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Abstract: Malignant mesothelioma is a highly fatal cancer of the visceral and parietal pleura most often caused 
by asbestos exposure. However, studies over the past thirty-five to forty years have shown that a fibrous zeolite 
mineral found in the soil, erionite, is a strong causative agent of malignant mesothelioma as well. Cases of erionite-
associated pleural mesothelioma have been widely reported in Turkey, but only one case has been documented in 
North America. Here we report a new North American case of epithelial malignant pleural mesothelioma in a vehicle 
repairman who was raised on a farm in the Mexican Volcanic Belt region. The complexities of the case highlight the 
importance of objective lung digestion studies to uncover the causative agents of mesotheliomas. It also highlights 
a need for increased environmental precautions and medical vigilance for mesotheliomas in erionite-rich regions of 
the United States and Mexico.
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Introduction

Mesothelioma is a rare yet aggressive cancer 
of the mesothelial cells of the serous mem-
branes of the pleural, pericardial, and perito-
neal cavities, and less often, the tunica vagina-
lis testis. Exposure to amphibole asbestos is 
the most common cause of malignant pleural 
mesothelioma. Mesotheliomas caused by ex- 
posure to asbestos typically have a latency 
period of about 20-50 years [1]. In addition to 
asbestos, recent studies have highlighted the 
role of another cause of mesotheliomas: the 
fibrous form of the mineral erionite. Erionite is a 
zeolite mineral found mostly in volcanic regions. 
Some of the highest concentrations of this fiber 
can be found in the Intermountain West of the 
United States, extending from Oregon and into 
Mexico and the Sierra Madre Occidental region 
[2, 3]. 

Early studies in rodents demonstrated that 
erionite was a potent carcinogen and was 200 
times more pathologic than crocidolite asbes-

tos in causing mesotheliomas [4, 5]. Meso- 
thelioma resulting from erionite exposure was 
first recognized in Turkey, where large clusters 
of people in the Cappadocia region presented 
with pleural mesotheliomas [6, 7]. Subsequent 
studies found that erionite from the soil was the 
cause of these malignant mesotheliomas in 
Turkey [8]. 

Recently, several studies have suggested that 
there are higher than normal rates of mesothe-
lioma in certain areas of the Intermountain 
West and Mexico [2, 9-13]. One study has  
also provided epidemiological evidence for 
increased rates of mesothelioma in Tierra 
Blanca de Abajo in San Miguel de Allende, 
Guanajuato, Mexico [14]. Many of these cases 
have been among people who have had little to 
no occupational exposure to asbestos. In 2008, 
Kliment et al. reported the first case of an  
erionite-associated malignant mesothelioma in 
North America [15]. The individual in that report 
was raised in Villa Guerrero, Jalisco, Mexico, 
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suggesting that there may be a potential risk 
for environmental exposure to this mineral in 
this region (Figure 1). Furthermore, high am- 

ounts of airborne erionite were found in North 
Dakota after hundreds of miles of roads were 
surfaced with erionite-containing gravel [16]. 

Figure 1. Summary of Mexican malignant mesothelioma reports. A. Map of the Mexican Volcanic Belt region show-
ing the proximity of areas with known cases of erionite-associated mesothelioma (1, 3) or elevated mesothelioma 
rates (2, 4). Key: 1) Villa Guerrero, Jalisco [15]; 2) Los Sabinos, Valley of Jalpa, Zacatecas; [2] 3) Jalostotitlán, Jalisco 
(current case); 4) San Miguel de Allende, Guanajuato [14]. B. Geological map of specific region of interest, boxed in 
map 1A. Information obtained from reference [17].
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Erionite, therefore, may pose a significant pub-
lic health risk in multiple regions of North 
America. 

Here, we report a second case of erionite-asso-
ciated epithelial malignant pleural mesothelio-
ma in North America and identify the probable 
exposure source in soil from the farm in Mexico 
on which the patient was raised. 

Materials and methods 

Case history

This case involved a 53-year-old male with a 
diagnosis of epithelial malignant pleural meso-
thelioma. The patient was raised on his family’s 
farm that was located just east of the city of 
Jalostotitlán, Jalisco, Mexico until he moved to 
the United States as a young adult. Jalostotitlán 
is in the Mexican Volcanic Belt and the surface 
geology specific to this area is described as 
rhyolitic tuff that was deposited during the late 
Oligocene through the early Miocene [17]. 
Other occurrences of erionite in similar aged 
rhyolitic tuffs have been documented farther 
east in the state of Guanajuato in central 

Mexico [18]. As a child, the patient actively 
helped on the farm, digging holes for fences, 
tilling land for the planting of beans and corn, 
and using water from the well. From 1980 
through 2000, he worked as a vehicle repair-
man in California and may have worked with 
asbestos-containing friction materials. The 
man’s father, a farmer in Mexico, died of a  
pleural mesothelioma (as per his death certifi-
cate) at the age of sixty-one and had no known 
history of asbestos exposure.

Gross pathology and histological lung tissue 
analysis 

At the time of diagnosis, a left pleurectomy and 
decortication was performed on the patient 
along with a partial resection of the diaphragm. 
Tissue sections from the pleurectomy speci-
men were stained for various markers of meso-
thelioma and other cancers.

Lung digest and fiber analysis

Paraffin blocks containing pieces of the left 
lower lobe of the lung that was resected at the 
time of pleurectomy were deparaffinized in 

Table 1. Summary of samples collected and analyzed from the patient’s homestead in Jalostotilán, 
Mexico

Site Description PLM Results XRD Results for 
Erionite (%)

1 Northern room adobe brick No erionite detected No erionite detected

1 Northern room white wash No erionite detected No erionite detected

1 Northern room mortar used between the adobe No erionite detected No erionite detected

1 Middle room white wash No erionite detected No erionite detected

1 Tuffaceous material used in wall, southern most room (granary) No erionite detected No erionite detected

1 Tuffaceous material used in wall, southern most room (granary) No erionite detected No erionite detected

1 White wash, southern most room No erionite detected No erionite detected

2 Tuff material, friable Confirmed erionite nII < 1.480; + elongation 0.94

3 Tuff material, friable Confirmed erionite nII < 1.480; + elongation 0.55

4 Soil material from cornfield Confirmed erionite nII < 1.480; + elongation < Detection Limit

4 Tuff underlying cornfield only 4-6 inches down Confirmed erionite nII < 1.480; + elongation < Detection Limit

5 Fine grained tuff material No erionite detected No erionite detected

5 Coarse grained tuff material No erionite detected No erionite detected

5 Coarse tuff with slight pink coloration No erionite detected No erionite detected

6 Standing water in a stream cutting through the tuff N/A N/A

7 Road cut No erionite detected No erionite detected

8 Picked out clasts of vitric materials No erionite detected No erionite detected

8 Tuff bulk sample No erionite detected No erionite detected

8 Tuff bulk sample No erionite detected No erionite detected

8 Vitreous clasts No erionite detected No erionite detected
PLM - polarized light microscopy. XRD: x-ray powder diffraction. Samples were collected from eight sites around the family homestead in Mexico: 1) the family home 
made of adobe brick, 2) an outcrop of rhyolitic tuff on a trail near the house, 3) a well on the property, 4) soil and tuff from the cornfields, 5) exposed rhyolitic tuff near 
a stream, 6) a standing pool of water at the stream, 7) a road that cut through the homestead, and 8) an active quarry near the farm. Erionite was found by PLM in 
samples from sites two, three, and four and levels were quantified by XRD for samples from sites two and three.
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xylene and rehydrated to 95% ethanol. The  
final wet weight of lung tissue not involved with 
tumor was 0.181 g. This tissue was digested 
using the sodium hypochlorite method as previ-
ously described [19]. For analysis, the residue 
was placed on a 0.4 micron pore size Nuclepore 
filter, and the filter was cut in two. One half of 
the filter was mounted on a glass slide for 
asbestos body quantification by light microsco-
py at 200× magnification. The other half  
was mounted on a carbon disc with colloidal 
graphite and sputter coated with platinum for 
fiber analysis by scanning electron microscopy 
(SEM) and energy dispersive x-ray analysis 
(EDXA).

Environmental fiber analysis 

Rock, soil, and building material samples were 
collected from the patient’s family homestead 
in Jalostotitlán, Jalisco, Mexico, about 100 km 
northeast of Guadalajara and 400 km north-
west of Mexico City (21° 10’ 45” N and 102° 
26’ 44” W) (Figure 1). Samples were gathered 
from eight sites around the homestead (sum-
marized in Table 1): 1) the family home made of 
adobe brick, 2) an outcrop of rhyolitic tuff on a 
trail near the house, 3) a well on the property, 
4) soil and tuff from the cornfields, 5) exposed 
rhyolitic tuff near a stream, 6) a standing pool 
of water at the stream, 7) a road that cut 
through the homestead, and 8) an active quar-
ry near the farm. 

The rock samples were first analyzed by polar-
ized light microscopy (PLM). Each non-aqueous 
sample was ground in mortar and pestle and 
mounted on glass slides using a 1.480 refrac-
tive index liquid (erionite has a refractive index 
of α = 1.468 and γ = 1.480 [20]).

To confirm the PLM results, bulk samples were 
also analyzed using x-ray powder diffraction 
(XRD). Using XRD, a unique erionite peak may 
be seen in the range of 7.6 - 7.8 °2θ with a 
detection limit of 0.1% (there must be more 
than 0.1 percent by weight to see a definitive 
peak in this range). Two scans were carried out 
for each sample: 1) a scan from 4 - 64 °2θ and 
2) a scan from 6 - 12 °2θ. Quantification of 
erionite in samples from sites two and three 
was carried out by spiking in known concentra-
tions of erionite from Rome, Oregon and creat-
ing a calibration curve as previously described 
[21].

Erionite fibers from sites two and three were 
examined using SEM and transmission elec-
tron microscopy (TEM). TEM was also carried 
out on water samples from site six that could 
not be examined using the above-described 
methods. TEM was performed at the University 
of Idaho on a JEOL JEM 2010 TEM using a dou-
ble tilt stage, and EDXA was performed using a 
Thermo Scientific detector coupled with NSS 
software. Samples were run at an accelerating 
voltage of 200 kV. Sample preparation tech-
niques were modeled after the Jaffe-Wick 
method [22]. Briefly, samples were crushed 
with an agate mortar and pestle, diluted, and 
sonicated before being placed onto a 0.2 μm 
PCE filter and dried thoroughly. The sample was 
then carbon coated, and a 5 mm by 5 mm 
square was cut and mounted on a copper TEM 
grid for analysis.

Results 

Pathology and histology 

Grossly, extensive nodular tumor was found to 
involve the patient’s diaphragm, pericardium, 
and visceral pleura (Figure 2A). Histologic sec-
tions from the surgery showed an invasive epi-
thelial tumor involving all of these components 
with invasion into the lung parenchyma (Figure 
2B, 2C). Tumor from left lung tissue stained 
positive for calretinin in the nucleus and cyto-
plasm (Figure 2D), positive for cytokeratin 5/6 
(Figure 2E), and positive for D2-40 in a mem-
branous distribution (not illustrated). The tumor 
also displayed patchy nuclear staining for Wilms 
tumor 1 (WT1) (Figure 2F). The tumor was nega-
tive for CD15, carcinoembryonic antigen (CEA), 
prostate-specific antigen (PSA), Ber-EP4, and 
B72.3. This staining pattern is consistent with 
that of an epithelial mesothelioma [1].

Lung fiber analysis

No asbestos bodies were identified upon exam-
ination of an entire half filter of digested lung 
residue by light microscopy. This finding is 
equivalent to fewer than 7.7 asbestos bodies 
per gram of wet lung tissue, which is within the 
normal range of 0-20 asbestos bodies per 
gram [19].

By SEM, no asbestos bodies were identified in 
100 consecutive fields (1000× magnification). 
There were 53,700 uncoated fibers per gram of 
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wet lung tissue. Twenty consecutive uncoated 
fibers were examined by EDXA, eighteen of 
which were aluminum silicates and two of which 
were sodium magnesium aluminum iron sili-
cates (Figure 3A and 3B). No asbestos fibers 
were found. The morphology and composition 
of the fibers are most consistent with erionite 
(fibrous zeolite). 

Environmental fiber analysis 

Fibrous erionite was detected in samples from 
sites two, three, and four (Table 1). These three 
locations were at elevations ranging from 1,768 
to 1,771 meters above sea level. The other 
sampled tuffs were at lower elevations and 
were found to contain no evidence of zeolite 

Figure 2. Gross pathology and histological analysis of tumor tissue shows malignant pleural epithelial mesothelio-
ma. A. Pleurectomy specimen showing numerous neoplastic nodules ranging in size from 0.3 cm to 2.5 cm. B. Low 
power magnification of nodular lesions embedded within the parietal pleura (H&E 6.25×). C. High power magnifica-
tion of epithelioid cells admixed with necrosis and scattered chronic inflammatory cells (H&E 200×). D. Calretinin 
stain highlighting the neoplastic cells (200×). E. Strong immunoreactivity against CK5/6 (200×). F. Patchy nuclear 
staining with WT1 stain (200×).
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formation. Sites two and three had the highest 
concentration of fibers. These fibers were the 
ones that could be observed by both PLM 
(Figure 4A and 4B) and XRD (Figure 4C). After 
calibration was performed with erionite from 
Rome, Oregon, the samples from sites two and 
three were found to contain 0.9 percent and 
0.5 percent erionite, respectively by quantita-
tive powder XRD. Though fibers from site four 
were observed using PLM, they were below the 
detection limit for XRD. 

SEM analysis of in situ erionite from samples 
from sites two and three illustrates that erionite 
fibers form primarily in cavities from the rhyo-
litic tuff (Figure 5A and 5B). The rhyolitic tuff 
from sites two, three, and four was found to be 

increased rates of mesotheliomas in mechan-
ics [23-28]. However, other investigations have 
shown that carrying out lung digestion studies 
in these cases can uncover other likely causes 
of mesothelioma. For example, in one study, 
half of the lung digestion studies from workers 
exposed to friction products showed elevated 
levels of commercial amphiboles in their lung 
tissue [29]. As friction products do not contain 
commercial amphiboles, these findings indi-
cate that these individuals were exposed to 
asbestos from another product or source. Here 
we demonstrate the discovery of erionite fibers 
as a likely cause of this patient’s malignant 
mesothelioma since no asbestos fibers in 
excess of background were found in this 
patient’s lung. 

Figure 3. Lung digestion fiber analysis reveals fibrous erionite in patient’s 
lung tissue. A. Secondary electron image of erionite fiber recovered from the 
patient’s lung tissue. The pores on the Nuclepore filter in the background 
have a diameter of 0.4 μm. Magnified 4000×. B. Energy dispersive spec-
trum from erionite fiber, showing peaks for aluminum and silicon. There is a 
suggestion of smaller peaks for sodium and iron. Platinum peaks are from 
sputter-coating the sample for imaging purposes. 

friable. TEM analysis revealed 
fibers that were 1 μm or thin-
ner and had lengths from 5 - 
20 μm. (Figure 6A) The iden-
tity of the fibers as erionite 
was confirmed with the 
selected area electron dif-
fraction (SAED) patterns of 
representative fibers (Figure 
6B).

Discussion

This report describes a case 
of erionite-associated malig-
nant pleural epithelial meso-
thelioma, proven by lung 
digestion studies and fiber 
composition analysis. A de- 
tailed analysis of the environ-
mental exposure source is 
also presented: rock, soil, 
and building material sam-
ples from the patient’s child-
hood family farm that reveal 
erionite deposits in the soil.

This case first came to our 
attention as a medical-legal 
consultation that was seek-
ing to determine if there was 
any evidence of occupational 
asbestos exposure in the 
patient. The patient was re- 
ported to have worked around 
asbestos-containing friction 
materials for many years as a 
repairman, yet epidemiologi-
cal studies have shown no 
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It is important to note that when attributing 
causation of a mesothelioma to prior asbestos 
exposure, the most often cited criteria are  
the “Helsinki Criteria” [30]. The Helsinki Criteria 
for asbestos-related disease diagnosis high-
light the importance of pathological studies 
such as lung fiber counts, autopsy findings, and 
histological tissue analysis to identify mesothe-
liomas caused by asbestos exposure [30]. 

However, the criteria also state that, “In the 
absence of such markers, a history of signifi-
cant occupational, domestic, or environmental 
exposure to asbestos will suffice for attribu-
tion”. This is often misconstrued to mean that 
without pathological evidence of asbestos-
associated disease (that is, the studies were 
carried out and no asbestos-associated pathol-
ogy was seen), any exposure history to asbes-

Figure 4. Polarized light microscopy (PLM) and x-ray powder diffraction (XRD) of soil samples from Mexico (sites two 
and three) show presence of zeolite. (A) PLM image of friable tuff material in plane polarized light from site two and 
(B) site three. (C) Long (blue) and short (red) XRD scan of friable tuff material from site two. The arrow points to the 
location of the primary zeolite peak. 
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tos, no matter how small, is sufficient to link the 
mesothelioma to asbestos. As this case dem-

that the United States may have the largest 
deposits of erionite in the world [31]. Therefore, 

Figure 5. Scanning electron microscopy images of erionite in soil samples 
from Mexico. (A and B) are two SEM images of the site two friable tuff mate-
rial that was analyzed in Figure 4.

onstrates, this is not always 
accurate. As such, this case 
highlights the importance of 
lung tissue fiber analysis. 
Tissue digestion studies are 
the most objective and accu-
rate way to identify the caus-
ative agent in cases of meso-
thelioma and should be the 
primary method for determin-
ing causation in these cases 
when lung tissue is available. 
Because mesothelioma has  
a poor prognosis and most 
patients unfortunately die 
from their cancer, identifying 
the causative agent does not 
play an important role in 
terms of diagnosis and treat-
ment. However, since many of 
these cases involve posthu-
mous legal action, lung aut- 
opsy samples may be collect-
ed and saved for the more 
objective digestion studies 
and definitive diagnosis. This 
could have important implica-
tions not only for legal dis-
putes, but also for the health 
of surviving family members 
and the larger community. 
This patient’s father also died 
of pleural mesothelioma (as 
noted on his death certifi-
cate), raising the possibility 
that both the father and son’s 
mesotheliomas were due to 
erionite exposure at the family 
farm. This region of Mexico 
has also been found to have 
elevated rates of mesothelio-
ma with no obvious asbestos 
industry [2, 14]. Thus, diges-
tion studies can be useful to 
determine potential risks of 
exposure so that further 
actions can be taken to 
reduce the risks to others. 

Erionite is found in a wide-
spread region of North Ameri- 
ca and it has been postulated 
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as the population expands into more rural 
areas of the west and Rocky Mountain region, 

care should be taken to limit disturbance of 
erionite fibers from the soil. Healthcare profes-

Figure 6. Transmission electron microscopy analysis of Mexican soil samples confirms identity of erionite fibers in 
the soil. A. TEM SAED image of Mexican erionite (scale = 500 nm). B. Indexed diffraction pattern taken along the 
130-zone axis. Yellow dots indicate indexed pattern. Black dots indicate actual diffraction pattern. C. EDXA highlight-
ing major elemental composition of the Mexican soil erionite.
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sionals should also be aware of the increased 
risk of erionite-associated mesotheliomas in 
people from these regions so that appropriate 
studies can be done on individuals that develop 
mesotheliomas in these areas to determine if 
erionite exposures are contributing to the 
pathogenesis of this disease.
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