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aBstraCt

Inhalation of erionite has been proven to be the cause of the extended epidemic of malignant 
mesothelioma occurring in Central Anatolia, Turkey, and of cases of lung diseases in the U.S.A. Its 
carcinogenicity is three orders of magnitude greater than that of regulated asbestos. Here we report 
WKH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ�RI�WKH�VWUXFWXUDO�DQG�FU\VWDO�FKHPLFDO�PRGL¿FDWLRQV�RFFXUULQJ�LQ�HU-
LRQLWH�OHDFKHG�ZLWK�DUWL¿FLDO�O\VRVRPDO�ÀXLG��$/)��DQG�*DPEOH¶V�VROXWLRQ��$/)�OHDFKLQJ�SURGXFHV�D�
migration of Na+ ions from Ca1 to Ca2 extraframework cationic site, without the occurrence of any 
VLJQL¿FDQW�PRGL¿FDWLRQ�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�¿EHUV��,Q�FRQWUDVW��OHDFKLQJ�ZLWK�*DPEOH¶V�
solution induces a complex ionic-exchange process resulting in a temporary partial replacement of Na+ 
by Ca2+��FRPLQJ�IURP�WKH�ÀXLG��ZKLFK�LV�¿[HG�DW�D�WKLUG�&D��FDWLRQLF�VLWH��6XEVHTXHQWO\��WKH�H[FKDQJH�
process reverses. In fact, Ca2+�LV�UHPRYHG�IURP�&D��DQG�1D+ migrates back to Ca1, the structure being 
indistinguishable from the starting, unleached material. Such processes seem to be accompanied by a 
SURJUHVVLYH�DPRUSKL]DWLRQ�RI�¿EHUV��3UHVHQW�GDWD�FRXOG�SURYLGH�YDOXDEOH�EDFNJURXQG�IRU�D�PRUH�GH-
tailed comprehension of the morphostructural/biological activity relationships inducing pathogenicity.

.H\ZRUGV��(ULRQLWH�1D��PDOLJQDQW�PHVRWKHOLRPD��00���VLPXODWHG�OXQJ�IOXLGV�6/)V��OHDFKLQJ��
Rietveld method

introduCtion

Erionite is a fibrous zeolite belonging to the so-called ABC-
�� IDPLO\� �*RWWDUGL� DQG�*DOOL� ������$UPEUXVWHU� DQG�*XQWHU�
������XVXDOO\�RFFXUULQJ�LQ�YROFDQLF�DVK�DOWHUHG�E\�ZHDWKHULQJ�
processes. It is hexagonal, space group P6�/mmc, topological 
FRGH�>(5,@��%DHUORFKHU�HW�DO���������7KH�IUDPHZRUN�FRQVLVWV�RI�
FROXPQV�RI�GRXEOH�VL[�ULQJV��'�5��DOWHUQDWLQJ�ZLWK�FDQFULQLWH��H��
cages, and columns of erionite cages. In total, a unit-cell contains 
two D6R, two H, and two erionite cages. An average chemical 
formula K2�1D�&D0.5�8[Al10Si26O��@ā��+2O has been proposed 
for erionite, but owing to a relevant chemical variability, three 
different species, erionite-K, erionite-Ca, and erionite-Na are 
UHFRJQL]HG��&RRPEV�HW�DO��������

In the past few years erionite has been the object of several 
investigations because of its linking with malignant mesothe-
OLRPD��00���,Q�IDFW��LQ�YLYR�VWXGLHV�KDYH�XQDPELJXRXVO\�SURYHG�
that erionite is 500–800 times more tumorigenic than chrysotile 
DQG�FURFLGROLWH�DVEHVWRV��&RIILQ�HW�DO��������DFFRUGLQJO\�EHLQJ�
included by the International Agency for Research on Cancer 
�,$5&�� LQ� WKH�*URXS���+XPDQ�&DUFLQRJHQ� OLVW� �,$5&�������
�������7KH�KLJK� UDWH� RI�00�RFFXUULQJ� LQ� VHYHUDO� YLOODJHV� RI�
&HQWUDO�$QDWROLD��7XUNH\��KDV�EHHQ�XQHTXLYRFDOO\�UHODWHG�WR�HU-

LRQLWH�ILEHUV�LQKDODWLRQ�LQ�WKH�ODWH�����V�E\�%DULV�DQG�FR�ZRUNHUV�
�%DULV�HW�DO��������$UWYLQOL�DQG�%DULV��������)RU�D�IHZ�\HDUV�WKLV�
environmental problem has been considered as locally circum-
VFULEHG��XQWLO�LQ������WKH�ILUVW�1RUWK�$PHULFDQ�FDVH�RI�HULRQLWH�
UHODWHG�OXQJ�GLVHDVH�ZDV�LGHQWLILHG�LQ�8WDK��5RP�HW�DO��������DQG�
VHYHUDO�RWKHUV�ZHUH�VXEVHTXHQWO\�UHSRUWHG��,OJUHQ�HW�DO������D��
����E���6LQFH�������WKH�FRQFHUQ�ZLWK�WKH�FDUFLQRJHQLF�SRWHQWLDO�
of erionite started to capture the public interest in the U.S.A. 
RZLQJ�WR�WKH�IDFW�WKDW��VLQFH�����V��JUDYHO�SLWV�ZHUH�H[FDYDWHG�LQ�
DUHDV�ZLWKLQ�WKH�8�6�$��FRQWDLQLQJ�HULRQLWH��6KHSSDUG��������DV�
North Dakota, and the gravel used as building materials. Epide-
miological studies revealed a correlation between occupational 
H[SRVXUHV� WR� HULRQLWH� ILEHUV� DQG� OXQJ�GLVHDVHV� �1''+�������
5\DQ�HW�DO���������%LRORJLFDO�DFWLYLW\�RI�HULRQLWH�VDPSOHV�IURP�
GLIIHUHQW�ORFDOLWLHV�KDV�EHHQ�GHPRQVWUDWHG�WR�EH�VLPLODU��&DUERQH�
HW�DO���������+XPDQ�PHVRWKHOLDO��+0��FHOOV�H[SRVHG�WR�HULRQLWH�
UHOHDVH�KLJK�PRELOLW\�JURXS�ER[����+0*%���DQG�VHFUHWH�WXPRU�
necrosis factor-D� �71)�D��� VLPLODUO\� WR� DVEHVWRV� �<DQJ� HW� DO��
�������������%HVLGHV��LWV�WR[LFLW\�KDV�EHHQ�SDUWO\�DVFULEHG�WR�WKH�
effect of ion-exchanged iron, imbibed after inhalation, arising 
IURP�SURWHLQ�LQMXU\��&DUU�DQG�)UHL��������7KHUHIRUH��LURQ�PD\�
participate to Fenton chemistry eventually generating reactive 
R[\JHQ�VSHFLHV��526��SRVVLEO\�LQGXFLQJ�'1$�GDPDJH��+DUG\�
DQG�$XVW�������(ERUQ�DQG�$XVW��������7KH�FKHPLFDO�DQDO\VHV�RI�
several erionite samples revealed the presence of iron, although 
WKLV�]HROLWH�LV�D�QRPLQDOO\�)H�IUHH�SKDVH��(EHUO\�������'RJDQ�HW�
DO���������+RZHYHU��LW�KDV�EHHQ�VKRZQ�WKDW�LURQ�ZDV�ORFDWHG�DW�
WKH�]HROLWH�VXUIDFH�DV�LURQ�R[LGH�QDQRSDUWLFOHV��%DOOLUDQR�HW�DO��
������RU�DV�D�WKLQ�FRDWLQJ�RI�LURQ�EHDULQJ�VLOLFDWHV��&DPHWWL�HW�DO��
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