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The dissolution data obtained in the flow-through and static systems are summarized in Fig-
ures 3 and 4, respectively, as fractions of undissolved activity remaining on the filter versus
elapsed time. Total gamma activity was directly determined on the filters before the samples

were subjected to dissolution. The initial total beta activities on these filters were calcu-

13

lated from the ratio of total beta counts in the Wide Beta II counter to 7CS in segment 4 and

the 137Cs count on segment 1 (flow-through system) and segment 2 (static system). The undis-

solved fractions were calculated on the basis of beta counts. The 9OSr—9O

Y activity, both ini-
tial and those in the solutions were determined radiochemically. Summation of all dissolved
radioactivites and those remaining on the filter provided estimates of initial amounts of radio-

activities within a few percent of those activities shown in Table 1.

FRACTION UNDISSOLVED

Figure 3. Dissolution of radionuclides in o L _
a flow-through system expressed as frac- © 5 10 15 20 25 30 35 40 45 %0
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Figure 4. Dissolution of radionuclides in a static

system expressed as fraction dissolved versus elapsed
time.
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Scanning electron micrographs of particles from Segment 3, which represents the original
aerosol sample, and those from Segment 1 after dissolution in the flow-through system are shown
in Figures 5 and 6, respectively. Average elemental composition of a large number of particles
from Segment 3 and 1 are shown in Table 2.

An alpha spectrum of the original aerosol is shown in Figure 7. Based on 137Cs counts, this
sample represented about 4% of the total sample. The total activity of 239Pu, 238Pu or 241Am,
and 236Pu in this sample is 0.50 dpm. On this basis, an estimate of total actinide alpha acti-

vity on the original aerosol was calculated to be 13 dpm.

Figure 6. Scanning electron micrograph of

Figure 5. Scanning electron micrographs of aerosol particles from Segment 1 of the TMI
original aerosol sample from Segment 3 of the filter after dissolution experiment in the flow-
TMI filter. Magnification 3000 X. through system. Magnification 3000 X.

Tabie 2

Elemental Composition of the TMI Aerosol Filter Sample
as Determined by Energy Dispersive X-Ray Analysis

Weight Atomic Standard
Element % (%) Deviation

Segment 3 Before Dissolution

Mg 7.2 9.6 2.9
Al 16.2 19.3 1.6
Si 27.1 31.1 1.5
S 17.3 17.4 1.1
Ca 18.0 14.4 0.93
Fe 14.3 8.2 1.0
Segment 1 After Dissolution
Al 63.8 64.8 7.9
Si 36.2 o 35.3 3.2
7
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DISCUSSION
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Analysis of the gamma spectrum (Fig. 2) indicated that 1 Cs and 13465 were the primary

gamma-emitting radionuclides on the filter. The data supplied by GPU suggested the presence of

small quantities of 140Ba, 140La and 6OCo. Since the gamma spectrum {Fig. 2) was obtained about
a month after the aerosol was collected, it was expected that no 140Ba or 140La would be ob-
served. The energy peaks at 1168 and 1365 keV, from 13465, could have been interpreted by TMI

personnel as that of 58Co and 60Co. It is noteworthy that there was no indication of any lan-

thanide isotopes, such as l44Ce, present in the sample.

134, 905, 90

The quantities and proportions of Cs, 7S 89

Y and “7Sr (Table 1) were similar to the
estimates provided by GPU. A1l data indicated that the major radionuclides were 134Cs, 137Cs,
895r and 90Sr—gOY. If there were other beta-emitting lanthanides, they would have been notice-
able during the repeated counting of the 90Y fractions obtained during the radiochemical analysis
of 90Sr—gOY. The half-time of decay of the 90Y fraction indicated no major, long-lived lanth-
anide isotopes. The observed actinide radionuclides (Fig. 7) were unexpected. Although the
alpha activity was only 13 dpm in the total aerosol sample, it is a significant observation that
there were actinide nuclides present in the aerosol. Since the physicochemical behavior of
lanthanide and actinides are similar, there may have been minute but undetectable amounts of

gamma- and beta-emitting lanthanide radionclides also present in the original aerosol.

The presence of major isotopes of alkali and alkaline earth elements, which are generally
water soluble, but not other fission products such as Ce and 91Y in detectable quantities sug-
gest that the major release mechanism was pfobab1y one of dissolution in water and then disper-
sion in the auxiliary building. In addition, the presence of the small amount of insoluble
actinide suggests other possible mechanisms of particle release as a minor contributing factor.
The elemental analysis (Table 2) suggests that the aerosol consisted of nonradioactive materials.
Comparison of the composition before and after dissolution suggests that only Al and Si were

insoluble and the other elements were present as soluble materials. The radionuclides were
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present as minor components in a heterogeneous matrix consisting of Fe, Ca, S, Mg, Al, Si and
carbonaceous material. The aluminum and silicon represented 43% of the total inorganic mass. It
Should be noted that the EDXA was incapable of determining C, 02, H2, etc. The filter sample was
black both before and after dissolution which suggested the presence of soot or other carbonac-
eous materials.

The sizes of the aerosol particles were estimated from the electron micrographs (Figs. 5 and
6). Respirable-sized particles as well as larger particles ranging up to 10 um were observed.
Although the relative number density of the particles in the electron micrograph after dissolu-
tion (Fig. 6) was less than that before dissolution (Fig. 5), there was no apparent size-
dependent, preferential dissolution of particles from the filter. Therefore, it is not possible
from our study to deduce the size distribution of the soluble fraction which contained the ra-
dionuclides. However, it is reasonable to conclude that at Teast a fraction of the radionuclides
were associated with the respirable-size particles.

The dissolution data {Figs. 3 and 4) show rapid dissolution of > 90% of all isotopes. The

Cs isotopes appear to dissolve almost entirely in both dissolution systems. Less than 2% of the
Cs isotopes could be detected on the filters after the dissolution experiments. The data show

that within 5 hours, more than 95% of the Cs isotopes dissolved in both systems. The total beta

dissolution rates were somewhat slower than the dissolution rates of the Cs isotopes. It should
893r QOSr_QOY’ 134 137CS beta

be remembered that the total beta activity was the sum of s Cs and
Y dissolution rates suggest that a slightly higher fraction, 5 to 10% of

. 905, 90

the activity, was relatively insoluble compared with Cs. This undissolved fraction of the Sr was

activities. Th

present in both dissolution systems.

The International Commission on Radiological Protection (ICRP) has grouped specific chemical
forms of radionuclides into three classes (D, W, and Y) to describe their expected patterns of
retention in different portions of the respiratory tract.8 The three classes, days (D), weeks
(W), and years (Y) describe both the expected clearance by mechanical and dissolution/absorption
pathways. These classifications have been derived for single radionuclides in known chemical
forms based on available <n vivo and Zn vitro data. However, the ICRP solubility classification
scheme does not include predictions for heterogenous mixtures such as the one present on the

sample analyzed here.

Results from the in vitro dissolution tests performed on this sample demonstrate that most
of the radionuclides present dissolved-very quickly {within 5 hr) in the SUF plus DTPA solvent.
Although an exact correspondence between in viiro and in vivo dissolution characteristics has not
been established for these radionuclides in this form and mixture, it seems reasonable to assume
that a similar rapid dissolution would occur <n vivo. Thus, based on this assumption and the
observed in vitro dissolution characteristics of the present sample, it is appropriate to eval-
uate observed air concentrations with respect to derived air concentrations (DAC) by classifying

the radionuclides as class D materials.

This study has demonstrated the applicability of the above techniques for characterizing
airborne radionuclides of unknown physical and chemical composition. The data may be useful in
determining the body burden of these radionuclides from bioassay data and helping to estimate the
dose distributions resulting from inhalation of the aerosol.
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