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Abstract

The regulation of public exposures to technologically enhanced naturally occurring
radioactive materials (TENORM) by the U.S. Environmental Protection Agency (EPA) and
other regulatory and advisory organizations is the subject of a report released early this year by
the National Research Council. Some organizations have developed guidelines for TENORM
in soil based on concentration limits in current EPA guidelines for cleanup of soil
contaminated with 226Ra at uranium mill tailings sites. A conclusion of the National Research
Council report is that the transferability of standards developed for a specific class of
TENORM is limited to the extent that the physical and chemical properties of the TENORM
being considered, as well as projected exposure pathways, are similar to those considered for
uranium mill tailings. The radon emanation coefficient and teachability of 226Ra for
TENORMs can vary over a considerable range, thus influencing the inhalation and ingestion
pathways of radiation exposure.

Background

An evaluation of guidelines for exposures to technologically enhanced naturally occurring
radioactive materials (TENORM) was recently completed by a committee convened by the
Board on Radiation Effects Research of the National Research Council [1]. The discussion
below derives from the author's participation on that committee. TENORM spans a wide
spectrum of raw materials and products destined for use, recycling, or disposal. Sources of
TENORM include: uranium mining overburden, phosphate fertilizer and elemental
phosphorous production wastes, residues of coal combustion, oil and natural gas production
and processing wastes, municipal water treatment sludges, metal mining and processing
wastes, metal casting materials, and residual materials from former radium processing or
manufacturing sites.

A 226Ra concentration in soil of 5 pCi/g (0.2 Bq/g) appears frequently in Federal and State
regulations dealing with TENORM disposal or site cleanup in the US. This value derives
from standard setting during the early 1980's (U.S. Code Of Federal Regulations, 40 CFR
192) associated with the Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA).
UMTRCA governs remedial action for uranium mill tailings disposal sites and discontinued
uranium milling facilities. This law covers (1) the disposal of the impounded tailings and
other wastes associated with the extraction of uranium and thorium, and (2) the dispersed
tailings and associated wastes that have contaminated surrounding land, buildings, and soil.
The impounded tailings, classed as byproduct materials under the Atomic Energy Act, are
typically of much higher activity concentration [about 300 - 1000 pCi/g (11 - 37 Bq/g)] than
the contaminated soils in the latter group, and are intended to be maintained in perpetuity
under Federal or State control. Diffuse TENORM typically has an activity concentration
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similar to that seen in the soils contaminated by dispersed tailings. The UMTRCA regulation
addressing these soils (hereafter referred to as the "soil radium cleanup standard") calls for the
concentration of 226Ra in remediated sites to not exceed background levels by more than 5
pCi/g (0.2 Bq/g) in the uppermost 15 cm of soil, nor more than 15 pCi/g (0.6 Bq/g) in
subsurface layers.

Alternative cleanup standards for contaminated sites covered by 40 CFR 192 that were
considered by EPA during the drafting of these regulations would have allowed for an average

Ra concentration of 5, 15, or 30 pCi/g at all depths in the soil. [30 pCi/g is the present
cleanup standard in some state regulations]. Under a conservative external exposure model,
i.e., one that assumes continuous exposure to an infinite quantity of material, a 226Ra
concentration in soil of 30 pCi/g resulted in an estimated dose of 4.7 mSv (470 mrem) per
year to the maximally exposed individual, close to the Federal Radiation Protection Guidance
for exposure of the general public from all sources combined that was then set at 5 mSv (500
mrem) per year [2].

The Nuclear Regulatory Commission (NRC) has applied this soil radium cleanup standard to
the decommissioning of active, NRC-licensed uranium mills (10 CFR 40; Appendix A).
Examples of the regulatory extension of the soil radium cleanup standard to waste materials
other than uranium mill tailings can be seen in other remedial programs managed by
Department of Energy (DOE) and EPA. DOE guidelines for soil cleanup at Formerly Utilized
Sites Remedial Action Program (FUSRAP) sites use this soil radium standard (DOE, 1997).
EPA is using the standard from 40 CFR 192 as an ARAR (Applicable or Relevant and
Appropriate Requirement) in establishing cleanup levels for Superfund sites with 226Ra
contamination, as opposed to the general, dose-based, cleanup guidance of 0.15 mSv per year
[3]. Finally, and of considerable practical importance to regulation of TENORM in the U.S.,
the standard, and variations on that standard, form the basis of many existing and proposed
State regulations dealing with TENORM.

The soil radium cleanup standard has been extended broadly to encompass soil contamination
from other uranium- and thorium-series radionuclides. For example, the dose associated with
the soil radium cleanup standard is being considered by the NRC as a "benchmark" for the
cleanup of other radionuclides in connection with license termination at uranium and thorium
mills, and in-situ leach (specifically, uranium solution extraction) facilities [4]. A 1993
memorandum from the Director of the EPA's Office of Radiation and Indoor Air regarding
the application of the 40 CFR 192 soil radium cleanup standard to soils at a New Jersey
FUSRAP site (and other non-UMTRCA sites) notes that the concentration criterion for
surface soil was developed for the UMTRCA sites, and that one would have to determine
whether the risk scenarios at this FUSRAP site were sufficiently similar to those in UMTRCA
to warrant the use of this health-based standard [5]. This concern also applies to the non-fuel
cycle TENORM.

The scientific validity of applying the soil radium cleanup standard to TENORM wastes
outside the nuclear fuel cycle, including industrial materials that are not classified as wastes,
depends upon the degree of similarity that such materials exhibit to the UMTRCA materials
for which the standard was derived. Yet many non-fuel cycle TENORMs have initial
mineralogies and processing histories different from uranium mill tailings. This results in
materials in which the radionuclides may have different solubilities, bioavailabilities, and
radon emanation coefficients than do uranium mill tailings.
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Leachability

The leachability of radionuclides from TENORM may vary widely. For example, radium
occurring as a coprecipitate in a barite (BaSO4) matrix, as in some oil production pipe scales,
may show very limited release to contacting natural waters, due to the low solubility of barite.
In contrast, the radium in wastes from the wet-process phosphate industry occurs in a gypsum
matrix ("phosphogypsum"), a relatively soluble material. Studies on the Mississippi River and
the Rhine estuary have shown that where phosphogypsum is discharged to fresh or brackish
waters, the gypsum dissolves rapidly, releasing the radium which either remains in solution or
sorbs onto suspended sediment [10, 11].

Chlorination is a process in which ores are with treated with chlorine gas and then water, to
recover soluble, metallic chloride salts. The process is used extensively with gold ores. At a
plant in Oregon, chlorination of zircon-bearing sands was used to extract zirconium,
columbium, tantalum and hafnium. The process rendered radium, as well as these economic-
metals water soluble. The finely ground, process tailings contained about 18.5 Bq/g (500
pCi/g) of 226 Ra, most occurring presumably as soluble RaCl2 . Seepage water at this tailings
disposal site contained up to 1670 Bq/L (45,000 pCi / L) [12, 13]. Similarly, hydrochloric-acid
treated carnotite residues may exist in soils from former radium processing or manufacturing
sites [14]. The solubility of radium here would be expected to be greater than in the
UMTRCA materials, where similar ores were treated with sulfuric acid or sodium carbonate.

Radon Emanation Coefficient

The radon emanation coefficient is the fraction of the radon produced in a radium-bearing
solid that escapes to the surrounding atmosphere. The thermal process involves heating the
phosphate rock to about 1300°C to yield an elemental phosphorous product and a CaSiC>3
vitreous slag waste containing about 0.74 - 1.85 Bq/g (20 - 50 pCi/g) of 226 Ra. A low radon
emanation coefficient from this glassy material limits the radon exposure pathway. Radon
emanation from coal combustion ash is a possible exposure pathway from both ash disposal
pile and from use of fly ash as a concrete aggregate. The low radon emanation coefficients of
glassy materials such as coal ash and phosphate slag mitigate exposures. While data is not
presently known to exist for water treatment residues such as ferric hydroxide-bearing sludges
and manganese-oxide coated polymers, extrapolation from related materials suggests that
these may exhibit relatively high radon emanation coefficients.

Zircon-bearing sands used in the metal casting industry are an example in which both
leachability and radon emanation coefficients play a role in radiation exposure. The common
occurrence of zircons as detrital minerals in river and beach sands is due to this mineral's high
resistance to mechanical and chemical weathering. Leaching of radionuclides from zircons is
low [6]. In contrast, radium and other radionuclides in uranium mill tailings may be quite
leachable; e.g., up to 40% of the 226Ra content of an acid-processed, uranium mill tailings
sample may be released by a 1-hour extraction with distilled water at room temperature and a
0.01% solid/solution ratio [7]. While uranium mill tailings tend to have radon emanation
coefficients of about 10 - 40 %, the values for zircons tend to be less than 5 % [8, 9]. Thus,
because of significantly lower leaching and radon emanation exhibited by zircon sands, the
environmental mobility of radionuclides from these materials is much lower than for uranium
mill tailings. As a result, the potential for internal radiation exposure from a zircon source
(e.g., leaching of radionuclides into ground water, and emanation of radon to the atmosphere)
is considerably lower than for UMTRCA materials. TENORM soil cleanup standards in some
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states in the U.S. have included an allowance for higher 226Ra concentrations when the
contaminant materials displays low radon flux rates (typically below 20 pCi {0.7 Bq} per
square meter of soil per second) [15].
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