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Report:
In this experiment we investigated the nature of Asbestos Bodies (AB) in lung tissues of two subjects

subjected to prolonged occupational exposure to asbestos. Elemental distribution maps were acquired at
14.4keV on AB deposited on porous membranes after the removal of the organic tissue by digestion with
sodium hypochlirite. Bovine liver and SRM1832-1833 from NIST where used as calibrants for accurate
elemental quantification.

Elemental quantification indicated that Fe is by @ most concentrated element (about 200x theroth
elements detected) and it is highly enriched onAfRevith respect to the surrounding organic tissued¥s2
vs. less than 0.1%, Table 2). The Fe levels founcheAB are twice higher than that measured on the ferriti
standard (~11%), but still in line with the Fe centation reported for ferritin in the literature030%wit,
[1]. The average Fe concentration detected inuhg tissue (~0.06%) is of the same order of thaasue=d

in the bovine liver standard (~0.02%). Similar amisuof Ca (0.30.4%) were detected iAB. Calcium
occurring in theAB could arise from CaPQwhich could take part in the biomineralizatiorogess, as
already proposed by Pooley [2]. High levels of €%b), originating from NaCl crystals formed duritige
digestion procedure and not fully removed by waghime samples with deionized water, were also tkdec
Copper, Zn, and As in the 60.8% range were also detected in B The presence of significant amount
of Ba found in theAB and, at lower concentration, in the lung tissuas wotally unexpected. Barium was
absent in control samples (pristine porous membr@am& porous member filtered with pure NaClO),
excluding the possibility of external contamination

A representative fluorescence map acquired at RK&M4on anAB is shown in Figure 1a. Only elements that
were found in higher concentrations on # with respect to the background (cellulose membualne
residual organic tissue) are shown. The XRF mapaisvthat the spatial distribution of Fe, Ba, Cu, and
As mimics the morphology of th&B, indicating either that those elements take pathé biomineralization
process, or that they are efficiently adsorbedhsyAB during its formation. From the figure it can alse
seen that elements such as Br and CI, originatmogn fthe original organic tissue or from sodium
hypochlorite used to digest the tissue, are unifprdistributed on the background, and are not aaset
with the AB. The distribution of the above discussed elemerds the same in all thaB examined. In
particular, Cu, Zn, and Ba appear to be distriburekigher concentrations in the inner part of A&z were
the concentration of Fe is highest.

Elemental quantification has rarely been attemmiedAB due to the difficulty of isolating a sufficient
amount of material. In addition, due to the highutthn level of important trace elements, elemental
quantification has always been performed using MF-which is a bulk technique. Another disadvantafye
ICP-MS is that it requires incineration of the angatissue and the complete dissolution of Aein strong



acids, which ca severely alter the chemistry of the samples asiroys any spatial information. Althou
not sensitive and reliable as IGFS, elemental quantification by micrc-ray fluorescence can be perforn
with little sample pre-treatmenta/hick allowed studyig the elemental concentration of sinAB avoiding
chemical treatments and retaining spatial inforargthusrevealing details essential to understand th-
mineralization process leading to the formationtte AB. Although this is the first work tempting to
determine the quantitative elemental compositiosinfjle AB, due to technical limitations discussed in
paper, the results obtained must be considered@sga estimation. Elemental quantification contdrthai
Fe is by far the most coantrated element in ttAB, and the Fe levels detected (~20%) are compatille
the presence of high Headed ferritin or hemosider Moreover, vith respect to previous works exploiti
synchrotron radiation for this subje[4] the presace and distribution of elements heavier than Re @D,
As, and Br) is reported for the first timeThe fortuitous presence of Ba in the studied samales its
distribution (together with that of Cu, Zn, and Asiggested a speculative compositionidd growth model
for the AB, which supports the presence of hemosiderin inirther part of the F-coating, while the outer
part would be mainly composed by ferritThe results were presented at an internationalecente[and a
publication is in preparation.
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Figure 1. (a) uXRF spatial distribution maps of selected elemantpired at ID18F at 14.4 keV on AB belonging to case A.
The maps clearly reveal elements not associatdd th&tAB, as is the case of Br and Cl, which are unifordibtributed in the
background, but absent on tAB. The size of the map is 130 x 1202 and the pixel size (resolution) is 2.5 x 2.02 The scale
bars indicate the intensity of the fluorescencenaly and are informative of the relative elemental comeions (b)
Concentration of Ca, Fe, and BaAB, and in the ferritin (FR) and bovine liver (Bstandards.

AB °FR °BL Table 1. Quantification of elements from K to Br and Ba, fpemed ol
K nd 0.004+0.001 0.073+0.00 AB, and on the ferritinKR) and bovine liver BL) standards at incident
Ca | 0.30£0.04 nd 0.005+0.00 photon energy of 14.4 keWhe errors represent the standard deviatior
Mn | nd nd 0.001+0.00 several measurements (up to 10). Concenns values below 0.001%
Fe | 21.9+0.3 14.6+1.2 0.018+0.00 (10ppm) were neglected. The elements appearinglthdtyle are reporte
Cu | 0.15+0.02 nd 0.021+0.00 in the histogram shown in Figure fidr easier comparisc

Zn | 0.78+0.01  0.017+0.001 0.017+0.00
As | 0.10+0.02 0.013+0.003 nd
Br | 0.85+0.04 0.080+0.002 0.002+0.00

3Horse-spleen ferritin (F7879, SignAddrich); ® Bovine liver (SRM1577b, NIST).
Ba | 0.32+0.05 nd nd

“nd” stands fomot detected or under the detection li
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