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The purpose of this chapter is to describe the analytical methods
that are available for detecting and/or measuring and monitoring radium
in environmental media and in biological samples. The intent is not to
provide an exhaustive list of analytical methods that could be used to
detect and quantify radium. Rather, the intention is to identify well
established methods that are used as the standard methods of analysis.
Many of the analytical methods used to detect radium in environmental
samples are the methods approved by federal agencies such as EPA and the
National Institute for Occupational Safety and Health (NIOSH). Other
methods presented in this chapter are those that are approved by a trade
association such as the Association of Official Analytical Chemists
(AOAC) and the American Public Health Association (APHA). Additionally,
analytical methods are included that refine previously used methods to
obtain lower detection limits and/or to improve accuracy and precision.

6.1 BIOLOGICAL MATERIALS

The presence of radium in biological materials or environmental
samples is generally determined by virtue of its radioactivity. Except
in the laboratory where radium compounds have been isolated and
determined for a certain purpose, determination of radium compounds in
biological and environmental samples is relatively rare. As a Group IIA
alkaline earth element, radium is similar in its chemical behavior to
other members of that group, especially its nearest neighbor, barium.
For example, radium tends to precipitate as the sulfate, which is the
basis for its isolation for chemical analysis by coprecipitation with
barium sulfate. Furthermore, radium associates with calcium in living
systems and accumulates in bone. The determination of radium compounds
or specific isotopes is usually accomplished by a separation procedure,
followed by quantitative analysis of total radium based on its
radioactivity.

Radium is determined in both biological and environmental samples
by the emission of ionizing radiation from its radioisotopes (alphae-
emitting radium-223, radium-224, and radium-226, as well as
beta-emitting radium-228) and from its daughter products. Gamma-ray
spectrometry of the gamma rays emitted by decay products of radium can
also be used to measure radium. One of the most important examples is
the measurement of gamma rays emitted by 

214
Bi (Davis et al. 1987).

Intermediate loss of radon gas in the decay chain can be troublesome in
this kind of measurement. One method of radium measurement in bone
collects the radioactive radon-222 gas product of the decay of radium-
226, and its radioactivity is measured and extrapolated back to the
concentration of radium-226 (Walton et al. 1959).
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A method has been developed to measure the rate of elimination of
radon in exhaled breath (Stehney et al. 1955). Based on the assumption
that 70% of the radon from fixed body radium is exhaled, this test can
be used to calculate approximate levels of the body burden of radium.
Some analytical methods for the determination of radium in
biological materials are given in Table 6-l. It is important to note
that the major contributions of these studies are descriptions of sample
preparation techniques rather than advances in alpha or gamma
spectrometry.

6.2 ENVIRONMENTAL SAMPLES

Because small amounts of radium radionuclides in environmental
samples may be regarded as hazardous, it is usually necessary to detect
very small quantities of radium which may require processing large
quantities of sample (Quinby-Hunt et al. 1986). This introduces
possibilities for contamination and sample loss. Specifically, in the
case of water samples, sorption of the radionuclide to container walls
and to suspended matter may be important sources of error.

Significant concentrations of contaminant radium may be
submicromolar. Therefore, radiochemical separations are commonly
employed that make use of a carrier, a nonradioactive element with
chemical properties similar to those of radium. For radium, barium is
the element of choice, and radium is coprecipitated from solution with
barium sulfate, BaSO4. Correction for losses in the precipitation
procedure may be made by adding a tracer consisting of an isotope of
radium not expected in the sample and noting its recovery at the end of
the analytical procedure. The isotope radium-223 can be used for this
purpose.

Radium is commonly determined in environmental samples by the
emission of alpha particles from the radium-226 radioisotope. Beta-
emitting radium-228 can also be measured. Measurement of the
radioactive radon-222 gas product of the decay of radium-226 can be used
to give the concentration of radium-226. Gamma-ray spectroscopy of
daughter radioisotopes such as 

214
Bi can also be used to determine

radium.

Because of the low penetrating power of alpha particles, special
counters are required to assay alpha activity. These include gas-filled
counters (thin window or internal, proportional counters), scintillation
counters, and semiconductor detectors. In addition, a very thin sample
is required to prevent the sample itself from absorbing alpha particles.
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A promising method has been developed for measuring radium-226
concentrations in water samples of one liter size (Whittaker 1986). All
nongaseous alpha-emitting radionuclides are coprecipitated with barium
sulfate and iron hydroxide, followed by counting alpha emissions from
the precipitate. A count at 3 hours followed by one at 7 days is used
to measure radium-226.

Some analytical methods for the determination of radium in
environmental samples are given in Table 6-2.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, directs the Administrator of ATSDR (in
consultation with the Administrator of EPA and agencies and programs of
the Public Health Service) to assess whether adequate information on the
health effects of radium is available. Where adequate information is
not available, ATSDR, in conjunction with the National Toxicology
Program (NTP), is required to assure the initiation of a program of
research designed to determine the health effects (and techniques for
developing methods to determine such health effects) of radium.

The following categories of data needs have been identified by a
joint team of scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informational needs that, if known, would reduce or
eliminate the uncertainties of human health assessment. Each data need
discussion highlights the availability, or absence, of the relevant
exposure information. A statement that reflects the importance of
identified data needs is also included. In the future, these data needs
will be evaluated and prioritized, and a substance-specific research
agenda will be proposed.

6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect. As
discussed above, the presence of radium in biological materials is
usually determined by virtue of its radioactivity. Methods available
for the determination of radioactivity in biological materials include
alpha spectroscopy and gamma spectrometry, which is more convenient, but
generally less sensitive, than alpha spectroscopy (Joshi 1987). It
would be useful to have additional data on the sensitivity and accuracy
of the methods that are currently in use.

Effects specifically associated with radium exposure have not been
identified. The development of methods for detecting biomarkers of
radium's effects would be useful.
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Methods for Determining Parent Compounds and Degradation Products
in Environmental Media. It would be useful to have data on the
sensitivity and accuracy of methods that are currently used to determine
radium in environmental media. In addition, continued development of
sensitive and accurate methods and instrumentation that would minimize
problems with background and contamination would be useful in
determining radium levels in environmental media. It would also be
useful to develop portable, compact instruments to conduct field
analyses with optimum sensitivity and accuracy.

6.3.2 On-going Studies

Refinements continue to be made in detecting radioactivity from
radium isotopes and their daughter products. These developments include
better, more sensitive detectors and more efficient data handling
systems. Substantial improvements may be anticipated in the area of
high resolution gamma spectroscopy. Research is underway to improve
sample preparation and separation to give more sensitive analysis and
better speciation. Because of the demands of cleanup programs including
Superfund II, the Formerly Utilized Sites Remedial Action Program, and
the Uranium Mill Tailings Remedial Action Program, research is underway
to increase sample output and to decrease time and costs per sample
(Donivan et al. 1987).




