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ABSTRACT 

Zeolite minerals are crystalline aluminosilicates which are capable 
of revcrsibile idsorpticn of molecules. The piopcrties of ion exchange 
and dehydration have presented a wide variety of uses and potential 
uses for zeolit~s including application in pollution control, production 
of synthetic fuels, agriculture, etc. Reports of pleural mesotheliomas 
among residents of Turkish villages where certain types of zeolites 
naturally occur resulted in a NioSH study of available information 
on natur~l and synthetic zeollLes. As part of the study. a survey was 
performed ,iuring zeolite ore mining from formations near BoWie, Arizona. 
Results of this survey showed that miners were not expo~ed to fibrous 
zeolites, and that fibrous zeolite varieties were absent, or present 
1n very small traces in the zeolite orc, clay, and overburden at the 
mining site. 
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INTRODUCTION 

Zeolites are crystalline hydrated altiminosilicates of alkali and alkaline 
earth elements, specifically sodium, potassiu~, magnesium, calcium, 
strontium, and barium. The existence of z~olites has been recognized 
since tl,~ 1750's, and they have been fouff)in rocks which arc diverse 
in age, lithology, and geologic setting. For approxim~tely 200 years, 
most of the interest in zeolites was confined to igneous rock occurrences 
which yielded crystals of interest to mineralogists and collectors. 
Research into the chemical characteristics of zeolite minerals revealed 
that dehydrated zeolite crystals would adsorb small organic moler~}es 
but not large ones, a phenomenon described as molecular sieving. 
During the 1930's and 1940's research continued into the dehydration, 
adsorption, and ion-exchange properties of the zeolite minerals. As 
a wide variety of potential co~ercial applications became apparent, 
development of synthetic crystalline zeolites and the exploration of 
reported non-igneous zeolite occurrences proceeded. By the late 1950's, 
a synthetic zeolite known as Linde Type A was under development by 
Ul.~on Carbide Corporation. Exploration during the 1950's revealed that 
very finely crystalline zeolites occurred widely ~nd abundantly in 
sedimentary formations. 

About half of the approximately 40 naturally occuring zeolite ~inerals, 
occur in sedimentary deposits. Eight zeolites make up the major portion 
of the zeolites found in sedimentary rock; these are analcime, chabazite, 
clinoptilolite-heulandite, erionite, ferrierite, laumontite, mordenite, 
and phillipsitfl)Of these, analcime and clinoptilolite are by far the 
most abundant. Zeolite minerals are found in abundance throughout 
the western United States, especially in California, Nevada, Arizona, 
Colorado, Wyoming, and Oregon. Research has disclosed a wide variety 
of uses "and potential uses for zeolites, including applications in 
pollution control, production of synthetic fuels, petroleum production(2) 
agriculture, mining, metallurgy, and other miscellaneous applications. 

BACKGROUND 

Reported Health Effects 

In 1975 Y.I. Baris, M.D.,-Chairman, Department of Chest Diseases, 
Hacettepe School of Medicine, Ankara, Turkey and co-workers reported 
an extremely high incidence of pleural ~~~ease among the inhabitants 
of Karain, a village in central Turkey. A retrospective study o[ 
residents who had died since 1970 and a study of the occupational and 
environmental exposures to the village residents led the investigators 
to conclude that the rerorted pleural disease among residents of Karaln 
was mesothelioma, which was prevalent at a rate of at least 1.3%. The 
investigators further concluded that the cause of this disease was 
the location of the village and the villagers' inhalation of large 
amounts of dust during the cultivation of scallions and potatoes. In 
1978 Baris suggested that the diseases may have been caused by small 
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(4) 
amounts of asbestos in the drinking water of Karain. It was reported 
that asbestiform fibers had been found in the pleura of two persons 
who died of mesothelioma. . 

In 1977 Baris reported his findings tc the International Union Against 
Cancer (IUAC), and in October 1977 researchers from the IUAC and the 
Imperial College, London. visited Karain and other Villages in the 
Cappadocia region of Turkey, collecting scmples of road dust, building 
blocks, and other materials, and examining residents of the arca. Their 
findings confirmed the diagnosis of mesothelioma, and examination of 
the rock and soil samplcs by electron microscopy revealed needle-shaped 
particles of the zeolite mineral erionite ~5's than 0.25 micrometers 
(pm) 1n diameter and up to 5 pm in length. On the basis of these 
findings. and the fact that asbestos was not found in Karain, Baris 
concluded that the respiratorY(a~seases were related to exposures to 
materials other than asbestos. Preli~inary results of the studies 
were presented i~ - ~cember 1977 and July 1978 by researchers from 
Llandough Hospital. ' rdiff, \Iales. These results suggested that exposures 
to erionite, a zeot~5e mineral, may be the cause of the mesothellomas 
observed by Baris. 

NIOSH Study of Zeolites 

In August 1978 NIOSH selected zeolite as a subject for study. Under 
a contract, SRI International performed a review of available inf~5~ation 
on zeolites and reported their findings to NIOSH in October 1978. 
NIOSH contacted a number of industrial producers and users of natural 
and synthetic zeol ites to obtain sal!!:;,les of as many zeolites as possible 
for microscopic analysis, and to assess the extent of the production 
and use-of zeolites. These inquiries indicated that the most active 
commercial mining site in the United States was operated under contract 
by th.e Union Carbide Corporation. The site is " lo~,]ed near Bowie, Arizona 
in formations containing chabazite and erionite. The zeolite mined 
from the Bowie area is primarily used in the production of acid-resistant 
molecular sieves for use in drying and purifying chemical process streams. 
According to representatives of the Linde Division, Union Carbide 
Corporation, chabazite is the zeolite mineral which provides the charac­
teristics desired for the acid resistant molecular sieves. A visit 
to the mining site was arranged with Union Carbide Corporation and 
performed by a NIOSH survey team in May 1979. This report de~cribes 
the survey performed at the zeolite mining site near Bowie, Arizona. 

DESCRIPTION OF ZEOLITE ORE MINING 

The mlnlng of zeolite from the 3cwie deposits can be diviJed into two 
major tasks: the location and preparation of suitable mining siles 
(known as pits), and the actual removal of zeolite ore from the pits. 
At the time of this survey, all sites which were to be mined in 1979 
had been located and prepared for ore removal, consequently, those 
activities were not included in the study. 
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Site Location and Pre paration 

The first step in mining is the identification of suitable deposits 
of zeolite ore. Test cores are drilled to loca~e zeolite beds which 
contain material of the desired purity and quantity. ~hen a suitable 
deposit is found, overburden is removed with scrape~s and graders until 
the top of the are bed is exposed. The top of the bed is then swept 
with a road broom, any remaining overburden is removed with picks and 
shovels, and the top of the bed is blown clean with compressed air. 
The ore beds are typically about 200 feet by 100 fcet in plan, and 
20 to 50 feet below the surrounding terrain. 

Mining 

The zeolite ore is removed by w~rk cr~ws of 6 to 9 men. These workers 
are employed by a labor contractor who also provides laborers for agricul­
tural work. Work in the zeolite pit typically begins at about 7 a.m. 
Mining begins at the edges of the ore bed and proceeds toward the center 
of the pit. The contractor operates a tractor equipped with a front-end 
loader and a backhoe. Using the backhoe, the contractor positions the 
leading edge of the bucket beneath the zeolite layer and lifts the 
bucket upward, causing se~tions of the zeolite ore to break free. The 
sections of ore range widely in size; generally, pieces larger that 
approximately 4 feet square are broken into smaller pieces with the 
backhoe and by workers with sledge hammers. The contractor moves around 
the perimeter of the ore bed o~ the tractor, breaking pieces of zeolite 
free fr.om the clay beneath it. The other 5 to 7 workers are stationed 
around the edge of the bed and as pieces of ore are broken loose, the 
workers pick them up and remove the thin layer of clay which adheres 
to the bottom of the ore using hand tools. As each piece of ore is 
cleaned, it is dropped into a plastic bucket ~hi':h is emptied onto 
a la~ge ore pile in the center of the pit. Larger pieces of ore are 
carried individually after cleaning and thrown onto the ore pile. On 
the day of the survey, work proceeded in this fashion from about 1 
a.m. to 2:30 p.m" with a 30-minute break for lunch. Near the end of 
the workday, the contractor loaded a large dump tru<..k with are from 
the pile in the center of the pit. The workers and the truckload of 
ore left the pit at approximately 3 p.m. The ore was dumped near a 
railroad siding in Bowie, where it is shipped by rail to Union Carbide 
crushing and processing facilities as needed. 

Historical Information 

The presence of chabazite in the se~~Tentary rock near Bowie, Arizona 
was first reported by LOle in 1876. The NIOSH review of information 
on zeolites found that ciaims in the Bowie, Arizona area are owned 
by WR Grace tgj Company, Norton Company, and Union Carbide 
Coq)oration. The first commercial mining of natural zeolite in this 
country is t hought to have been performed in the early 1960's when 
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Union Carbide Corporation began(~~ning near Bowip., Arixona for production 
of Type AW-500 molecular sip-ve. Mumpton reported that between 1970 
and 1972, approximately 265,000 pourids of(5~abazite/crionite were mined 
by Union Carbide from the Bowie deposits. The mining co~t~actor 
indicated that the extent of the mining activity in 1979 (6 to 9 men 
working from 4 to 6 months per year) was typtc~l of that performed 
over thl': past several years. M .. ning was cond"cted in about 7 pits between 
November 1978 and Hay 1979. 

DESCRIPTION OF WORK FORCE 

Union Carbide's present contractor for mining has had the ~ontract 
for 2 years. The contractor employs about 8 temporary stoop laborers 
to mine the zeolite ore. ihe men do agrieuitural labor th~ rest of 
the year, e.g., cotton and pecan farming. They come trom the San Carlos 
Indian reservation an~ from ~orthern Arizona to live in Bowi~ for the 
length of the time they work at the mine. 

In 1979, about 8-14 men (Indians and tJexiC3l".S) worked at the mine, 
The total number of laborers was about the 5ame in 1978. There is no 
.real continuity of employment, pI"obably due to the intermittent nature 
of the work; however, the contractor stated that a few of the men liked 
the wor~ and had come back from la5t year. Four of the workers were 
asked i.f they l.ad ever worked as zeolite miners before; all four stated 
that they had not. 

The contractor has kept records of all the men who have eveI" worked 
fOI" him, how~ver, these records consist of only the social security 
application forms and contain no job histories. 

DESCRIPTION OF SURVEY HETHODS 

Surve~ Limitations and Procedures 

The sampling results represent an evaluation of conditions during zeolite 
ore mining on May 8, 1979. The mining operations performed were described 
as typic.al of the work peI"formed in I"emoving zeolite from the pit, 
how~ver, o~erations such as removing overb'.JI"den and sweeping the top 
of the zeolite ore bed were finished for the year and were not obs~rved. 
On Hay 8, 11)79, a strong west to northwest wind was blowing continuously 
at velocities of approximately 15-25 miles per hour in the early morning, 
and up to 30-40 mi les per hour later in the day. This ~;i.nd was reported 
by the contraccor to be unusually strong; typical I " the '.lind at that 
time of yeaI" is light and variable in direction. 

Air samples were c.ollected fOI" total and respirab~ particulate material, 
free silica, and for characteri~ation of particle compv,sition and morphol­
ogy. Upwind and downwind area samples were collected; area ~amples 
were a : so collected on the tractor which moved around the rit. Personal 
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samples were collected on 6 workers ~s they worked on the ore bed. 
A diagram of the work area showing air sample locations is contained 
in Appendix A. Bulk samples of the zeolite ore from Pit 185, the over­
burden which had previously been excavated from the pit, and the clay 
removed from the zeolite ore were also collected. 

Same li ng and Anal ytical Methods 

Total and Respirable Particulate Mdteria! 

Samples for determination of total airborne parriculate material wcr~ 
coilected by passing air at a rate of 2.0 liters per minute (lpm) through 
Millipore ('letched-weight ·0.8 }lm pore size mixed cellulose ('ster (MCE) 
filters and pre-weighed MSA Mode: FWSB polyvinyl chlo~ide (PVC) 5.0 

vm pore size filters. Samples for determination of respirable palticulatD 
material were collec~ed at a flow rate of 1.7 Ipm, using pre-weighed 
MSA PVC filters preceded by a 10-mm nylon MSA cyclone. 

Samples collected on the matched-weight MCE filters were suitable for 
determination of total airborne particulate material and microscopic 
examination and characterization of the collected p~rticlcs. Samp es 
co!lectej on the PVC filters were suitable for determination of t 'tal 
and respirable particulate materiai, and measurement of the free silica 
content of the particulate collected. 

Microscopic Examination 

Samples collected on thl~ NCE filters were examined by phase-contrast 
optical·mi:roscopy at 400X magnification. The samples were prepared 
and analyzed in' the manf§S prescribed by NIOS" Method P&CAM 239 for 
Asbe?tos Fibers in Air. Analysis of samples by transmission electron 
microscopy (TEN) was performed at 17,OOOX magnification, utilizing 
selected area Electron diffraction (SAED) and energy dis~ersive X-ray 
analysis (EDX?A~)'o identify the shape and elemental composition c,f 
the particles. \ 

Free Silica 

The samples collected on the PVC filters were anaiyzed for total and 
r~~pirable quartz and .cristobalite usi~8)an X-ray diffraction method 
based upor. NIOSH P&CAN Nethod No. 109. 

Evalu~tion Criteria 

Airborne Particulate Haterial 

The Occupational Safety and Health Admi~tIJra~ion (OSHA)(lO) and Mine 
Safety acd Heal~h Administration (MSHA) 3 standara for inert or nuisance 
dust is 15 mg/m (total dust), and 5 mg/m (respi-able dust). Respirable 
dust is defined as the fraction of the total airborne pHticuliHe which 
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will be collected on a pVC(i~}ter preceded by a IO-mm cyclone opera:ed 
at a flow rate of 1.7 Ipm. This nuis~nce dust standard is applicable 
: 0 particulat~~ containing less ~h?n 1% quartz in the dust. as was 
the case for the 5amples collected ,t the zeolite mining sit~. 

The American Conference of uovcrnmental Industrial Hygie~ists (ACGIH) 
has established a Threshold Lim!t Value (TLY) of 10 mg/m for total 
nuisance particulate and 5 mg/m for respirabl~ nuisance particulate. 
In its doc umentation of the TLV, ~he ACGIH states that the term "inert" 
is an inappropriate descriptor for nuisance dust, since It ••• there 
is no particulate material which does not evoke ~ cellular response 
in the lung when inhaled in sufficient amounts." " The TLV for nuisance 
particulates rccognize5 that inhalation of 50me materials does not 
cause changes in the architecture of the air spaces in the lung or 
cause collagen (scar tissue) to fo~m, and that the tissue reaction 
is potentially reversible. 

There is very little toxicological information on natural zeolites. 
A study ~erformed by Timar, et.al. in 1966 indicated : hat intratracheal 
injection of clinoptilolite in rats caused a typical {~~1ign-body reaction 
with granuloma formation within 10 days of injection. No other 
changes were observed over the I-year period of the study. In 
March 1980, ~ study by Suzuki, et.al. reported Lhat peritoneal me~othe­
liomas had been observed in 2 of 11 mice sacrificed or found dead within 
a year after intraperitoneal injection of 10 mg of erionite particles 
0.5-30 lJmd~)length (l lJm average) and 0.05-0.2 J.lm in width (0.1 lJm 
average). No mesotheliomas were observed in 12 mice s;~ilarly treated 
with mordenite and in 7 untreated controls, however, extensive peritoneal 
fibrosis was observed in rats treated with both erionite and mordenite. 
A latcr repor~lg1 Suzuki contains preliminary observations on an expansion 
of the study. Thirty-one mice were added to the study, of which 
10 were inject~d intraperitoneally with mordenite (5 mice at 10 mg, 
5 mice at 30 mg), 10 were injected with erlonite (5 at 10 mg. 5 at 
30 mg), 5 were: injected with 10 mg of chrysotile asbestos, and 6 mice 
were untreated controls. No animals were sacrificed, and by 11 months 
after injection, 16 mice had been found dead, including all 5 treated 
with 30 mg erionite, 3 treated with 10 mg erionite, 3 treated with 
30 mg mordenite, 1 treated with 10 mg mordenite, and 4 treated with 
10 mg chrysotile asbestos. Of the mice treated with erionite, 5 of 
8 found dead had developed malignant peritoneal tumors, and 3 of these 
were mesotheliomas. Both erionite and mordenite were found to induce 
fibrosis in the peritoneum of the mouse, with erionite being more produc­
tive than mordenite. One of the mice treated with chrysotile asbestos 
was found with a malignant peritoneal mesotheliona. The study is continu­
ing at tr.is time. 

Studies of the effects of exposure to zeolite particles among human 
subjects are extremely limited. Some early reports by Baris were described 
in the introduction tc this report. Mumpton has studied the Turkish 
villages where mesothe .. iomas were found and several other villages 
ir. the region and conc~uded that the data are "equivocal" concerning 
positive corre~ation between the presence of zeolite~ (including erionlte) 
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and the incidence of ~l7~ral mesothelioma. (5) The most recent publication 
by Artvinll and Baris describes ,the expansion of their studies 
in the village of Tuzkor~)where Mumpton identified erionite, chabazite, 
and possibly mordenite. The village of Kizilkoy (approximately 6 
kilometers south of Tuzkoy) was used as a control. There have been 
no cases of mesothelioma discovered among residents of Kizilkoy, and 
samples of bedrock, building blocks, and q~~)ry stone from Kizilkoy 
showed only a possible trace of chabazite. Artvinll and Baris found 
two cases of pleural mesothelioma among 312 persons studied in Tuzkoy 
(with a third case possible), with no cases found in Kizilkoy among 
95 persons studied. The authors concludeo(i91t the zeolites probably 
caused the mesotheliomas found in Tuzkoy. 

RESULTS AND DISCUSSION 

Total and Respirable Particulate Material 

Personal and area samples were collected from approximately 8 a.m. 
until 2:30 p.m. during zeolite mining on May 8, 1979. l~mperatures 
ranged from 68 to 90

0
F during the sampling period. Sample volumes were 

corrected for temperature anG the altitude (3600 feet) at which the 
samples were collected. TotLI ~articulate concentrations observed in 
personal samples from workers mining zeolite ere are reported in Table 
1. The locations of sampling points are shown in Appendix A. 

Area samples were collected in the vicinity of the mining activities 
i~ Pit 185. Because the workers were performing heavy physical activity 
(lifting and carrying pieces of ore, swinging sledge hammers, etc), 
it was not practical to collect personal respirable dust samples using 
IO-mm cyclone5. Area samples were collected with total and respirable 
particulate samplers side-by-side in order to. determine the approximate 
percentage of the particulate material which is considered respirable. 
Results of area samples are presenteo in Table 2. 

Free Silica 

All samples analyzed foe total and respirable quartz and cristobalite 
were found to be below the analytical limit of detection (C.C) mg). 

Microscopic Examination 

Airborne Particulate Material 

Thirteen personal and area samples collected on Millipore MeE filters 
and a field blank were examined by phase-contrast optical microscopy 
at 400X magnification. five of the thirteen samples showed very small 
numbers of fibers, defined as particles with a physical dimension longer 
than 5 ~m and a length to diameter catio of 3 to I or greater. Four 
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of these samples were personal samples collected on laborers working 
cn the downwind side of the pit, and the fifth sample on which fibers 
were observed was a downwind area sample. The results of optical 
microscopy are presented in Table 3. 

Three of the samples were selected for examination by TEM. Samples 
004M, 009M, and OIOM were chosen because thpy represented examples 
of light and heavy particle loadings, and one sample (004M) showed 
a small nu~ber of fibers under optical microscopy. The three samples 
were examined by TEM at 17,OOOX magnification. Examination of sample 
004M showed large numbers of particles of various sizes which were 
composed of aluminum (AI), silicon (5i), potassium (K), calcium (Ca), 
and iron (Fe) by EDXRA. In scanning 10 fields (sample 004M) one fiber 
of 0.06 ~m diameter and 1.76 ~m length was observed. This fiber contained 
only sulfur when analyzed· by EDXRA and did not yield a clear diffraction 
pattern by SAED. Large numbers ~f particles of various sizes containing 
AI, Si, K, C:J., and Fe ¥;-':re also observed in sample 009N, while eight 
fibers ranging from 0.18-(..6 ~m in diameter and L8 ).lm to more than 
6 }lm in length "lere found in the <!xamination of 10 fields. These fibers 
showed only sulfur by EDXRA and ambiguous diffraction patterns by SAED. 
Similar results were obtained for sample OlOM, with a variety of particles 
containing AI, Si, K, Ca, and Fe observed in 10 fields, and 4 fibers 
containing sulfur found with diameter~ of 0.06 ~m and lengths ranging 
from 2.2 ~m to more than 6 ~m. Photographs of the particles and EDXRA 
and 5AED patterns are included as Appendix B. The presence of the 
sulfur-containing fibers was not confirmed when samples O(\L~M, 009M, 
and OlOM were re-mounted and examined by TEM. It is suspected that 
thes~ fibers were contaminants introduced during the first sample mounting 
procedure. 

P.ulk Samples 

Samples of zeolite ore from Pit 185, overburden which had been removed 
from the pit, and clay from beneath the zeolite bed ·were examined by 
TEM. Samples were prepared by dispersing a portion of the bulk material 
in alcohol using an ultrasonic probe agitator and dep05itir.g a portion 
of the dispersion on a carbon-coated TEB grid. Photographs of the parti­
cles and EDXRA and SAED patterns are included as Appendix C. The zeolite 
ore from Pit 185 was found to contain small platy Ca-fe rich aluminum 
silicates with some minutr traces of Mg, K, and Na. The sample was 
fairly uniform in composition and size range (1-10 ~m diameter particles). 
One fiber was observed while scanning 75 fields. The fiber was 0.5 

pm in diameter and 3.5 ~m in length, and was composed of AI, Si, Fe, 
Ca. and K. Photographs of particles and EDXRA patterns for reference 
samples of erionite and chabazite are included as Appendix D. 

The overburden from Pit 185 contained a wide variety of particles with 
one fiber observed while scanning 60 fields. The fiber was 0.6 }lm in 
diameter and 6.7 vn in length and contained Si, Mg, Ca, and Fe. Examina­
ti04 of clay from Pit 185 showed four fibers in 40 fields scanned; 
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two of these fibers were identified as chrysotile asbestos. Since no 
asbestos minerals were found in any other samples, these two observed 
chrysotile fibers may have been a centaminant introduced during the 
microscopic examination. The other tw~ fibers were 0.2 ~m by 2.0 pm 
and 0.1 vm by 1.8 ~m in diameter and length respectively, and contained 
Si, AI, and traces of Ca, Fe, and Na. 

SUMMARY AND CONCLUSIONS 

Workers mining zeolite ore on May 8, 1979, were not exposed to total 
or respirable particulate material in excess of legal or recommended 
exposure limits. Area samples for measurement of total and respirable 
particulate material collected sidc-by-side indicated that respirable 
particulate material comprised 0.4 to 33 percent of the total airborne 
particulate collected. Sampling'was ~erformed on closed-face matched­
weight MCE filters with open-face cassettes so the filters would be 
suitable for microscopic examination. Comparison of side by side samples 
collecLed with open-face cassettes containing matched-weight 0.8 ~m 
MCE filters and closed-face'cassettes containing 5.0 ~m PVC filters 
indicated that the mass of particulate material collected on open-face 
MCE filters exceeded that collected on PVC filters by factors of 1.25 
to 5 (Table 2). Consequently, the personal samples collected on matched­
weight MCE filters for particle analysiS and total particulate material 
probably overestimate worker exposures to total particulate material. 

Microscopic exam~nation of airborne particulate material and bulk samples 
collected at the mining site indicated that the air samples generally 
contained irregularly-shaped particles, with a very small number of 
fibers in 5 of 13 samples. Examination by TEM with EDXRA and SAED revealed 
that the irregularly-shaped particles were composed of AI, Si, K, Ca, 
and Fe, whil~ t~e fibrous varieties showed only a peak for sulfur by 
EDXRA. Re-examination of these samples did not confirm the presence 
of these fibers. The bulk samples of ore, overburden, and clay contained 
very small number of fibers, with one fiber containing AI, Si, Fe, 
Ca, and K observed in a preparation of the ore; one fiber containing 
Si, Mg, Ca, and Fe in the overburden; and four fibers in the overburden, 
of which two were chrysotile asbestos (a possible laboratory contaminant) 
and the other two containing Si, AI, and traces of Ca, Fe, and Na. 
Microscopic examination of air and bulk samples indicated that workers 
mining zeolite ore from Pit 185 on the day of the survey were not exposed 
to fibrous zeolite, and such fibrous zeolites varieties were absent 
or present in very small traces in the ore, clay, and overburden. 

It is not feasible to conduct a retrospective mortality study on the 
miners, due to the small number of workers involved in mining, the 
insufficient latency period, and the lack of exposure to fibrous zeolite. 
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TABLE 1 

Laborer's Personal Exposures To Total 
Particulate Material 

I 
I Sample Sample I Concentr3tion ! I 
I Number Period (min) ~ (mg/m ) I Re,narks t I I 
I (102M 335 I 2.23 I Working Upwind I 
I I I I 
I 003M 135 I 5.76 I Working Downwind I 
I I I I 
1 (105M 237 I 1.35 I Working Downwind I 
I I I I 
I (108M 336 I (1.43 I Working Upwind I 
I I I I 
I (1091-1 337 I 1.90 I WOT.~ing Downwind I 
I I I I 
I. CH2M 271 I 2.46 I Working Downwind I 
I I I I 
I (113M 205 I 2.16 I Working Downwind I 
I I I I 
I 0141-1 103 I 1.39 I Working Downwind I 
I I I I 

All samples collected on Millipore matched-weight 0.8 m MCE filters, 
with open-face cassettes • 
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TABLE 2 

Concentrations of Total and Resp1rablt: 
Particulate in Mining Area - Pit 185 

I 
I I I Sample I Sample Concentr~tion 

I Number I Perioe! (min) I (mg/m ) I Remarks 
I I 
I (l04Ma I 172 I 13.69 I Open-face MCE filter. 
I 1 I 1 total, downwind 
I 23488 

1 138 I 2.60 I Closed-face PVC filter. 
I I 1 I total, downwind 
I 2332<1 I 130 ·1 0.59 I Cyclone, PVC filter, 
1 I I I respirable, downwind 
1 I I I 
I 006H I 324 I 0.55 I Open-face MCE filter, total, 
I I I I upwind 
I I I I 
1010M

b I 292 I 0.03 I Open-faced MCE filter, 
I· I I I total, upwind 
I 2339

b I 302 I 0.01 I Closed-face PVC filter. 
I I I I total, upwind 
I 

(lllMc I I I 
I I 155 I 4.77 I Open-face MCE filter, 
I I I I total, downwind 
I 2353 c I 272 I 0.41 I Cyclone, PVC filter, 
I I I I respirable, downwind 
I 

OOlMd I I I 
I '.1 394 I 1.26 I Op~n-face MCE filter, 
I 
23l~d 

I I I total, tractor 
I I 394 I 1.01 1 Closed-face PVC filter, 
I 

2336d I I I total, traccor 
I I 394 I 0.17 I Cyclone, PVC filter, 
I I I I respirable, tractor 
I I I I 
I 2342 I 138 I 1.36 I Cyclone, PVC filter. 
I I I I respirable, downwind 
I 2311 I 118 I 0.71 1 Closed-face PVC filter, 
I I I I total, dO\lOwind 
1 I I I 
I 2322 I 132 I 0.01 I Cyclone, PVC filter, 
I I I I respirable, upwind 
I I t I 

a, b, c. and d designate sets of samples collected side-by-side for 
comparison of total and respirable particulate. 
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TABLE 3 

Summary of Optical Microscopy - Air Samples 
frou Pit 185 

ISample 
INumber Microscopist's Description 
I 
I (101M Heavy particulate, no fibers 

(102M Medium - heavy particulate, no fibers 

0031'1 Heavy particulate, small number of fibers 

(I(l4M Heavy particulate, no fibers 

(105M Noderate particulate, no fibers 

(106M Moderate particulate, no fibers 

(108M Moderate par .. icu1ate, no fibers 

(109M Heavy particulate, small number of fibers 

0101'1 Light particulate, no fibers 

(lUH Heavy particulate. small number of fibers 

(112M Medium - heavy particulate, small number of fibe~s 

Ol3t-! Hcavy particulate, small number of fibers 

014M Moderate particulate, no fibers 

Blank No particles observed · 
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2339,0101{ 
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2322 2342 2311 
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X 

'!'ractor 
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Truck 
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Circles represent area sample 
X represents persoual sample 

SAMPLINC LOCATIONS - ~IT NO. 185 • 
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Photo 714 _ Pit 185 clay - possible Zeolite fiber 0.1 x 1.8 ~m - com­
position is a Ca, fc aluminum silicate. (mag. e IO,OOOX). 



." ... 

Photo 710 - Pit 185 Clay: Typical field showing particulate size dis­
tribution and two possible Zeolite fibers (lower center). 
Magnification = 1700X 

1 

", ... . _i-. 

Photo 711 - Selected Area Electron Diffraction pattern of a possible Zeolite 
fiber in Pit 185 clay sample. 
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EDAX spectrum of possible Zeolite fiber in photos 710 and 711 
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EDAX spectrum of non-fibrous Zeolite ore particle 
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Photo 715 - Pit 185 overburden - photo of large fiber on grid 
(0.6 Yo 6.7 \.1m) 
Vlag .. 10.OOOX 

EDAX spe~trum of fiber pictured above. 
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Photo 723 - Diffraction pattern of possible Zeolite fiber 0.5 x 3.5 ~m _ 
Zeolite ore sample 

EDAX spectrum of above fiber in the Zeolite are. 
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