The Department of State Health Services    
(<www.dshs.state.tx.us/radiation/> regulates and licenses the possession, 
receipt, use, handling, transfer, transport, and storage of all radioactive 
material except for the radioactive material specifically regulated under the 
authority of the RRC and the TCEQ. Additionally, the DSHS registers radiation-
producing equipment and operates the radiological emergency–response 
program for Texas. The radiation rules of the DSHS appear at 25 TAC 289. All 
exemption concurrences for waste that was generated under a DSHS 
radioactive-material license must be obtained from the DSHS. 

The Railroad Commission of Texas 
<www.rrc.state.tx.us/environmental/publications/norm.php> has authority 
over uranium exploration, surface mining, and handling and disposal of 
naturally occurring radioactive-material (NORM) wastes produced during the 
exploration and production of oil and gas. The radiation rules of the RRC can 
be found at 16 TAC 4 for NORM and 16 TAC 11 for uranium mining. Any 
exemption concurrences for NORM waste at oil- and gas-production sites must 
be obtained from the RRC. 

The Texas Commission on Environmental Quality 
<www.tceq.state.tx.us/nav/permits/rw.html> regulates and licenses 
the following: 

• Receipt, processing, storage and disposal of by-product and low-level 
radioactive waste from other “persons,” which is defined as to include 
organizations such as companies or institutions. 

• Uranium- and thorium-recovery facilities and the disposal of uranium and 
thorium by-product wastes. 

• Decommissioning of inactive uranium-recovery facilities and sites for the 
disposal of radioactive material. 

The TCEQ radiation rules can be found at 30 TAC 336. Exemption 
concurrences for waste generated in Texas that was not generated under the 
authority of the DSHS or the RRC must be obtained from the TCEQ. Exemption 

http://www.rrc.state.tx.us/environmental/publications/norm.php�
http://www.tceq.state.tx.us/nav/permits/rw.html�
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concurrences for waste generated outside of Texas, but to be disposed of in 
Texas, also must be obtained from the TCEQ.  

2.2 TCEQ Regulations Concerning Exemptions 
The use and disposal of radioactive materials in Texas is governed by Texas 
Health and Safety Code Chapter 401. The authorization and rules concerning 
exempt materials appear at THSC 401.106(a). Specific regulations concerning 
the criteria that materials containing radioactivity must meet to qualify for an 
exemption are described below, and are mostly found at 25 TAC 289.251 and 
289.259. These exemption regulations are based on federal regulations 
promulgated by the NRC which require that agreement states have essentially 
identical language in their state rules. 

Exemptions are promulgated by the TCEQ under 30 TAC 336.5. Most 
exemption concurrences are granted under 30 TAC 336.5(c), which exempts 
waste from licensing requirements under THSC 401.106(a), thus authorizing 
the TCEQ to use the exemption rules from the DSHS, such as 25 TAC 
289.251(d), 251(e), and 259(d).  See 25 TAC 289.101(c)(2) and (o).    

Senate Bill 1604 of the 80th regular legislative session transferred the 
authority over processing and storage of uranium, by-product, and radioactive 
waste from the DSHS to the TCEQ, effective June 15, 2007. That bill also 
transferred the responsibility to grant exemption concurrences from the DSHS 
to the TCEQ. SB 1604 is reflected in 30 TAC 336.5(d), which exempts any 
material exempted from licensing requirements for disposal by the DSHS 
before June 18, 2007. 

2.3 Additional Regulatory Considerations 

2.3.1 NRC Alternate Disposal Authorizations 

The NRC has an additional option for exempting radioactive material under 
Title 10, Code of Federal Regulations (10 CFR) 20.2002, which states are not 
required to adopt into their own regulations. This federal rule is not in the 
Texas code and cannot exempt a waste for disposal in Texas.  

2.3.2 Dilution Not Allowed to Change Waste Class 

Texas does not allow dilution for reduction of the radioactive concentration so 
that the waste classification is lowered or disposal requirements lessened [30 
TAC 336.229]. The TCEQ will not grant an exemption concurrence to any 
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waste that was diluted so that it would meet the criteria. Waste that has been 
diluted due to stabilization, mixing, or treatment will be subject to the disposal 
regulations according to its pre-dilution concentration. 

2.3.3 Department of Transportation Exempt Material 

The U.S. Department of Transportation also has a category called exempt 
radioactive material. However, the DOT exemption rules regulate only how 
such material is to be transported, not how it is to be used or disposed of.  DOT 
policy differs from the NRC exempt-material rules, and consequently the Texas 
rules. Therefore, this category only applies to issues related to transportation.  

2.3.4 Use of Standard International Units 

Additionally, whenever exemption limits are stated using both the units curie 
and becquerel in the regulations, the becquerel values are to be used. In such 
cases, the becquerel value is the legal limit, while the curie value is also stated 
in the rule since the curie is most widely used in the United States. The curie 
value is only an approximation of the becquerel unit due to rounding.  
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3 EXEMPTION RULES FOR RADIOACTIVE-
MATERIAL LICENSEES ONLY 
A radioactive-material licensee may dispose of the following licensed material 
exhibiting radioactivity as though it were exempt material. These exemptions 
apply only to licensees for the waste generated under authority of their 
radioactive-material license. Disposal of these materials is typically performed 
as one of several licensed activities (approved by the appropriate regulating 
agency in the license application and amendment reviews) and verified by 
inspections from the appropriate regulatory agency—not through an 
exemption concurrence. Occasionally, though, disposing of this material as 
exempt does require an exemption concurrence. 

A licensee cannot exceed specific contamination limits for soil, facilities, or 
equipment in 25 TAC 289.202(eee) and 30 TAC 336.356. Contamination that 
exceeds those limits must be remediated and will not be considered exempt if 
left in place for unrestricted use. However, if removed for disposal, the 
contaminated soil, building rubble, or equipment may be considered exempt 
for disposal only. This rule applies to both specific licensees and general 
licensees. (General licenses are under the authority of the DSHS; the rules 
concerning them appear at 25 TAC 289.251.) However, the exemption rules 
discussed in this section may not apply to a general licensee and additional 
clarification should be obtained in such situations by contacting the 
appropriate regulatory agency.  

3.1 Release into Sanitary Sewerage: 30 TAC 336.215 
A licensee may discharge licensed material below specified activity levels into 
a sewer system (“sanitary sewerage”) if the material is either readily soluble 
in water or is readily dispersible biological material. The quantity released 
into the sewer in one month divided by the average monthly volume of water 
released into the sewer cannot exceed the concentration values listed in Table 
III of 30 TAC 336.359 (values in this table can be found in Table B.1 in 
Appendix B). The sum-of-fractions rule (see Appendix A for definition) applies 
if more than one radionuclide is released. 

The total activity released in one year may not exceed:  

• 5 Ci (185 GBq) of hydrogen-3 (tritium),  
• 1 Ci (37 GBq) of carbon-14, and  
• 1 Ci (37 GBq) of all other radioactive materials combined.  
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3.2 Disposal of Hydrogen-3, Carbon-14, and Iodine-125 in 
Specific Media: 30 TAC 336.225(a) and (b), with qualifying 
rules at (e) and (f) 
A licensee may dispose of the following licensed material as if it were not 
radioactive but not in a manner that would permit its use either as food for 
humans or as animal feed: 

• 0.05 µCi (1.85 kBq), or less, of hydrogen-3, carbon-14, or iodine-125 per 
gram of medium used for liquid scintillation counting or in vitro clinical or 
in vitro laboratory testing. 

• animal tissue containing 0.05 µCi (1.85 kBq), or less, of hydrogen-3, carbon-
14, or iodine-125 per gram, averaged over the weight of the entire animal.  

To qualify for this disposal exemption, the licensee must:  

• perform surveys adequate to assure that the specified limits are not 
exceeded [336.225(e)(1)]; 

• remove or otherwise obliterate or obscure all labels, tags, or other 
markings which would indicate that the material or contents are 
radioactive [336.225(e)(2)]; and  

• maintain records in accordance with 30 TAC 336.338 [336.225(f)]. 

3.3 The 300-Day Rule: 30 TAC 336.225(c) 
A licensee may, if approved by the appropriate licensing authority (either the 
DSHS or the TCEQ), dispose of licensed material listed in 30 TAC 336.365 (and 
also in Table B.2 in Appendix B) in a Type I municipal solid-waste facility (as 
defined in TCEQ rules, 30 TAC 330) under the following provisions. The sum-
of-fractions rule applies if more than one radionuclide is present. The rule is 
referred to as the “300-day” rule since the isotopes identified in 30 TAC 
336.365 have a half-life under 300 days. The licensed material: 

• cannot be hazardous waste, nor combined with hazardous waste, as defined 
at 30 TAC 330 

• must not exceed the specified concentration and annual activity limits in 30 
TAC 336.365, Appendix H (see Table B.2) 

• must comply with all other requirements for disposals at a Type I municipal 
solid waste facility and any other requirements for those facilities as set 
forth in 30 TAC 330 

If the material is hazardous waste or is combined with hazardous waste, then 
it must be disposed of at a hazardous waste disposal facility in accordance 
with TCEQ rules at 30 TAC 335. The licensee must: 
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• perform surveys adequate to assure that the specified limits are not 
exceeded [336.225(e)(1)] 

• remove or otherwise obliterate or obscure all labels, tags, or other 
markings which would indicate that the material or contents are 
radioactive [336.225(e)(2)] 

• maintain records in accordance with 30 TAC 336.338 [336.225(f)] 
• submit a copy of the following procedures to TCEQ (or DSHS if it is a DSHS 

licensee) [336.225(d)]: 
 physical delivery of the material to the disposal facility 
 compliance surveys to be performed 
 maintaining secure packaging during transportation to the site 
 maintaining records of any disposals made under 30 TAC 336.225(d) 

3.4 Decay in Storage: 30 TAC 336.211(a)(3) 
Decay in storage is authorized in the regulations “according to law.” This 
authorization is mainly used by medical institutions, licensed by DSHS, for 
short-lived radionuclides—with half-lives below 120 days—used in nuclear 
medicine, such as metastable technetium-99, xenon-133, and fluorine-18. 

3.5 Release of Sites for Unrestricted Use: 30 TAC 336.603 and 
336.356 
If a site has been released for unrestricted use (also known as clean release), 
then it has been released from regulatory authority for radioactive material. 
The soil that remains in place at this site released for unrestricted use does not 
need an exemption concurrence to be considered exempt. However, if 
contaminated soil has been removed from the site before the declaration of 
release for unrestricted use, the soil may not be exempt, and an exemption-
concurrence request would need to demonstrate that the soil meets the 
exemption criteria stipulated in the regulations.  

A site meets the unrestricted-use requirement if the residual radioactivity 
distinguishable from background radiation results in a total effective-dose 
equivalent of 25 mrem (0.25 mSv) per year or less to an average member of 
the critical group [30 TAC 336.603]. Additional activity requirements are 
stated in 30 TAC 336.356(a) for radium. The activity of radium-226 or radium-
228 in soil, based on dry weight and averaged over any 100 square meters of 
area, is not to exceed 5 pCi/g averaged over the first 15 centimeters of soil 
below the surface and 15 pCi/g averaged over each 15 cm–thick layer of soil 
below the first 15 centimeters beneath the surface. Also, radium-226 or 
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radium-228 activities in vegetation are not to exceed 5 pCi/g, based on dry 
weight. 

All remediation and cleanup activities need the approval of the appropriate 
regulatory agency, which has the authority to determine if a site meets the 
requirements of unrestricted use.  

3.6 Release for Unrestricted Use of Surface Contaminated 
Objects: 30 TAC 336.605 
The release for unrestricted use of facilities, equipment, or materials with 
surface contamination is allowed if the radioactive surface contamination 
levels are below the limits specified in 30 TAC 336.364, Appendix G, which are 
replicated in Table 1 below. If it has been released for unrestricted use 
(through procedures approved by the regulatory license reviewers and 
inspectors), then it has been released from regulatory authority for 
radioactive material and does not need an exemption concurrence to be 
exempt.  

Table 1. Acceptable Surface Contamination Levels from 30 TAC 336.364 
Radionuclide Average Maximum Removable 
U-natural, U-235, U-238, and 
associated decay products 
except Ra-226, Th-230, Ac-
227, and Pa-231 

5,000 dpm alpha/ 
100 cm2 

15,000 dpm 
alpha/100 cm2 

1,000 dpm 
alpha/100 cm2 

Transuranics, Ra-223, Ra-224, 
Ra-226, Ra-228, Th-natural, 
Th-228, Th-230, Th-232, 
U-232, Pa-231, Ac-227, Sr-90, 
I-125, I-126, I-129, I-131, and 
I-133 

1,000 dpm/100 cm2 3,000 dpm/100 cm2 200 dpm/100 cm2 

Beta-gamma emitters 
(radionuclides with decay 
modes other than alpha 
emission or spontaneous 
fission) except Sr-90 and 
others noted above 

5,000 dpm beta-
gamma/100 cm2 

15,000 dpm beta-
gamma/100 cm2 

1,000 dpm beta-
gamma/100 cm2 

 
Porous materials (e.g., concrete), before being released for unrestricted use, 
must be evaluated to determine whether radioactive contamination has 
penetrated to the interior of the material. If so, an average concentration, in 
picocuries per gram, must be determined by the facility, subject to TCEQ 
review. This interior contaminated porous material may be exempt if the 
radionuclide concentrations do not exceed the exemption limits specified in 
the regulations.  
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4 NATURALLY OCCURRING RADIOACTIVE 
MATERIAL  

4.1 Definitions 
NORM is any substance that naturally contains one or more radionuclides. 
Under 25 TAC 289.259(c)(4), NORM is naturally occurring material not 
regulated under the Atomic Energy Act which has had its radionuclide 
concentrations increased by, or as a result of, human practices. NORM does not 
include the natural radioactivity of rocks or soils, or background radiation, but 
instead refers to material which has had its radioactivity concentrated by 
controllable practices (or by past human practices).  

The DSHS and the TCEQ have slightly different definitions of NORM in their 
rules. The DSHS definition is used for exemption concurrences, since the 
exemption rules are mostly contained in the DSHS regulations. The TCEQ 
definition can be found at 30 TAC 336.2(83): a solid, liquid, or gaseous 
material or combination of materials, excluding source material, special 
nuclear material, and by-product material, that  

• in its natural physical state spontaneously emits radiation, 
• is discarded or unwanted, and  
• is not exempt under rules of the DSHS adopted pursuant to THSC 401.106. 

Natural radioactivity is defined in 25 TAC 289.201(b)(63) as radioactivity of 
naturally occurring nuclides whose location and chemical and physical form 
have not been altered by humans. 

4.2 Sources of Naturally Occurring Radioactivity  
Naturally occurring radioactivity can be divided into two categories:  
cosmogenic and primordial. Cosmogenic radioactivity consists of 
radionuclides formed by interaction of cosmic rays with atoms in the 
atmosphere, which include carbon-14 (with a half-life of 5,715 years), tritium 
or hydrogen-3 (12.32 years), sodium-22 (2.6 years), and beryllium-7 (53 
days).  

Primordial radioactivity consists of radionuclides with half-lives over 
hundreds of millions of years that were present at the formation of the Earth, 
which include potassium-40, rubidium-87, uranium, and thorium. Uranium 
and thorium (the parent nuclides) decay into shorter-lived radionuclides 
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(daughter nuclides) such as radium and radon. Since the half-life of the parent 
is much larger than the half-lives of the daughters, the activity of each 
daughter approaches the activity of the parent after a time period 
approximately equal to five times the daughter’s half-life. This is called secular 
equilibrium and results in an increase of the total activity of the material 
beyond the activity of the uranium or thorium alone. The three main decay 
chains of uranium and thorium, along with the daughters formed, are listed in 
the order in which they are formed in Table 2. 

Since parent and daughter nuclides are different elements and thus have 
different chemical properties, they are often separated when the material 
containing them is processed. For example, NORM waste from the oil-and-gas 
industry either has radium as its main radionuclide of concern (from process 
water, scale, and sludge at exploration sites) or contains mainly lead-210 and 
its decay daughters, bismuth-210 and polonium-210 (typically found inside 
gas-processing equipment). Radium and lead were combined under the 
ground before being pumped up and processed. 

Table 2. Uranium-238, Uranium-235, and Thorium-232 natural radioactivity 
decay chains 
Radioisotope Half-lifea Radioisotope Half-lifea Radioisotope Half-lifea 

uranium-238  4.5 By uranium-235 0.7 By thorium-232 14 By 

thorium-234 21.4 d thorium-231 25.6 y radium-228 6.7 y 

protactinum-234 
(metastable) 

1.2 m proctacium-231 34,300 y actinium-228 6.1 h 

uranium-234 245,500 y actinium-227 21.8 y thorium-228 1.9 y 

thorium-230 77,000 y thorium-227 18.4 d radium-224 3.6 d 

radium-226 1,600 y francium-223 21 m radon-220 55 s 

radon-222 93.8 d radium-223 11.7 d polonium-216 0.15 s 

polonium-218 3.1 m radon-219 3.9 s lead-212 10.6 h 

lead-214 26.8 m polonium-215 0.002 s bismuth-212 60.6 m 

bismuth-214 19.7 m lead-211 36.1 m thallium-208 3.0 m 

polonium-214 0.0002 s bismuth-211 2.16 m lead-208 stable 

lead-210 22.3 y polonium-211 0.5 s   

bismuth-210 5 d thallium-207 4.78 m   

polonium-210 138.4 d lead-207 stable   

lead-206 stable     
a By = billion years, y = years, d = days, h = hours, m = minutes, s = seconds 
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4.3 Small Quantities of Radium or NORM in Soil or Other Media: 
25 TAC 289.259(d) 
NORM waste is exempt for purposes of disposal under 25 TAC 289.259(d) if it 
contains, or is contaminated at, the following concentrations in soil or other 
media: 

• 30 picocuries per gram (pCi/g) or less of radium-226 or radium-228 
provided the radon emanation rate is less than 20 picocuries per square 
meter per second (pCi/m2/sec), 

• 5 pCi/g or less of radium-226 or radium-228 in which the radon emanation 
rate is equal to or greater than 20 pCi/m2/sec; or 

• 150 pCi/g or less of any other NORM radionuclide. 

Radium-226 and radium-228 are considered separately, so both isotopes can 
be up to the limit (30 or 5 pCi/g) and still be exempt. Typically, Ra-226 is 
present in larger quantities than Ra-228. Other media is defined in 25 TAC 
289.259(c)(5) as “any volumetric material other than soils or liquids (for 
example: sludge, scale, slag, etcetera [sic]).” 

Note that the radon-220 emanation rate, formed by the decay of radium-228–
contaminated material, would likely be undetectable due to the extremely 
short half-life of radon-220. The radon-emanation rate specified in the rule 
above does not apply to: 

• known NORM types for which the radon-emanation fraction has been 
documented to be low, e.g. oil-production scales and sludges;  

• soil in which the known volume of NORM would be too low to produce a 
radon-emanation rate of 20 pCi/m2/s (as demonstrated by calculation); or 

• soil that has been displaced from its natural location and is to be disposed 
of in a (permitted) disposal site for hazardous material.  

This 30 pCi/g rule [289.259(d)] is not applicable to pipe or other equipment 
as a means of determining exemption. It is more appropriate for volumetric 
media, such as sludge, slag, soil, scale, or rubble mixed with other media.  

This rule is not to be confused with the “release for unrestricted use” rules at 
30 TAC 336.356 (see section 3.5); 25 TAC 289.259(d) applies to soil that has 
been removed from the site before the site was declared to be released for 
unrestricted use. These rules are not to be used for determining if soil or other 
media can be released for unrestricted use. 
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4.4 Source Material: 25 TAC 289.251(d)(1) and (2) 

4.4.1 Weight Percent of 0.05 

For the purpose of exemption concurrences, source material is defined 
as uranium or thorium, or any combination thereof, in any physical or 
chemical form [30 TAC 336.2(125)]. Source material does not include special 
nuclear material (defined in Appendix A). Any chemical mixture, compound, 
solution, or alloy of source material is exempt if the source material is by 
weight less 0.05% of the mixture, compound, solution, or alloy [25 TAC 
251(d)(1)].  

The levels of activity per unit mass that corresponds to 0.05% by weight for 
different source material radionuclides are shown in Table 3. In the 
calculations of weight percent, the isotopes Th-228, Th-230, and U-234 can be 
ignored, since their activity values at 0.05 weight percent exceed the limit of U-
238 or Th-232 by over three orders of magnitude and these isotopes, being in 
equilibrium with Th-232 and U-238, will have activities equal to or less than 
their parents’. Additionally, U-235 can usually be ignored for uranium that has 
not been enriched, since it is present in natural ore at only 0.72% by mass, and 
2.2% by activity, compared to total uranium. 

If radium and other daughters are at or reaching secular equilibrium with the 
uranium or thorium (each daughter activity should then be equal to or less 
than the parent activity), then the activity of the daughter is not considered for 
determining the exemption status of the material. The daughter radionuclides 
are considered to be covered under the exemption of the uranium or thorium 
parent. For example, if the material contains 100 pCi/g uranium-238 (under 
0.05% by weight) and 90 pCi/g radium-226, it is still exempt even though the 
radium exceeds 30 pCi/g (see Section 4.1). 

Table 3. Specific-Activity Values for 0.05 Weight Percent of Source Material 
Isotope Specific Activity Material Specific activity 

thorium-232 54.9 pCi/g natural thorium 110 pCi/g of total Thoriuma 

uranium-238 167.5 pCi/g natural uranium 340 pCi/g of total Uraniumb 

uranium-235 1,078 pCi/g depleted uranium 199 pCi/g of total Uraniumc 

a Th-232 is in secular equilibrium with its daughter Th-228 (both isotopes are at equal activity level).  
b By activity, 48.8% U-234 (daughter of U-238), 2.4% U-235, and 48.8% U-238 (IAEA, 2010). 
c

4.4.2 Unrefined or Unprocessed Ore 

 Typically, by activity, 15.2% U-234, 1.1% U-235, and 83.7% U-238 (IAEA, 2010). 

Unrefined and unprocessed ore containing source material are exempt 
provided that the ore has not been refined or processed [25 TAC 
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289.251(d)(2)]. This exemption does not apply to the mining of ore containing 
source material for the extraction of source material (known as source 
recovery), which requires a specific license from the TCEQ or the RRC. 

4.4.3 Rare-Earth Elements with Source Material 

Rare-earth metals and compounds, mixtures, and products containing no more 
than 0.25% by weight of thorium, uranium, or any combination of these are 
exempt [25 TAC 289.251(d)(A)(vi)]. Rare-earth metals include the elements 
scandium, yttrium, and the 15 lanthanides (also referred to as lanthanoids) 
with atomic numbers 57–71: lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, terbium, dysprosium, 
holmium, erbium, thulium, ytterbium, and lutetium. 

4.5 Specific Items Containing Source Material: 25 TAC 
289.251(d)(3) 

4.5.1 Thorium 

The following specific items containing thorium are exempt, provided that 
they meet the weight percentage and other requirements found in the rule. 

• incandescent gas mantles: any quantity of Th [25 TAC 251(d)(3)(A)(i)] 
• vacuum tubes: any quantity of Th [25 TAC 251(d)(3)(A)(ii)] 
• welding rods: any quantity of Th [25 TAC 251(d)(3)(A)(iii)] 
• electric lamps used for illuminating: no more than 50 mg Th per lamp [25 

TAC 251(d)(3)(A)(iv)] 
• germicidal lamps, sunlamps, and lamps for outdoor or industrial lighting: 

no more than 2 g Th per lamp [25 TAC 251(d)(3)(A)(v)]  
• personnel neutron dosimeters: no more than 50 mg Th per dosimeter [25 

TAC 251(d)(3)(A)(vi)] 
• finished optical lenses (except for contact lenses, spectacles, or in eyepieces 

in binoculars or in other optical instruments): no more than 30% by weight 
of Th (does not include the shaping, grinding, or polishing of such lenses or 
manufacturing processes other than the assembly of such lenses into 
optical systems and devices without any alteration of the lens) [25 TAC 
251(d)(3)(G)] 

• finished aircraft-engine parts containing nickel-thoria alloy [25 TAC 
251(d)(3)(I)], provided that: 
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 the thorium is dispersed in the nickel-thoria alloy in the form of finely 
divided thoria (thorium dioxide) and 

 the thorium content in the nickel-thoria alloy does not exceed 4.0% by 
weight  

• any finished product or part containing metal-thorium alloys [25 TAC 
289.259(d)(3)(D)], provided that:  
 the thorium content of the alloy does not exceed 4% by weight 
The chemical, physical, or metallurgical treatment or processing of these 
products or parts is not authorized under this rule. However, if parts are 
machined to ensure they still meet tolerance levels after a period of use, the 
shavings will be considered exempt for waste-disposal purposes 

4.5.2 Uranium 

Uranium contained in detector heads for use in fire-detection units 
are exempt, provided that each detector head contains not more than 0.005 
microcuries of uranium [25 TAC 251(d)(3)(H)]. 

4.5.3 Source Material  

The following items containing source material are exempt provided that they 
meet the weight percentages and other requirements in the rule.  

• glazed ceramics (for example tableware): the glaze may not contain more 
than 20% source material by weight [25 TAC 251(d)(3)(B)(i)] 

• glassware (except commercially manufactured glass brick, pane glass, 
ceramic tile, or other glass or ceramic used in construction): no more than 
10% source material by weight [25 TAC 251(d)(3)(B)(ii)] 

• glass enamel or glass-enamel frit imported or ordered for importation into 
the U.S., or initially distributed by manufacturers in the U.S., before July 25, 
1983: no more than 10% source material by weight [25 TAC 
251(d)(3)(B)(iii)] 

• piezoelectric ceramic: no more than 2.0% source material by weight 
[25 TAC 251(d)(3)(B)(iv)] 

• photographic film, negatives, and prints [25 TAC 251(d)(3)(C)]: no weight-
percent limit 

4.6 Depleted Uranium 
Additionally, depleted uranium is exempt if it is used as shielding constituting 
part of any shipping container, provided that the shipping container is 
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conspicuously and legibly impressed with the legend "CAUTION—
RADIOACTIVE SHIELDING—URANIUM;" and the uranium metal is encased in 
mild steel or an equally fire-resistant material, with a wall thickness of at least 
1/8 inch [25 TAC 289.251(d)(3)(F)]. 

Depleted uranium is exempt if it is contained in counterweights installed (also 
if stored or handled in connection with the installation or removal of such 
counterweights) in aircraft, rockets, projectiles, and missiles [25 TAC 
289.251(d)(3)(E)]. The rule does not authorize the chemical, physical, or 
metallurgical treatment or processing of any of these counterweights except 
for the purpose of repairing or restoring any plating, covering, or labeling. This 
exemption applies provided that:  

• the counterweights are manufactured in accordance with a specific license 
issued by the NRC authorizing distribution by the licensee in accordance 
with 10 CFR 40; 

• each counterweight has been impressed with the following legend clearly 
legible through any plating or other covering: “DEPLETED URANIUM” 
(“CAUTION—RADIOACTIVE MATERIAL—URANIUM” if manufactured prior 
to December 31, 1969); and 

• each counterweight is durably and legibly labeled or marked with 
the identification of the manufacturer and the statement: “UNAUTHORIZED 
ALTERATIONS PROHIBITED” (“CAUTION—RADIOACTIVE MATERIAL—
URANIUM” if manufactured prior to December 31, 1969). 

4.7 Other Exempt NORM Items 

4.7.1 Recycled Contaminated Objects 

Materials and equipment in the recycling process contaminated with NORM 
scale or residue are exempt if the maximum radiation exposure level, 
including the background radiation level, does not exceed 50 microroentgens 
per hour (µR/hr) at any accessible point [25 TAC 289.259(d)(2)]. Recycling is 
defined in this context as “a process by which materials that have served their 
useful purpose are collected, separated, or processed and returned to use in 
the form of raw materials in the production of new products” [25 TAC 
289.259(c)(8)]. Recycling does not include the reuse of an oil pipe after 
cleaning.  

4.7.2 Oil and Gas Products and Processing 

Pipe (tubulars) and other downhole or surface equipment used in oil 
production contaminated with NORM scale or residue are exempt if the 
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maximum radiation exposure level, including the background radiation level, 
does not exceed 50 µR/hr at any accessible point [25 TAC 289.259(d)(3)]. 
Unlike other exemption rules that apply to both gas and oil, this rule applies 
only to oil production. 

Natural gas, natural-gas products, crude oil, and crude-oil products containing 
NORM are exempt [25 TAC 289.259(d)(7)]. However, the processing and 
manufacturing of natural-gas and crude-oil products containing NORM are 
subject to general license requirements. Possession of produced waters from 
crude oil and natural gas production is exempt if the produced waters are 
reinjected into a well approved by the agency having jurisdiction or if the 
produced waters are discharged under the authority of the appropriate agency 
[25 TAC 289.259(d)(8)]. 

If the waste is under the authority of the Railroad Commission, contact the 
RRC for the application of this rule to exempt material. Oil-production waste 
generated outside of Texas falls under the authority of TCEQ if disposed of in 
Texas. 

4.7.3 Phosphate Industry 

The wholesale and retail commercial distribution (including custom blending), 
possession, and use of the following products and materials, or the recycling of 
equipment or containers used to produce, contain, or transport them, are 
exempt [25 TAC 289.259(d)(6)]: 

• Phosphate and potash fertilizer. (Note that the manufacture of phosphate 
and potash fertilizer is subject to general license requirements.) 

• Phosphogypsum for agricultural uses, if such commercial distribution and 
uses meet the requirements of 40 CFR 61.204. 

4.7.4 Building, Construction, Industrial Processing, and Other NORM 

Materials used for building construction are exempt if the materials contain 
NORM that has not been concentrated to higher levels than those found in 
their natural state. This exemption includes the wholesale and retail 
commercial distribution, possession, use, and recycling of equipment or 
containers used to produce, contain, or transport these materials [25 TAC 
289.259(d)(6)].  

Material used for building construction, industrial processing, sand blasting, 
metal casings, or other NORM in which the radionuclide content has not been 
concentrated to higher levels than found in its natural state is exempt. This 
exemption includes any products or materials and the recycling of equipment 
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or containers used to produce, contain, or transport those products or 
materials [25 TAC 289.259(d)(5)]. 

The following materials commonly contain NORM at relatively high 
concentrations (but have not been concentrated to higher levels than those 
found in their natural state and are therefore exempt) and are frequently seen 
in exemption requests:  

• Refractory bricks: NORM is not concentrated during use in a furnace and is 
therefore exempt under 25 TAC 289.259(d)(5)(C). 

• Zirconium oxide (zircon, zirconium): commonly used as a blasting agent. It 
has a typical total activity of 130 to 145 pCi/g but contains a higher activity 
of radium (greater than 30 pCi/g) than uranium and thorium. It is exempt 
under 25 TAC 259(d)(5)(C) as a NORM material used in industrial 
processing in which radionuclide content has not been concentrated to 
higher levels than found in its natural state. 

• Monazite sand containing thorium-232 and its daughters.  
• Alumina, used for ceramic insulators in electrical equipment.  

4.7.5 Potassium and By-Products from Fossil-Fuel Combustion 

The following products and materials and the recycling of equipment or 
containers used to produce, contain, or transport them, are exempt [25 TAC 
289.259(d)(5)]: 

• potassium and potassium compounds that have not been isotopically 
enriched in the radionuclide K-40 

• byproducts from fossil-fuel combustion (bottom ash, fly ash, and by-
products of flue-gas emission control) 
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5 NON-NORM EXEMPTIONS 

5.1 Exempt Concentrations of Radionuclides 
Rule 25 TAC 289.251(e)(1) exempts materials (solid, liquid, or gaseous) 
containing radioactive material other than source material which have 
radionuclide concentrations that do not exceed those listed in 25 TAC 
§289.251(l)(1), which can be found in Tables B.3 and B.4 in Appendix B.  

If a radionuclide decays to a radioactive daughter, the value in those tables for 
the parent radionuclide includes the daughter activity. The activity of the 
daughter, as long as it is not greater than the activity of the parent, is not 
considered in the determination of whether the material is exempt. The sum-
of-fractions rule applies if more than one radionuclide is present.  

Please note that in most disposal situations, waste form restrictions (such as 
moisture being below a certain percentage) at landfills and disposal facilities 
would rule out the disposal of liquid and gaseous wastes, even though values 
are given for liquid and gaseous concentrations in 25 TAC 289.251(l)(1). 
These exemption rules were written for use, as well as disposal, of those 
materials. 

This exemption only applies to waste in which radioactive or by-product2

5.2 Exempt Quantities of Radionuclides 

  
material was introduced into the waste in accordance to a specific or general 
license (a specific license only for by-product material) of the NRC, an 
agreement state, or a licensing state.  

Rule 25 TAC 289.251(e)(2) grants exemptions for materials (solid, liquid, or 
gaseous) containing radioactive material, other than source material, which 
have individual quantities of radionuclides that do not exceed those listed in 
25 TAC 289.251(l)(2), reproduced in Table B.5 in Appendix B. The sum-of-
fractions rule applies if more than one radionuclide is present.  

Examples of individual quantities for which this rule applies include, but are 
not limited to, sealed sources and, for liquid waste, the container—such as a 
tank, truck, or train car—in which the waste is transported into the facility. If 
the radionuclide is listed in both 25 TAC 289.251(l)(1) and (2), then the 
concentration limit in 25 TAC 289.251(l)(1) is to be used. 

                                                 
2 See Appendix A for definition. 
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This exemption only applies to waste into which radioactive material has been 
introduced in accordance with a specific or general license of the NRC, an 
agreement state, or a licensing state. Additionally, waste in which the 
radionuclide activity has decayed from quantities not originally exempt does 
not qualify for this exemption. 

Note that in most disposal situations, restrictions on the form of waste (such 
as moisture being below a certain percentage) of landfills and disposal 
facilities would rule out the disposal of liquid and gaseous waste even though 
values are given for liquid and gaseous concentrations in 25 TAC 
289.251(l)(1). Those exemption rules were written for use, as well as disposal, 
of such materials. 

5.3 Specific Items: 25 TAC 289.251(e)(3) 
The following items, which incorporate radioactivity for functional purposes, 
are exempt if they meet the activity and radiation exposure levels in the rule:  

• Timepieces, hands, or dials [25 TAC 289.251(e)(3)(A)(i)(I)] containing not 
more than—  
 tritium (Hydrogen-3): 25 mCi per timepiece, 5 mCi per hand, 15 mCi per 

dial (bezels when used shall be considered as part of the dial);  
 radium-226: 1 μCi per timepiece in intact timepieces manufactured prior 

to January 1, 1986; or 
 promethium-147: 
 100 μCi per watch or 200 μCi per any other timepiece, 20 μCi per 

watch hand or 40 μCi per other timepiece hand, 60 μCi per watch dial 
or 120 μCi per other timepiece dial (bezels when used shall be 
considered as part of the dial), and 

 The radiation exposure at 10 centimeters when measured through 50 
milligrams per square centimeter (mg/cm2) of absorber from any 
surface shall not exceed  
• 0.1 mrad/hr for wristwatches,  
• 0.1 mrad/hr for pocket watches, and  
• 0.2 mrad/hr for any other timepiece. 

• Lock illuminators installed in automobile locks containing not more than 
[25 TAC 289.251(e)(3)(A)(i)(II)]— 
 tritium: 15 mCi or  
 promethium-147:  
 2 mCi and  
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 an exposure rate not exceeding 1 mrad/hr at 1 cm from any surface 
when measured through 50 mg/cm2 of absorber.  

• Precision balances containing not more than 1 mCi of tritium per balance or 
not more than 0.5 mCi of tritium per balance part [25 TAC 
289.251(e)(3)(A)(i)(III)].  

• Automobile shift quadrants containing not more than 25 mCi of tritium [25 
TAC 289.251(e)(3)(A)(i)(IV)]. 

• Marine compasses containing not more than 750 mCi of tritium gas and 
other marine navigational instruments containing not more than 250 mCi of 
tritium gas [25 TAC 289.251(e)(3)(A)(i)(V)]. 

• Thermostat dials and pointers containing not more than 25 mCi of tritium 
per thermostat [25 TAC 289.251(e)(3)(A)(i)(VI)]. 

• Electron tubes (including spark-gap tubes, power tubes, gas tubes, 
glow lamps, receiving tubes, microwave tubes, indicator tubes, pick-up 
tubes, radiation detection tubes, and any other completely sealed tube 
designed to control electrical currents) [25 TAC 289.251(e)(3)(A)(i)(VII)] 
provided that— 
 each tube does not contain more than one of the following specified 

quantities of radioactive material: 
 Tritium: 150 mCi per microwave receiver protector tube or 10 mCi 

per any other electron tube, 
 Cobalt-60: 1 μCi, 
 Nickel-63: 5 μCi, 
 Krypton-85: 30 μCi, 
 Cesium-137: 5 μCi, or 
 Promethium-147: 30 µCi, and  

 for each tube, the exposure level does not exceed 1 mrad/hr at 1 cm from 
any surface when measured through 7 mg/cm2 of absorber. 

• Instruments for measuring ionizing radiation containing, for purposes of 
internal calibration or standardization, a source of radioactive material not 
exceeding either the applicable quantity set forth in 25 TAC 289.251(l)(2) 
[see Table B.5] or 0.05 µCi of americium-241 [25 TAC 
289.251(e)(3)(A)(i)(VIII)]. 

• Spark-gap irradiators, each containing no more than 1 μCi of cobalt-60, for 
use in electrically ignited fuel-oil burners having a firing rate of at least 3 
gallons per hour [25 TAC 289.251(e)(3)(A)(i)(IX)]. 

• Capsules containing 1 μCi or less of carbon-14 urea for in vivo diagnostic 
use in humans [25 TAC 289.251(e)(4)]. (A specific license is required to 
manufacture, prepare, process, produce, package, repackage, or transfer for 
commercial distribution such capsules.) 



Disposal of Exempt Waste That Contains Radioactive Material TCEQ publication RG-486  

22  November 2010 

• Self-luminous products containing tritium, krypton-85, or promethium-147 
if manufactured, processed, produced, imported, or transferred in 
accordance with a specific license issued by the NRC authorizing the 
transfer of the product to persons exempt from regulatory requirements 
except for [25 TAC 289.251(e)(3)(B)(i)]: 
 those who manufacture, process, or produce these products, 
 products in which self-luminosity serves frivolous purposes, or 
 toys or adornments. 

• Ionization-chamber smoke detectors containing no more than 1 µCi of Am-
241 per detector in the form of a foil and designed to protect life and 
property from fire [25 TAC 289.251(e)(3)(A)(i)(X)]. 

• Items that contain less than 0.1 μCi of radium-226 if received, possessed, 
used, transferred, or owned prior to January 1, 1986 [25 TAC 
289.251(e)(3)(B)(ii)]. 

• Gas and aerosol detectors containing radioactive material designed to 
protect life or property from fires and airborne hazards are exempt (except 
for persons who manufacture, process, produce, or initially transfer these 
detectors) provided that the detectors were manufactured, imported, or 
transferred in accordance with a specific license issued by the NRC, an 
agreement state or a licensing state which authorizes the initial transfer of 
the detectors to persons who are exempt from regulatory requirements [25 
TAC 289.251(e)(3)(C)].  
 Detectors must be intact to qualify for this exemption. That is, the cover 

must not have been removed, nor the source removed from the unit. 
 Required documentation to qualify for this exemption is typically either 

a sealed-source-and-device (SS&D) sheet or a copy of the radioactive-
material license that identifies the make and model of the smoke 
detector as exempt. The SS&D sheet can be obtained from the 
manufacturer. If it is unobtainable, the state regulator (Chapter 7 has 
contact information) has access to additional resources not available to 
the public that may be able to identify the detector’s make and model as 
exempt. If documentation cannot be found, then that item cannot be 
exempted under this rule.  

5.4 Emission-control dust from electric arc furnaces: 25 TAC 
289.202(ff)(2) 
This exemption requires approval from either the TCEQ or the DSHS. 
The DSHS is the appropriate agency if the generator of the material was a 
DSHS licensee. The TCEQ is the appropriate agency in all other instances. 
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Emission-control dust and other material from electric-arc furnaces or 
foundries contaminated as a result of inadvertent melting of cesium-137 or 
americium-241 sources may be transferred for disposal to a hazardous-waste 
disposal facility authorized by the TCEQ without regard to its radioactivity if 
all of the following conditions are met [25 TAC 289.202(ff)(2)]. (“Licensee” 
includes the owner-operator of an electric arc furnace or foundry or the 
service contractor hired to handle the waste.) 

• The emission-control dust and other incident-related materials 
(“contaminated materials”), whether packaged or unpackaged (i.e., bulk), 
must be treated through stabilization to comply with all waste-treatment 
requirements by the licensee, who must be licensed to possess, treat, or 
transfer incident-related material contaminated with Cs-137 or Am-241, . 

• Transfer and storage (if applicable) and storage of the contaminated 
materials were in accordance with operating and emergency procedures 
approved by the appropriate regulatory agency. 

• The total Cs-137 or Am-241 activity contained in the contaminated 
materials to be transferred for disposal was specifically approved by the 
NRC or all appropriate agreement states and does not exceed the total 
activity associated with the inadvertent melting incident. 

• The operator of the hazardous-waste disposal facility has been notified in 
writing of the impending transfer and has agreed in writing to receive and 
dispose of the materials. (Copies of the notification and agreement must be 
submitted to the appropriate regulatory agency.) 

• The licensee has notified the NRC or all agreement states in which the 
transferor and transferee are located, in writing, of the impending transfer, 
at least 30 days before the transfer. 

• The stabilized contaminated materials had been packaged for 
transportation and disposal in non-bulk steel packaging as defined in DOT 
regulations at 49 CFR 173.213. 

• The pretreatment average concentrations of Cs-137 in the 
stabilized contaminated materials do not exceed 130 pCi/g for 
packaged contaminated materials and 100 pCi/g for unpackaged 
contaminated materials. 

• The pretreatment average concentrations of Am-241 in the stabilized 
materials do not exceed 3 pCi/g for packaged and unpackaged 
contaminated materials. 

• The dose rate at 3.28 feet (1 meter) from the surface of any package 
containing the stabilized waste does not exceed 20 µrem/hr above 
background. 

• The licensee transferring the contaminated materials must consult with the 
NRC, the appropriate state and federal agencies, and local governments and 
obtain all necessary approvals. 
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• The total incident-related activity received by a disposal facility over its 
operating life shall not exceed 1 Ci of Cs-137 and 30 mCi of Am-241. 
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6 ALTERNATIVE METHOD FOR OBTAINING AN 
EXEMPTION CONCURRENCE 
Another option for obtaining an exemption concurrence is stipulated at 
30 TAC 336.5(a): the TCEQ may exempt a radioactive material if it determines 
that the exemption is not prohibited by law and will not result in a significant 
risk to public health and safety or the environment. Persons requesting an 
exemption under this rule need to submit an application to TCEQ using the 
process in 30 TAC 90 (relating to regulatory flexibility).  

The application must be accompanied by certain fees and must include:  

• the nature of the request, 
• a legal analysis to demonstrate that the exemption is not prohibited by law,  
• a technical analysis to demonstrate that the exemption will not result in a 

significant risk to public health and safety or the environment, and 
• a detailed explanation, including a demonstration as appropriate, that the 

proposed exemption is: 
 not prohibited by law, including any requirement for a federally 

approved or authorized program, and 
 at least as protective of the environment and the public health as 

the method or standard prescribed by the TCEQ rule that would 
otherwise apply. 
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7 OBTAINING AN EXEMPTION CONCURRENCE 
To request an exemption concurrence, send a signed letter with the 
appropriate documentation to the Radioactive Materials Division, MC 233,  
TCEQ, P.O. Box 13087, Austin TX 78711-3087. Please mark on the envelope 
that an exemption is being requested. The request can also be scanned and 
electronically submitted to the Radioactive Materials Division. However, if the 
request is over 50 pages, a hard copy must be mailed as well. To determine the 
point of contact for exemptions, call the Radioactive Materials Division at 512-
239-6466.  

Often, a hazardous-waste disposal facility will request an exemption 
concurrence for the waste generator as part of its process of receiving and 
disposing of waste that contains radioactive material. 

Please include the following information in the exemption-concurrence 
request: 

• the waste-generator identification 
• the volume of waste 
• the physical form of the waste 
• a sampling protocol and sampling data 
• characterization 
• the device manufacturer’s name and device model number (if appropriate) 
• any other information that may help in making the exemption 

determination 
The TCEQ typically needs up to two weeks to review an exemption request. If 
the agency requires additional information, its staff will contact the requester 
by letter, e-mail, or phone. There is no fee for an exemption-concurrence 
request (or for the actual concurrence) unless the exemption is processed 
according to 30 TAC 336.5(a) (see Chapter 6).  

An exemption concurrence can only be granted to a material or item if 
documentation shows that it meets the exemption criteria. Documentation can 
be one or more of the following: process knowledge, radiochemical analysis of 
the sample, radiation surveys of the item or material, or NRC analysis 
documenting that it meets the exemption criteria, provided that the criteria 
are also in the Texas Administrative Code. 
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7.1 Process Knowledge 
Many items identified in the exemption rules have been manufactured with 
specific radioactive content so that those items would satisfy the exemption 
limits. Such items can be exempted without radiochemical analysis if it can be 
documented that they were manufactured to contain a radioactive content at 
or below the exemption limits. Some examples of such items or documentation 
include: 

• a smoke detector which has a sticker attached verifying that it contains 1 
µCi or less of americium-241  

• a sealed-source-or-device sheet from the NRC exempting this specific 
sealed source, identified by manufacturer and model number 

• NRC license showing the make and model of a device or sealed source as 
being authorized to be commercially distributed as an exempt item  

• company literature  
• a Material Data Safety Sheet 
• items used by the U.S. armed forces that are built according to military 

specifications and listed by a national part number in the Technical Bulletin 
(Army, 1998) as exempt. 

The list above is not an exhaustive discussion of the different possibilities for 
using process knowledge but only gives examples from prior exemption-
concurrence requests. 

Clearly defined manufacturing processes that use NORM material can be 
exempted using process knowledge [under 25 TAC 289.259(d)(5)(A), (5)(C), 
and (6)(C)] if it can be documented that the process does not concentrate the 
naturally occurring radionuclides according to the appropriate regulation. 

 

7.2 Radiochemical Analysis 
If process knowledge cannot demonstrate whether an item or material is 
exempt, then the TCEQ may require sampling to ascertain whether the waste 
meets the exemption criteria. 

7.2.1 NELAC Accreditation 

Analytical data from samples measured by a laboratory can only be accepted if 
the laboratory is National Environmental Laboratory Accreditation Conference 
(NELAC) accredited by the Texas Laboratory Accreditation Program operated 
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by the TCEQ3

• The laboratory is an on-site or in-house environmental testing laboratory 
that 

 or the data are exempt from the NELAC-accreditation 
requirement under one of the following criteria [30 TAC 25.6]:  

 is inspected at least every three years by the executive director, 
 is located in another state and accredited or periodically inspected by 

that state, or  
 gets inspected at least every three years by the executive director and is 

performing work: 
 for another company with a unit located on the same site, or 
 without compensation for a governmental agency or a charitable 

organization. 
• The lab is accredited under federal law, including certification by the United 

States Environmental Protection Agency to provide analytical data for 
decisions relating to compliance with the Safe Drinking Water Act. 

• The lab supplies analytical data necessary for emergency response and the 
required analytical data are not otherwise available from an environmental 
testing laboratory that is accredited by the TCEQ or federal law.  

• The lab supplies analytical data for which the commission does not offer 
accreditation. 

7.2.2 Minimum Detectable Activity and Detection Limit 

The minimum detectable activity (MDA) is the smallest activity above 
the background level of a radionuclide that will be detected with a 95% 
probability (a 5% probability of a false negative) and a 5% probability of 
falsely concluding that a sample at background is above the background 
activity value (false positive). The MDA is the minimum radionuclide activity 
that an instrument can reliably detect. 

The detection limit (DL) is the smallest activity that will be detected with a 5% 
false positive probability but with a false negative probability higher than 5%. 
The DL is also known as the lower level of detection. If the analytical result is 
above the DL, even if the value is below the MDA, it can be concluded that the 
radionuclide is present above background in that sample. The DL is the 
minimum activity that an instrument can detect. 

It is a common error to assume that measurements below the MDA indicate 
that the sample does not contain that radionuclide or that the radionuclide is 
at background levels. Reported values below the MDA should be reported as 

                                                 
3 A list of which laboratories are accredited by the TCEQ appears at <www.tceq.state.tx.us/ 
assets/public/compliance/compliance_support/qa/txnelap_lab_list.pdf>. 
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measured, even if negative, and not be listed only as being below the MDA. 
Since values above the DL indicate the presence of the radionuclide, the MDA 
should not be used as the detection cutoff point. 

The MDA and DL depends upon the type of instrument, the counting geometry 
(position and size of the radiation source in relation to the detector), the 
measurement methodology, and the radionuclide to be detected. The DL must 
be below the exemption limits or the values cannot be used to confirm that the 
exemption requirements have been met. 

Equations 1 and 2 determine the MDA and LLD, respectively. The square root 
of the background activity is also the standard deviation of the background 
count. 

Eqn. 1  BLLD 33.2=  

Eqn. 2  BMDA 66.43+=  

B is the measured background activity. 

7.2.3 Averaging and Homogeneity 

It is important that the sample accurately represent the average activity level 
of the waste volume. If homogeneity cannot be guaranteed, then four to five 
samples are required for every 20 cubic yards (yd3). The maximum volume of 
material over which averaging may be performed is 20 yd3. No single 
measurement made to calculate an average volumetric or surface-activity 
contamination can exceed 10 times the exemption criteria.  

A total of fewer than four to five samples per 20 yd3 will be accepted if 
additional data are included such as the studies of contaminated soil from an 
environmental remediation project which had been sampled extensively 
during the characterization or remediation stage. Examples of acceptable data 
successfully used in prior exemption-concurrence requests, combined with 
analytical laboratory analysis of samples, include the results of an in situ 
object-counting system (ISOCS) and screening surveys of soil or debris with 
the intent of on-site segregation into waste types. 

Each waste container is considered as a separate waste volume. Two waste 
volumes cannot be averaged together to determine if the activity is below the 
exemption limit. For example, two containers, one at 34 pCi/g Ra-226 and the 
other at 20 pCi/g Ra-226 cannot be averaged to yield a result of 27 pCi/g Ra-
226 and thereby exempt both containers. Only the container at 20 pCi/g Ra-
226 would be exempt.  
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7.2.4 Measurement of Daughters to Determine Parent Radionuclide Activity 

Some radiochemical analyses are difficult to perform, given the isotope and 
the material. These analyses may require alternative testing methodologies. 
For example, analysis of thorium in metal is a difficult measurement to 
perform since iron in the sample interferes with measuring the thorium. 
However, the daughters of the parent nuclide (uranium or thorium) may be 
measured to determine the parent radionuclide concentration. In addition, 
whether equilibrium has been reached (daughter activity equals parent 
activity) or the ratio of daughter activity to parent activity (if equilibrium has 
not yet been reached) can be calculated from the elapsed time since the item 
was processed or manufactured and the half-life values of the 
applicable isotopes.  

7.2.5 Surface Contaminated Waste 

Volumetric measurements of surface-contaminated waste (averaging the 
activity on the surface over the mass of the piece of debris)—such as fixed 
contamination on concrete rubble—for disposal exemption concurrences are 
allowed, case by case, if the procedures in ANSI/HPS N13.12-1999 are closely 
followed. Contaminated distinct items or equipment, if they are to be disposed 
of, do not need to meet the surface-contamination release limits in 30 TAC 
336.364 (see Table 1). The TCEQ will not accept a calculation that averages the 
activity on the surface of a piece of debris and the entire mass of material in a 
container containing non-contaminated rubble or other waste. Radiological 
Assessments for Clearance of Materials from Nuclear Facilities (NRC, 2003: 
section 3.8) contains a methodology relating specific activities (Bq/cm2) to 
specific areal activity (Bq/g), including the mass-to-surface-ratio conversion 
factors for various steel components of nuclear power plants.  

7.3 Radiation Survey  
Radiation surveys (wipes or exposure rates) are sometimes required to 
determine if exemption requirements are met. Rules regarding the radiation-
survey instruments are at 25 TAC 289.259(e), which is summarized below. 

• The radiation-survey instrument must be: 
 able to measure from 1 µR/hr to at least 500 µR/hr, 
 calibrated, 
 appropriate (for example, a detector able to measure alpha radiation 

shall be used for alpha-emitting radionuclides), and 
 operable. 

• Calibration of the radiation-survey instrument must:  
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 be performed by a person licensed or registered by the DSHS, another 
agreement state or licensing state, or the NRC to perform such service; 

 be for the same energy values as the radiation to be measured;  
 be performed annually and also after each time that the instrument is 

serviced (changing the battery does not require that the instrument be 
calibrated); and  

 demonstrate an accuracy within ±20% using a reference source 
supplied by a person properly authorized. 

• Records of instrument calibrations are to be maintained for inspection by 
the NRC, DSHS, or an appropriate agreement-state agency for five years 
after the calibration date. 

7.4 NRC Analysis 
A letter from the NRC documenting its analysis and conclusion that a specific 
waste volume or stream meets the exemption requirements may be accepted 
by TCEQ to grant an exemption concurrence in Texas, provided that the rule in 
the Code of Federal Regulations used by the NRC to exempt the material is also 
in the Texas Administrative Code (see Subsection 2.3.1).  
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APPENDIX A: DEFINITIONS 
agreement state. Any state with which the NRC has entered into an effective 
agreement under 274b of the Atomic Energy Act of 1954, as amended. An 
agreement state regulates radioactive material within its boundaries except 
for federal sites and nuclear power plants. 

by-product material. Defined in 30 TAC 336.2(16) in regards to source 
material as “the tailings or wastes produced by or resulting from the 
extraction or concentration of uranium or thorium from ore processed 
primarily for its source material content, including discrete surface wastes 
resulting from uranium solution extraction processes, and other tailings 
having similar radiological characteristics.” It excludes underground ore 
bodies depleted by these solution-extraction processes. 

executive director. The executive director of the commission, or 
any authorized individual designated to act for the executive director 
[30 TAC 3.2(16)]. 

exempt material. Radioactive material that is exempt from the radioactive-
material regulations and can therefore be used or disposed of without 
consideration of its radioactive content. 

exemption concurrence. A letter from the appropriate regulatory agency 
stating that a specific radioactive material or object meets the exemption 
criteria stipulated in the Texas Administrative Code and is therefore exempt 
from the radioactive material regulations. 

false negative. Failure of an analysis of a sample for a radionuclide 
contaminant to detect that radionuclide when the sample actually is 
contaminated with it.  

false positive. Seeming detection of a radionuclide contaminant in a sample 
when the sample actually is not contaminated with that radionuclide.  

licensed material. Radioactive material received, possessed, used, or 
transferred under a general or specific license issued by the agency [25 TAC 
289.201(b)(53)]. 

naturally occurring radioactive material. Defined in 25 TAC 289.259(c)(4) as: 

Naturally occurring materials not regulated under the 
A[tomic] E[nergy] A[ct] whose radionuclide 
concentrations have been increased by or as a result of 
human practices. NORM does not include the natural 
radioactivity of rocks or soils, or background radiation, 
but instead refers to materials whose radioactivity is 
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concentrated by controllable practices (or by past 
human practices). NORM does not include source, 
byproduct, or special nuclear material. 

special nuclear material. Either (A) plutonium, uranium-233, uranium 
enriched in the isotope 233 or in the isotope 235, and any other material that 
NRC, in accordance with the provisions of the Atomic Energy Act of 1954, 51 
as amended, determines to be special nuclear material, but does not include 
source material; or (B) any material artificially enriched by any of the 
foregoing, but not source material [25 TAC 289.201(b)(101)]. 

sum-of-fractions rule. Equation used to determine if a mixture of radionuclides 
exceeds a regulatory limit when each radionuclide has a different activity limit. 
The rule is shown in Equation A-1, but can be described as the requirement 
that the sum of the ratios of the radionuclide concentrations over its 
regulatory limit is less than or equal to one. 

Eqn. A-1  0.1
1

≤= ∑
=

N

i i

i

R
CRatio  

C is the measured concentration or activity of radioisotope i. 

R is the regulatory limit for the concentration or activity of radioisotope i. 

N is the total number of radioisotopes in the waste. 

transuranics (TRUs). Elements with an atomic number higher than that of 
uranium, which is 92. Common transuranic elements are neptunium, 
plutonium, americium, and curium. 

tritium. A hydrogen isotope with one proton and two neutrons. It is commonly 
referred as tritium (T) instead of hydrogen-3 (H-3). 
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APPENDIX B: REGULATORY TABLES USED TO 
DETERMINE IF A MATERIAL IS EXEMPT 

Table B.1. Monthly Average Radionuclide Concentrations Allowed for Release to Sewers 
as Authorized at 25 TAC 336.215 
Element N Radionuclides with monthly average concentration (µCi/ml) 
Hydrogen (H) 1 H-3  1E-2     
Beryllium (Be) 4 Be-7 6E-3 Be-10 2E-4   
Carbon (C) 6 C-11 6E-2 C14 3E-4   
Fluorine (F) 9 F-18 7E-3     
Sodium (Na) 11 Na-22 6E-5 Na-24 5E-4   
Magnesium (Mg) 12 Mg-28 9E-5     
Aluminum (Al) 13 Al-26 6E-5     
Silicon (Si) 14 Si-31 1E-3 Si-32 4E-4   
Phosphorus (P) 15 P-32 9E-5 P-33 8E-4   
Sulfur (S) 16 S-35 1E-3     
Chlorine (Cl) 17 Cl-36 2E-4 Cl-38 3E-3 Cl-39 5E-3 
Potassium (K) 19 K-40 4E-5 K-42 6E-4 K-43 9E-4 
  K-44 5E-3 K-45 7E-3   
Calcium (Ca) 20 Ca-41 6E-4 Ca-45 2E-4 Ca-47 1E-4 
Scandium (Sc) 21 Sc-43 1E-3 Sc-44m 7E-5 Sc-44 5E-4 
  Sc-46 1E-4 Sc-47 4E-4 Sc-48 1E-4 
  Sc-49 3E-3     
Titanium (Ti) 22 Ti-44 4E-5 Ti-45 1E-3   
Vanadium (V) 23 V-47 4E-3 V-48 9E-5 V-49 1E-2 
Chromium (Cr) 24 Cr-48 8E-4 Cr-49 4E-3 Cr-51 5E-3 
Manganese (Mn) 25 Mn-51 3E-3 Mn-52m 5E-3 Mn-52 1E-4 
  Mn-53 7E-3 Mn-54 3E-4 Mn-56 7E-4 
Iron (Fe) 26 Fe-52 1E-4 Fe-55 1E-3 Fe-59 1E-4 
  Fe-60 4E-6     
Cobalt (Co) 27 Co-55 2E-4 Co-56 6E-5 Co-57 6E-4 
  Co-58m 8E-3 Co-58 2E-4 Co-60m 2E-1 
  Co-60 3E-5 Co-61 3E-3 Co-62m 7E-3 
Nickel (Ni) 28 Ni-56 2E-4 Ni-57 2E-4 Ni-59 3E-3 
  Ni-63 1E-3 Ni-65 1E-3 Ni-66 6E-5 
Copper (Cu) 29 Cu-60 4E-3 Cu-61 2E-3 Cu-64 2E-3 
  Cu-67 6E-4     
Zinc (Zn) 30 Zn-62 2E-4 Zn-63 3E-3 Zn-65 5E-5 
  Zn-69m 6E-4 Zn-69 8E-3 Zn-71m 8E-4 
  Zn-72 1E-4     
Gallium (Ga) 31 Ga-65 9E-3 Ga-66 1E-4 Ga-67 1E-3 
  Ga-68 2E-3 Ga-70 1E-2 Ga-72 2E-4 
  Ga-73 7E-4     
Germanium (Ge) 32 Ge-66 3E-3 Ge-67 6E-3 Ge-68 6E-4 
  Ge-69 2E-3 Ge-71 7E-2 Ge-75 9E-3 
  Ge-77 1E-3 Ge-78 3E-3   
Arsenic (As) 33 As-69 6E-3 As-70 2E-3 As-71 5E-4 
  As-72 1E-4 As-73 1E-3 As-74 2E-4 
  As-76 1E-4 As-77 6E-4 As-78 1E-3 
Selenium (Se) 34 Se-70 1E-3 Se-73m 4E-3 Se-73 4E-4 
  Se-75 7E-5 Se-79 8E-5 Se-81m 3E-3 
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Element N Radionuclides with monthly average concentration (µCi/ml) 
  Se-81 1E-2 Se-83 4E-3   
Bromine (Br) 35 Br-74m 3E-3 Br-74 5E-3 Br-75 5E-3 
  Br-76 5E-4 Br-77 2E-3 Br-80m 3E-3 
  Br-80 1E-2 Br-82 4E-4 Br-83 9E-3 
  Br-84 4E-3     
Rubidium (Rb) 37 Rb-79 8E-3 Rb-81m 4E-2 Rb-81 5E-3 
  Rb-82m 2E-3 Rb-83 9E-5 Rb-84 7E-5 
  Rb-86 7E-5 Rb-87 1E-4 Rb-88 4E-3 
  Rb-89 9E-3     
Strontium (Sr) 38 Sr-80 6E-4 Sr-81 3E-3 Sr-82 3E-5 
  Sr-83 3E-4 Sr-85m 3E-2 Sr-85 4E-4 
  Sr-87m 6E-3 Sr-89 8E-5 Sr-90 5E-6 
  Sr-91 2E-4 Sr-92 4E-4   
Yttrium (Y) 39 Y-86m 3E-3 Y-86 2E-4 Y-87 3E-4 
  Y-88 1E-4 Y-90m 1E-3 Y-90 7E-5 
  Y-91m 2E-2 Y-91 8E-5 Y-92 4E-4 
  Y-93 2E-4 Y-94 4E-3 Y-95 7E-3 
Zirconium (Zr) 40 Zr-86 2E-4 Zr-88 5E-4 Zr-89 2E-4 
  Zr-93 4E-4 Zr-95 2E-4 Zr-97 9E-5 
Niobium (Nb) 41 Nb-88 1E-2 Nb-89 

(22 min) 
1E-3 Nb-89  

(122 min) 
7E-4 

  Nb-90 1E-4 Nb-93m 2E-3 Nb-94 1E-4 
  Nb-95m 3E-4 Nb-95 3E-4 Nb-96 2E-4 
  Nb-97 3E-3 Nb-98 2E-3   
Molybdenum (Mo) 42 Mo-90 3E-4 Mo-93m 6E-4 Mo-93 5E-4 
  Mo-99 2E-4 Mo-101 7E-3   
Technetium (Tc) 43 Tc-93m 1E-2 Tc-93 4E-3 Tc-94m 3E-3 
  Tc-94 1E-3 Tc-95m 5E-4 Tc-95 1E-3 
  Tc-96m 2E-2 Tc-96 3E-4 Tc-97m 6E-4 
  Tc-97 5E-3 Tc-98 1E-4 Tc-99m 1E-2 
  Tc-99 6E-4 Tc-101 2E-2 Tc-104 4E-3 
Ruthenium (Ru) 44 Ru-94 2E-3 Ru-97 1E-3 Ru-103 3E-4 
  Ru-105 7E-4 Ru-106 3E-5   
Rhodium (Rh) 45 Rh-99m 2E-3 Rh-99 3E-4 Rh-100 2E-4 
  Rh-101m 8E-4 Rh-101 3E-4 Rh-102m 2E-4 
  Rh-102 8E-5 Rh-103m 6E-2 Rh-105 5E-4 
  Rh-106m 1E-3 Rh-107 1E-2   
Palladium (Pd) 46 Pd-100 2E-4 Pd-101 2E-3 Pd-103 1E-3 
  Pd-107 5E-3 Pd-109 3E-4   
Silver (Ag) 47 Ag-102 9E-3 Ag-103 5E-3 Ag-104m 4E-3 
  Ag-104 3E-3 Ag-105 4E-4 Ag-106m 1E-4 
  Ag-106 9E-3 Ag-108m 9E-5 Ag-110m 6E-5 
  Ag-111 2E-4 Ag-112 4E-4 Ag-115 4E-3 
Cadmium (Cd) 48 Cd-104 3E-3 Cd-107 3E-3 Cd-109 6E-5 
  Cd-113m 5E-6 Cd-113 4E-6 Cd-115m 4E-5 
  Cd-115 1E-4 Cd-117m 6E-4 Cd-117 6E-4 
Indium (In) 49 In-109 3E-3 In-110 

(69.1 min) 
2E-3 In-110  

(4.9 hr) 
7E-4 

  In-111 6E-4 In-112 2E-2 In-113m 7E-3 
  In-114m 5E-5 In-115m 2E-3 In-115 5E-6 
  In-116m 3E-3 In-117m 2E-3 In-117 8E-3 
  In-119m 7E-3     
Tin (Sn) 50 Sn-110 5E-4 Sn-111 1E-2 Sn-113 3E-4 
  Sn-117m 3E-4 Sn-119m 6E-4 Sn-121m 5E-4 
  Sn-121 8E-4 Sn-123m 7E-3 Sn-123 9E-5 
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Element N Radionuclides with monthly average concentration (µCi/ml) 
  Sn-125 6E-5 Sn-126 4E-5 Sn-127 9E-4 
  Sn-128 1E-3     
Antimony (Sb) 51 Sb-115 1E-2 Sb-116m 3E-3 Sb-116 1E-2 
  Sb-117 9E-3 Sb-118m 7E-4 Sb-119 2E-3 
  Sb-120 2E-2 Sb-120 

(5.8d) 
1E-4 Sb-122 1E-4 

  Sb-124m 3E-2 Sb-124 7E-5 Sb-125 3E-4 
  Sb-126m 9E-3 Sb-126 7E-5 Sb-127 1E-4 
  Sb-128  

(10 min) 
1E-2 Sb-128 

(9.01 hr) 
2E-4 Sb-129 4E-4 

  Sb-130 3E-3 Sb-131 2E-3   
Tellurium (Te) 52 Te-116 1E-3 Te-121m 1E-4 Te-121 4E-4 
  Te-123m 1E-4 Te-123 2E-4 Te-125m 2E-4 
  Te-127m 9E-5 Te-127 1E-3 Te-129m 7E-5 
  Te-129 4E-3 Te-131m 8E-5 Te-131 8E-4 
  Te-132 9E-5 Te-133m 9E-4 Te-133 4E-3 
  Te-134 3E-3     
Iodine (I) 53 I-120m 2E-3 I-120 1E-3 I-121 4E-3 
  I-123 1E-3 I-124 2E-5 I-125 2E-5 
  I-126 1E-5 I-128 8E-3 I-129 2E-6 
  I-130 2E-4 I-131 1E-5 I-132m 1E-3 
  I-132 1E-3 I-133 7E-5 I-134 4E-3 
  I-135 3E-4     
Cesium (Cs) 55 Cs-125 1E-2 Cs-127 9E-3 Cs-129 3E-3 
  Cs-130 1E-2 Cs-131 3E-3 Cs-132 4E-4 
  Cs-134m 2E-2 Cs-134 9E-6 Cs-135m 1E-2 
  Cs-135 1E-4 Cs-136 6E-5 Cs-137 1E-5 
  Cs-138 4E-3     
Barium (Ba) 56 Ba-126 8E-4 Ba-128 7E-5 Ba-131m 7E-2 
  Ba-131 4E-4 Ba-133m 4E-4 Ba-133 2E-4 
  Ba-135m 4E-4 Ba-139 2E-3 Ba-140 8E-5 
  Ba-141 3E-3 Ba-142 7E-3   
Lanthanum (La) 57 La-131 6E-3 La-132 4E-4 La-135 5E-3 
  La-137 2E-3 La-138 1E-4 La-140 9E-5 
  La-141 5E-4 La-142 1E-3 La-143 5E-3 
Cerium (Ce) 58 Ce-134 8E-5 Ce-135 2E-4 Ce-137m 3E-4 
  Ce-137 7E-3 Ce-139 7E-4 Ce-141 3E-4 
  Ce-143 2E-4 Ce-144 3E-5   
Praseodymium (Pr) 59 Pr-136 1E-2 Pr-137 5E-3 Pr-138m 1E-3 
  Pr-139 6E-3 Pr-142m 1E-2 Pr-142 1E-4 
  Pr-143 2E-4 Pr-144 6E-3 Pr-145 4E-4 
  Pr-147 1E-2     
Neodymium (Nd) 60 Nd-136 2E-3 Nd-138 3E-4 Nd-139m 7E-4 
  Nd-139 1E-2 Nd-141 2E-2 Nd-147 2E-4 
  Nd-149 1E-3 Nd-151 9E-3   
Promethium (Pm) 61 Pm-141 8E-3 Pm-143 7E-4 Pm-144 2E-4 
  Pm-145 1E-3 Pm-146 2E-4 Pm-147 7E-4 
  Pm-148m 1E-4 Pm-148 7E-5 Pm-149 2E-4 
  Pm-150 7E-4 Pm-151 2E-4   
Samarium (Sm) 62 Sm-141m 4E-3 Sm-141 8E-3 Sm-142 1E-3 
  Sm-145 8E-4 Sm-146 3E-6 Sm-147 4E-6 
  Sm-151 2E-3 Sm-153 3E-4 Sm-1552 1E-2 
  Sm-156 7E-4     
Europium (Eu) 63 Eu-145 2E-4 Eu-146 1E-4 Eu-147 4E-4 
  Eu-148 1E-4 Eu-149 2E-3 Eu-150 4E-4 
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Element N Radionuclides with monthly average concentration (µCi/ml) 
(12.6 h) 

  Eu-150 
(34.2 y) 

1E-4 Eu-152m 4E-4 Eu-152 1E-4 

  Eu-154 7E-5 Eu-155 5E-4 Eu-156 8E-5 
  Eu-157 3E-4 Eu-158 3E-3   
Gadolinium (Gd) 64 Gd-145 6E-3 Gd-146 2E-4 Gd-147 3E-4 
  Gd-148 3E-6 Gd-149 4E-4 Gd-151 9E-4 
  Gd-152 4E-6 Gd-153 6E-4 Gd-159 4E-4 
Terbium (Tb) 65 Tb-147 1E-3 Tb-149 7E-4 Tb-150 7E-4 
  Tb-151 5E-4 Tb-153 7E-4 Tb-154 2E-4 
  Tb-155 8E-4 Tb-156m 

(5.0 hr) 
2E-3 Tb-156m 

(24.4 hr) 
1E-3 

  Tb-156 1E-4 Tb-157 7E-3 Tb-158 2E-4 
  Tb-160 1E-4 Tb-161 3E-4   
Dysprosium (Dy) 66 Dy-155 1E-3 Dy-157 3E-3 Dy-159 2E-3 
  Dy-165 2E-3 Dy-166 1E-4   
Holmium (Ho) 67 Ho-155 6E-3 Ho-157 4E-2 Ho-159 3E-2 
  Ho-161 1E-2 Ho-162m 7E-3 Ho-162 1E-1 
  Ho-164m 1E-2 Ho-164 3E-2 Ho-166m 9E-5 
  Ho-166 1E-4 Ho-167 2E-3   
Erbium (Er) 68 Er-161 2E-3 Er-165 9E-3 Er-169 5E-4 
  Er-171 5E-4 Er-172 2E-4   
Thulium (Tm) 69 Tm-162 1E-2 Tm-166 6E-4 Tm-167 3E-4 
  Tm-170 1E-4 Tm-171 2E-3 Tm-172 1E-4 
  Tm-173 6E-4 Tm-175 1E-2   
Ytterbium (Yb) 70 Yb-162 1E-2 Yb-166 2E-4 Yb-167 4E-2 
  Yb-169 2E-4 Yb-175 4E-4 Yb-177 2E-3 
  Yb-178 2E-3     
Lutetium (Lu) 71 Lu-169 3E-4 Lu-170 2E-4 Lu-171 3E-4 
  Lu-172 1E-4 Lu-173 7E-4 Lu-174m 4E-4 
  Lu-174 7E-4 Lu-176m 1E-3 Lu-176 1E-4 
  Lu-177m 1E-4 Lu-177 4E-4 Lu-178m 8E-3 
  Lu-178 6E-3 Lu-179 9E-4   
Hafnium (Hf) 72 Hf-170 4E-4 Hf-172 2E-4 Hf-173 7E-4 
  Hf-175 4E-4 Hf-177m 3E-3 Hf-178m 3E-5 
  Hf-179m 1E-4 Hf-180m 1E-3 Hf-181 2E-4 
  Hf-182m 5E-3 Hf-182 5E-5 Hf-183 3E-3 
  Hf-184 3E-4     
Tantalum (Ta) 73 Ta-172 5E-3 Ta-173 9E-4 Ta-174 4E-3 
  Ta-175 8E-4 Ta-176 5E-4 Ta-177 2E-3 
  Ta-178 2E-3 Ta-179 3E-3 Ta-180m 3E-3 
  Ta-180 2E-4 Ta-182m 3E-2 Ta-182 1E-4 
  Ta-183 2E-4 Ta-184 3E-4 Ta-185 4E-3 
  Ta-186 1E-2     
Tungsten (W) 74 W-176 1E-3 W-177 3E-3 W-178 7E-4 
  W-179 7E-2 W-181 2E-3 W-185 4E-4 
  W-187 3E-4 W-188 7E-5   
Rhenium (Re) 75 Re-177 2E-2 Re-178 1E-2 Re-181 7E-4 
  Re-182 

(12.7 hr) 
9E-4 Re-182 

(64.0 hr) 
2E-4 Re-184m 3E-4 

  Re-184 3E-4 Re-186m 2E-4 Re-186 3E-4 
  Re-187 8E-2 Re-188m 1E-2 Re-188 2E-4 
  Re-189 4E-4     
Osmium (Os) 76 Os-180 1E-2 Os-181 2E-3 Os-182 3E-4 
  Os-185 3E-4 Os-189m 1E-2 Os-191m 2E-3 
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Element N Radionuclides with monthly average concentration (µCi/ml) 
  Os-191 3E-4 Os-193 2E-4 Os-194 8E-5 
Iridium (Ir) 77 Ir-182 6E-3 Ir-184 1E-3 Ir-185 7E-4 
  Ir-186 3E-4 Ir-187 1E-3 Ir-188 3E-4 
  Ir-189 7E-4 Ir-190m 2E-2 Ir-190 1E-4 
  Ir-192m 4E-4 Ir-192 1E-4 Ir-194m 9E-5 
  Ir-194 1E-4 Ir-195m 1E-3 Ir-195 2E-3 
Platinum (Pt) 78 Pt-186 2E-3 Pt-188 2E-4 Pt-189 1E-3 
  Pt-191 5E-4 Pt-193m 4E-4 Pt-193 6E-3 
  Pt-195m 3E-4 Pt-197m 2E-3 Pt-197 4E-4 
  Pt-199 7E-3 Pt-200 2E-4   
Gold (Au) 79 Au-193 1E-3 Au-194 4E-4 Au-195 7E-4 
  Au-198m 1E-4 Au-198 2E-4 Au-199 4E-4 
  Au-200m 2E-4 Au-200 4E-3 Au-201 1E-2 
Mercury (Hg)  80 Hg-193m 6E-4 Hg-193 3E-3 Hg-194 2E-6 
organic  Hg-195m 4E-4 Hg-195 2E-3 Hg-197m 5E-4 
  Hg-197 9E-4 Hg-199m 1E-2 Hg-203 7E-5 
Mercury (Hg)  80 Hg-193m 4E-4 Hg-193 2E-3 Hg-195 1E-4 
sulfate  Hg-195m 3E-4 Hg-195 2E-3 Hg-197m 4E-4 
  Hg-197 8E-4 Hg-199m 8E-3 Hg-203 3E-4 
Thallium (Tl) 81 Tl-194m 1E-2 Tl-194 4E-2 Tl-195 9E-3 
  Tl-197 1E-2 Tl-198m 4E-3 Tl-198 3E-3 
  Tl-199 9E-3 Tl-200 1E-3 Tl-201 2E-3 
  Tl-202 5E-4 Tl-204 2E-4   
Lead (Pb) 82 Pb-195m 8E-3 Pb-198 4E-3 Pb-199 3E-3 
  Pb-200 4E-4 Pb-201 1E-3 Pb-202m 1E-3 
  Pb-202 2E-5 Pb-203 7E-4 Pb-205 5E-4 
  Pb-209 3E-3 Pb-210 1E-7 Pb-211 2E-3 
  Pb-212 2E-5 Pb-214 1E-3   
Bismuth (Bi) 83 Bi-200 4E-3 Bi-201 2E-3 Bi-202 2E-3 
  Bi-203 3E-4 Bi-205 2E-4 Bi-206 9E-5 
  Bi-207 1E-4 Bi-210m 8E-6 Bi-210 1E-4 
  Bi-212 7E-4 Bi-213 1E-3 Bi-214 3E-3 
Polonium (Po) 84 Po-203 3E-3 Po-205 3E-3 Po-207 1E-3 
  Po-210 4E-7     
Astatine (At) 85 At-207 8E-4 At-211 2E-5   
Francium (Fr) 87 Fr-222 3E-4 Fr-223 8E-5   
Radium (Ra)  88 Ra-223 1E-6 Ra-224 2E-6 Ra-225 2E-6 
  Ra-226 6E-7 Ra-227 3E-3 Ra-228 6E-7 
Actinium (Ac) 89 Ac-224 3E-4 Ac-225 7E-6 Ac-226 2E-5 
  Ac-227 5E-8 Ac-228 3E-4   
Thorium (Th)  90 Th-226 7E-4 Th-227 2E-5 Th-228 2E-6 
  Th-229 2E-7 Th-230 1E-6 Th-231 5E-4 
  Th-232 3E-7 Th-234 5E-5   
Protactinium (Pa) 91 Pa-227 5E-4 Pa-228 2E-4 Pa-230 1E-4 
  Pa-231 6E-8 Pa-232 2E-4 Pa-233 2E-4 
  Pa-234 3E-4     
Uranium (U)  92 U-230 8E-7 U-231 6E-4 U-232 6E-7 
  U-233 3E-6 U-234 3E-6 U-235 3E-6 
  U-236 3E-6 U-237 3E-4 U-238 3E-6 
  U-239 9E-3 U-240 2E-4 U-natural 3E-6 
Neptunium (Np) 93 Np-232 2E-2 Np-233 1E-1 Np-234 3E-4 
  Np-235 3E-3 Np-236 

(1.2E5 yr) 
9E-7 Np-236 

(22.5 hr) 
5E-4 

  Np-237 2E-7 Np-238 2E-4 Np-239 2E-4 
  Np-240 3E-3     
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Element N Radionuclides with monthly average concentration (µCi/ml) 
Plutonium (Pu) 94 Pu-234 1E-3 Pu-235 1E-1 Pu-236 6E-7 
  Pu-237 2E-3 Pu-238 2E-7 Pu-239 2E-7 
  Pu-240 2E-7 Pu-241 1E-5 Pu-242 2E-7 
  Pu-243 2E-3 Pu-244 2E-7 Pu-245 3E-4 
  Pu-246 6E-5     
Americium (Am) 95 Am-237 1E-2 Am-238 5E-3 Am-239 7E-4 
  Am-240 3E-4 Am-241 2E-7 Am-242m 2E-7 
  Am-242 5E-4 Am-243 2E-7 Am-244m 1E-2 
  Am-244 4E-4 Am-245 4E-3 Am-246m 8E-3 
  Am-246 4E-3     
Curium (Cm) 96 Cm-238 2E-3 Cm-240 1E-5 Cm-241 2E-4 
  Cm-242 7E-6 Cm-243 3E-7 Cm-244 3E-7 
  Cm-245 2E-7 Cm-246 2E-7 Cm-247 2E-7 
  Cm-248 5E-8 Cm-249 7E-3 Cm-250 9E-9 
Berkelium (Bk) 97 Bk-245 3E-4 Bk-246 4E-4 Bk-247 2E-7 
  Bk-249 6E-5 Bk-250 1E-3   
Californium (Cf) 98 Cf-244 4E-3 Cf-246 5E-5 Cf-248 2E-6 
  Cf-249 2E-7 Cf-250 3E-7 Cf-251 2E-7 
  Cf-252 7E-7 Cf-253 5E-5 Cf-254 3E-7 
Einsteinium (Es) 99 Es-250 6E-3 Es-251 1E-3 Es-253 2E-5 
  Es-254m 4E-5 Es-254 2E-6   
Fermium (Fm) 100 Fm-252 6E-5 Fm-253 1E-4 Fm-254 4E-4 
  Fm-255 7E-5 Fm-257 5E-6   
Mendelevium (Md) 101 Md-257 1E-3 Md-258 6E-6   
Any single radionuclide not listed above with decay mode other than alpha emission or 
spontaneous fission and with radioactive half-life greater than 2 hours 

1E-7 

Any single radionuclide not listed above that decays by alpha emission or spontaneous 
fission, or any mixture for which either the identity or the concentration of any 
radionuclide in the mixture is not known 

2E-8 
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Table B.2. Radionuclide Concentration and Annual Activity Limits for Disposal in a Type I 
Municipal Solid Waste Facility or a Hazardous Waste Facility According to 30 TAC 
336.225(c) and 336.365 (Section 3.3) 

Radioisotope 

Concen-
tration 
Limit 

(Ci/m3) 

Annual 
Generator 

Limit 
(Ci/yr) Radioisotope 

Concen-
tration 
LImit 

(Ci/m3) 

Annual 
Generator 

Limit 
(Ci/yr) 

Fluorine-18  3E-1 8 Rhodium-106  1 30 
Sodium-24  9E-4 2E-2 Ag-110m  2E-3 5E-2 
Silicon-31  1E+2 3E+3 Cadmium-115m  2E-1 5 
Phosphorus-32  2 50 Indium-111  9E-2 2 
Phosphorus-33  10 3E+2 Indium-113m  9 2E+2 
Sulfur-35  9 2E+2 Tin-113  6E-2 2 
Argon-41  3E-1 8 Tin-119  20 5E+2 
Potassium-42  2E-2 5E-1 Antimony-124  2E-3 5E-2 
Calcium-45  4 1E+2 Iodine-123  4E-1 10 
Calcium-47  2E-2 5E-1 Iodine-125  7E-1 20 
Scandium-46   2E-3 5E-2 Iodine-131  4E-2 1 
Chromium-51  6E-1 20 Iodine-133  2E-2 5E-1 
Iron-59  5E-3 1E-1 Tellurium-129  2E-1 5 
Cobalt-57  6E-2 2 Xenon-127  8E-2 2 
Cobalt-58  1E-2 3E-1 Xenon-133  1 30 
Zinc-65  7E-3 2E-1 Barium-140  2E-3 5E-2 
Gallium-67  3E-1 8 Lanthanum-140  2E-3 5E-2 
Selenium-75  5E-2 1 Cerium-141  4E-1 10 
Bromine-82  2E-3 5E-2 Cerium-144  1E-3 3E-2 
Rubidium-86  4E-2 1 Praseodymium-143  6 2E+2 
Strontium-85  2E-2 5E-1 Neodymium-147  7E-2 2 
Strontium-89  8 2E+2 Ytterbium-169  6E-2 2 
Yttrium-90  4 1E+2 Iridium-192  1E-2 3E-1 
Yttrium-91  4E-1 10 Gold-198  3E-2 8E-1 
Zirconium-95  8E-3 2E-1 Mercury-197  8E-1 20 
Niobium-95  8E-3 2E-1 Thallium-201  4E-1 10 
Molybdenum-99  5E-2 1 Mercury-203  1E-1 3 
Technetium-99m  1 30    
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Table B.3. Concentration Limits for Exemptions for Liquid (µCi/ml) and for Solids (µCi/g) 
According to 25 TAC 289.251(e)(1) and 289.251(l)(1) (see Section 5.1) 
 
Element (Atomic Number) Isotopea Concentration Isotopea Concentration 
Antimony (51) Sb-122 3E-4 Sb-124 2E-4 
 Sb-125 1E-3   
Arsenic (33) As-73 5E-3 As-74 5E-4 
 As-76 2E-4 As-77 8E-4 
Barium (56) Ba-131 2E-3 Ba-140 3E-4 
Beryllium (4) Be-7 2E-2   
Bismuth (83) Bi-206 4E-4   
Bromine (35) Br-82 3E-3   
Cadmium (48) Cd-109 2E-3 Cd-115m 3E-4 
 Cd-115 3E-4   
Calcium (20) Ca-45 9E-5 Ca-47 5E-4 
Carbon (6) C-14 8E-3   
Cerium (58) Ce-141 9E-4 Ce-143 4E-4 
 Ce-144 1E-4   
Cesium (55) Cs-131 2E-2 Cs-134m 6E-2 
 Cs-134 9E-5   
Chlorine (17) Cl-138 4E-3   
Chromium (24) Cr-51 2E-2   
Cobalt (27) Co-57 5E–3 Co-58 1E-3 
 Co-60 5E-4   
Copper (29) Cu-64 3E-3   
Dysprosium (66) Dy-165 4E-3 Dy-166 4E-4 
Erbium (68) Er-169 9E-4 Er-171 1E-3 
Europium (63)  Eu-152b 6E-4 Eu-155 2E-3 
Fluorine (9) F-18 8E-3   
Gadolinium (64) Gd-153 2E-3 Gd-159 8E-4 
Gallium (31) Ga-72 4E-4   
Germanium (32) Ge-71 2E-2   
Gold (79) Au-196 2E-3 Au-198 5E-4 
 Au-199 2E-3   
Hafnium (72) Hf-181 7E-4   
Hydrogen (1) H-3 3E-2   
Indium (49) In-113m 1E-2 In-114m 2E-4 
Iodine (53) I-126 2E-5 I-131 2E-5 
 I-132 6E-4 I-133 7E-5 
 I-134 1E-3   
Iridium (77) Ir-190 2E-3 Ir-192 4E-4 
 Ir-194 3E-4   
Iron (26) Fe-55 8E-3 Fe-59 6E-4 
Lanthanum (57) La-140 2E-4   
Lead (82) Pb-203 4E-3   
Lutetium (71) Lu-177 1E-3   
Manganese (25) Mn-52 3E-4 Mn-54 1E-3 
 Mn-56 1E-3   
Mercury (80) Hg-197m 2E-3 Hg-197 3E-3 
 Hg-203 2E-4   
Molybdenum (42) Mo-99 2E-3   
Neodymium (60) Nd-147 6E-4 Nd-149 3E-3 
Nickel (28) Ni-65 1E-3   
Niobium (Columbium) (41) Nb-95 1E-3 Nb-97 9E-3 
Osmium (76) Os-185 7E-4 Os-191m 3E-2 
 Os-191 2E-3 Os-193 6E-4 
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Element (Atomic Number) Isotopea Concentration Isotopea Concentration 
Palladium (46) Pd-103 3E-3 Pd-109 9E-4 
Phosphorus (15) P-32 2E-4   
Platinum (78) Pt-191 1E-3 Pt-193m 1E-2 
 Pt-197m 1E-2 Pt-197 1E-3 
Polonium (84) Po-210 7E-6   
Potassium (19) K-42 3E-3   
Praseodymium Pr-142 3E-4 Pr-143 5E-4 
Promethium (61) Pm-147 2E-3 Pm-149 4E-4 
Radium (88) Ra-226 1E-7 Ra-228 3E-7 
Rhenium (75) Re-183 6E-3 Re-186 9E-4 
 Re-188 6E-4   
Rhodium (45) Rh-103m 1E-1 Rh-105 1E-3 
Rubidium (37) Rb-86 7E-4   
Ruthenium (44) Ru-97 4E-3 Ru-103 8E-4 
 Ru-105 1E-3 Ru-106 1E-4 
Samarium (62) Sm-153 8E-4   
Scandium (21) Sc-46 4E-4 Sc-47 9E-4 
 Sc-48 3E-4   
Selenium (34) Se-75 3E-3   
Silicon (14) Si-131 9E-3   
Ag (47) Ag-105 1E-3 Ag-110m 3E-4 
 Ag-111 4E-4   
Sodium (11) Na-24 2E-3   
Strontium (38) Sr-85 1E-3 Sr-89 1E-4 
 Sr-91 7E-4 Sr-92 7E-4 
Sulfur (16) S-35 6E-4   
Tantalum (73) Ta-82 4E-4   
Technetium (43) Tc-96m 1E-1 Tc-96 1E-3 
Tellurium (52) Te-125m 2E-3 Te-127m 6E-4 
 Te-127 3E-3 Te-129m 3E-4 
 Te-131m 6E-4 Te-132 3E-4 
Terbium (65) Tb-160 4E-4   
Thallium (81) Tl-200 4E-3 Tl-201 3E-3 
 Tl-202 1E-3 Tl-204 1E-3 
Thulium (69) Tm-170 5E-4 Tm-171 5E-3 
Tin (50) Sn-113 9E-4 Sn-125 2E-4 
Tungsten(Wolfram ) (74) W-181 4E-3 W-187 7E-4 
Vanadium (23) V-48 3E-4   
Ytterbium (70) Yb-175 1E-3   
Yttrium (39) Y-90 2E-4 Y-91m 3E-2 
 Y-91 3E-4 Y-92 6E-4 
 Y-93 3E-4   
Zinc (30) Zn-65 1E-3 Zn-69m 7E-4 
 Zn-69 2E-2   
Zirconium (40) Zr-95 6E-4 Zr-97 2E-4 
Beta and/or gamma emitting radioactive material not listed 
above with half-life less than 3 years 

1E-6  

a  m referes to the metastable state of that radioisotope. 
b

 
 Value for the isotope Eu-152, with a half-life of 9.2 hours. 
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Table B.4.Concentration Limits for Exemptions for Gases (µCi/ml) According to 25 TAC 
289.251(e)(1) and 289.251(l)(1) (see Section 5.1) 
 
Element (Atomic Number) Isotope Concentration Isotope Concentration 
Argon (18) Ar-37 1E-3 Ar-41 1E-7 
Bromine (35) Br-82 4E-7   
Carbon (6) C-14 1E-6   
Chlorine (17) Cl-138 9E-7   
Fluorine (9) F-18 2E-6   
Hydrogen (1) H-3 5E-6   
Iodine (53) I-126 3E-9 I-131 3E-9 
 I-132 8E-8 I-133 1E-8 
 I-134 2E-7   
Krypton (36) Kr-85m 1E-6 Kr-85 3E-6 
Sulfur (16) S-35 9E-8   
Xenon (54) Xe-131m 4E-6 Xe-133 3E-6 
 Xe-135 1E-6   
Beta and/or gamma emitting radioactive material not listed 
above with half-life less than 3 years 

1E-10  
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Table B.5.Total Activity Limits for Exemptions of Individual Quantities per Container 
According to 25 TAC 289.251(e)(2) and 289.251(l)(2) (see Section 5.2) 
Isotope µCi Isotope µCi Isotope µCi Isotope µCi 
Antimony-122 (Sb-122) 100 Sb-124 10 Sb-125 10   
Arsenic-73 (As-73) 100 As-74 10 As-76 10 As-77 100 
Barium-131 (Ba-131) 10 Ba-133 10 Ba-140 10   
Beryllium-7 (Be-7) 100       
Bismuth-210 (Bi-210) 1       
Bromine-82 (Br-82) 10       
Cadmium-109 (Cd-109) 10 Cd-115m 10 Cd-115 100   
Calcium-45 (Ca-45) 10 Ca-47 10     
Carbon-14 (C-14) 100       
Cerium-141 (Ce-141) 100 Ce-143 100 Ce-144 1   
Cesium-129 (Cs-129) 100 Cs-131 1,000 Cs-134m 100 Cs-134 1 
  Cs-135 10 Cs-136 10 Cs-137 10 
Chlorine-36 (Cl-36) 10 Cl-38 10     
Chromium-51 (Cr-51) 1,000       
Cobalt-57 (Co-57) 100 Co-58m 10 Co-58 10 Co-60 1 
Copper-64 (Cu-64) 100       
Dysprosium-165 (Dy-165) 10 Dy-166 100     
Erbium-169 (Er-169) 100 Er-171 100     
Europium-152 (Eu-152),  
9.2 hour half-life 

100 Eu-152 
13 year  

1 Eu-154 1 Eu-155 10 

Fluorine-18 (F-18) 1,000       
Gadolinium-153 (Gd-153) 10 Gd-159 100     
Gallium-67 (Ga-67) 100 Ga-72 10     
Germanium-68 (Ge-68) 10 Ge-71 100     
Gold-195 (Au-195) 10 Au-198 100 Au-199 100   
Hafnium-181 (Hf-181) 10       
Holmium-166 (Ho-166) 100       
Hydrogen-3 (H-3) 1,000       
Indium-111 (In-111) 100 In-113m 100 In-114m 10 In-115m 100 
  In-115 10     
Iodine-123 (I-123) 100 I-125 1 I-126 1 I-129 0.1 
  I-131 1 I-132 10 I-133 1 
  I-134 10 I-135 10   
Iridium-192 (Ir-192) 10 Ir-194 100     
Iron-52 (Fe-52) 10 Fe-55 100 Fe-59 10   
Krypton-85 (Kr-85) 100 Kr-87 10     
Lanthanum-140 (La-140) 10       
Lutetium-177 (Lu-177) 100       
Manganese-52 (Mn-52) 10 Mn-54 10 Mn-56 10   
Mercury-197m (Hg-197m) 100 Hg-197 100 Hg-203 10   
Molybdenum-99 (Mo-99) 100       
Neodymium-147 (Nd-147) 100 Nd-149 100     
Nickel-59 (Ni-59) 100 Ni-63 10 Ni-65 100   
Niobium-93m (Nb-93m) 10 Nb-95 10 Nb-97 10   
Osmium-185 (Os-185) 10 Os-191m 100 Os-191 100 Os-193 100 
Palladium-103 (Pd-103) 100 Pd-109 100     
Phosphorus-32 (P-32) 10       
Platinum-191 (Pt-191) 100 Pt-193m 100 Pt-193 100 Pt-197m 100 
  Pt-197 100     
Polonium-210 (Po-210) 0.1       
Potassium-42 (K-42) 10 K-43 10     
Praseodymium-142 (Pr-142) 100 Pr-143 100     
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Isotope µCi Isotope µCi Isotope µCi Isotope µCi 
Promethium-147 (Pm-147) 10 Pm-149 10     
Radon-222 (Rn-222) 100       
Rhenium-186 (Re-186) 100 Re-188 100     
Rhodium-103m (Rh-103m) 100 Rh-105 100     
Rubidium-81 (Rb-81) 10 Rb-86 10 Rb-87 10   
Ruthenium-97 (Ru-97) 100 Ru-103 10 Ru-105 10 Ru-106 1 
Samarium-151 (Sm-151) 10 Sm-153 100     
Scandium-46 (Sc-46) 10 Sc-47 100 Sc-48 10   
Selenium-75 (Se-75) 10       
Silicon-31 (Si-31) 100       
Silver-105 (Ag-105) 10 Ag-110m 1 Ag-111 100   
Sodium-22 (Na-22) 10 Na-24 10     
Strontium-85 (Sr-85) 10 Sr-87m 10 Sr-89 1 Sr-90 0.1 
  Sr-91 10 Sr-92 10   
Sulphur-35 (S-35) 100       
Tantalum-182 (Ta-182) 10       
Technetium-96 (Tc-96) 10 Tc-97m 100 Tc-97 100 Tc-99m 100 
  Tc-99 10     
Tellurium-125m (Te-125m) 10 Te-127m 10 Te-127 100 Te-

129m 
10 

  Te-129 100 Te-131m 10 Te-132 10 
Terbium-160 (Tb-160) 10       
Thallium-200 (Tl-200) 100 Tl-201 100 Tl-202 100 Tl-204 10 
Thulium-170 (Tm-170) 10 Tm-171 10     
Tin-113 (Sn-113) 10 Sn-125 10     
Tungsten-181 (W-181) 10 W-185 10 W-187 100   
Vanadium-48 (V-48) 10       
Xenon-131m (Xe-131m) 1,000 Xe-133 100 Xe-135 100   
Ytterbium-175 (Yb-175) 100       
Yttrium-87 (Y-87) 10 Y-88 10 Y-90 10 Y-91 10 
  Y-92 100 Y-93 100   
Zinc-65 (Zn-65) 10 Zn-69m 100 Zn-69 1,00

0 
  

Zirconium-93 (Zr-93) 10 Zr-95 10 Zr-97 10   
Any radioactive material not listed above other than alpha emitting radioactive material 0.1 
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APPENDIX C: RADIATION PRIMER 
Radiation is the release of energy by the nucleus of an atom to obtain a more 
stable (but still radioactive) or a stable (non-radioactive) state, which is called 
a decay. Radioactive materials are detected and analyzed by measuring the 
radiation released by the material.  

An atom consists of a nucleus in its center, containing most of the atomic mass, 
and electrons surrounding the nucleus, comprising most of the atomic volume. 
The nucleus is composed of a combination of two particles: protons and 
neutrons. Atoms with the same number of protons are of the same element. 
For example, all atoms with six protons are carbon atoms and all atoms with 
eight protons are oxygen atoms. The atomic number of an atom is the sum of 
the protons and neutrons in the nucleus. 

Atoms of the same element (same number of protons) but with different 
number of neutrons are called isotopes. Isotopes of the same element have the 
same chemical properties but the nuclei may have different radioactive 
statuses. For example, beryllium (Be), which has four protons in its nucleus, 
has several isotopes: Be-7 (3 neutrons) has a half-life of 53.28 days and emits 
a gamma ray, Be-9 (5 neutrons) is stable, and Be-10 (6 neutrons) has a half-
life of 1.5 million years and emits a beta particle. Both radioisotope and 
radionuclide are terms for an atom with a radioactive nucleus.  

A metastable isotope is an atom whose nucleus has excess energy that will 
undergo radioactive decay by emitting the excess energy to become the 
isotope with a non-energized nucleus, which may still be radioactive. For 
example, Tc-99m will undergo radioactive decay and become the radioisotope 
Tc-99. 

The excess energy released by the nucleus is either in the form of a light 
particle, also known as a photon (this is non-ionizing radiation), or an 
energized charged particle (this is ionizing radiation). Each type of radiation 
interacts with matter differently, and thus different types of detectors are 
required to detect and measure each type. The different kinds of detectors 
used to measure radiation are not discussed in this primer. The three main 
types of radiation are: 

1. A gamma ray, which is a photon emitted by the nucleus (in contrast to an x-
ray which is a photon emitted by changes in the position of the electrons 
inside an atom to a lower energy state). 

2. A beta particle, which is an electron. 
3. An alpha particle, which is a helium nucleus (two protons and two 

neutrons).  
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The lifespan of a specific radioisotope is measured by its half-life, which is the 
amount of time required for half of these radioisotopes to decay. For example: 
Cesium-137 (atomic number, 137; its nucleus has 55 protons and 82 
neutrons) has a half-life of 30 years and, in 30 years, 2 grams of Cs-137 will 
have decayed to 1 gram.  

A related concept is the decay constant, which is the probability that the 
radionuclide will decay within a specified time. The decay constant can be 
calculated using the half-life as shown in equation C.1. The decay constant of 
Cs-137 is 0.023 per year. A Cs-137 atom has a 2.3% probability of decaying in 
any year. The equation to determine how many radioactive isotopes remain 
after a period of time is shown in equation C.2 

Eqn. C.1    
2/1

)2ln(
T

=λ  

λ is the radioactive decay constant. 

ln(2) is the natural log of 2, which is equal to 0.69315 

T1/2 = half-life. 

Eqn. C.2   teNtN λ−= 0)(  

N(t) is the number of radioactive isotopes at time t. 

N0 is the initial number of radioactive isotopes (at t = 0). 

t is time. 

The activity of a radioactive material is the number of decays that happen per 
unit time and is measured in units of counts per minute, disintegrations per 
minute, becquerel (Bq, one disintegration per second), or curie (Ci, 3.7 × 1010 
disintegrations per second). The becquerel is the International System (SI) 
unit. Activity is measured by radiation detectors and can be calculated using 
equation C.3: 

Eqn. C.3 NA λ=  

A is the activity. 

N is the number of atoms. 

Radiation detectors only detect some of the radiation that enters the detector. 
Careful calibration of the instrument allows one to determine what percentage 
of radiation is detected, which is called the efficiency of the detector. The 
efficiency depends on the radiation type and its energy. Counts per minute 
(cpm) are the number of radiation particles that are detected (counted) in a 
minute. Disintegrations per minute (dpm) are the actual number of radiation 
particles emitted; dpm is calculated in equation D.4. 
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Eqn. C.4  
efficiency

cpmdpm =  

Additionally, radiation is present in the background due to naturally occurring 
radioactive materials and cosmic rays. This background radiation is not 
included in the radiation measurements to determine if a waste is at or below 
the exemption limits, unless the rule for that specific exemption stipulates that 
background be included. Therefore, a background count is typically measured 
(in an area close to the waste but at a sufficient distance so that the 
radioactivity in the waste does not affect the measurement) using the same 
radiation detector before measuring the waste sample. The background 
activity value is then subtracted from the measured activity value of the waste 
to obtain the activity value for the waste.  
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