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Introduction

The National Institute for Occupational Safety and Health (NIOSH) has
underway industry-wide studies to assess the chronic health hazards from
eccupaticnal exposure to respirable fibers. These studies include
epidemiological studies of exposed worker populatiocns to determine health
effects which may be attributed to the work environment, medical studies

to assess chrenic health effects, and detailed industrial hygiene studies to
characterize the varicus agents to which these workers have been exposed.

During the week of March 22-26, 1976, Ralph Zumwalde, Robert Whesler (ALOSH),
Robert Delmage, Terry Boyle, Dennis Roberts, and Rebert Phillips conducted an
industrial hygiane survey of Engelhard Minerals and Chemicals Corporaticn,
Attapulgits Clay facility, in Attapulgus, Georgia. The purpose of the survey
was to evaluate worker axposures by collecting samples of airborne attapulgite
clay and characterizing the dust composition., Approximately 200 airberme
samplas were collacted at the various milling operatiens. Of these 200
samples 150 were personal breathing zone samples collected for the determination
of raspirable and total dust concentrations. In addition, for each of the job
catagories a represantative number of personal samples were randomly selected
for free silica determinations. The remaining 50 airborne samples were
general area samplegs collacted at variocus mill processing c¢perationsg. These
samples were analyzed for free silica, trace metals, (Cd, Co, Cr, Fe, Mn, Ni,
Zn) and slectron microscopy characterization. In addition to the airborme
samplesd, sattled dust samples weare also collected at diffearant processing
operations. These samples wers analyzed in the same manner as the airborns.
Some high noise lavels wers apparant due to mill processing operations; c¢on-
sequently, sound level measurements wers taken at various locations within

the mill. ‘

The following paragraphs describe the sampling and analytical methods
employed, sampla results, conclusions and recommendations drawn for workplace
improvements and workar safaety. To help reduce duplication of information, a
copy of the Augqust 26, 1975 Prasliminary Industrial Hygiene Survey -Report of
the Engelhard Minerals and Chemicals Corporation facility is attached.
(Appendix I) This report documents the mining and milling processes, medical,
industrial hygiene and safety practices at the facility and discusses the
potential problems with the inhalation of airborne attapulgite clay.

Survey Procedures

The major portion of thas survey was devoted to the collection of personal
breathing zona samples for documenting employee exposuras at various milling
procasses, Personal air samples were collected on the employees to determine
time~-waighted average (TWA) exposures to respirable and total dust in addition
tc free silica., Samples for ailrborne respirable and total dust were collected
at a flow rata of 1.7 liters per minute {lpm) on 37 mm diameter pre-weighed
MSA Type FWS (polyvinyl chloride) filters. Total dust samples were collected
open faced with respirable dust samples collected with 10 mm nylon cyclone



separators. Total dust samples were alse collected for trace metal analysis
on 37 mn diametar pre=waighed Millipore Typa AA (cellulcse estar) filters.
At various milling operaticns total dust samples ware collected om Millipere
Type AA filtars and analysed by transmissicn elactron microscopy usiag
selected area slactron diffraction and energy dispersive X-ray analysis for
characterization of particulats morphology and chemical compositioen. (1)

Frea silica concentrations weras determined using X-ray diffracticon as specified
in the NIOSH Silica Criteria Document. (2} Trace metal analyses for Ccd, Co, Cr,
Fe, Mn, Ni, and 2n were performed by atomic absorption spectroscopy an

selected air and settled dust samples. Samples collected for transmissien
electron microgsccpy evaluation were performed on a JEOL JEM 100~B side entzy
transmission electron microwscope with an attached EDAX energy dispersive

X-ray analyzer.

Sound level measurements were taken at various milling operaticns for
identifying potential excessive noisae sources. These measurements wers made
using a General Radio 1565A sound level meter on the dBA-weighted scale.

Sample Regults

Attached in Appendix II is a brief daescription of each job within the mill

and also the mine, a description of sampling and analytical methods utilized, ,
rasults of all individual samples, and appropriate summary statistics. All
job categories have been identified by a 4 digit job code. The first 2

digits represent the general werk area while the last 2 digits correspond

to specific jobs within those areas. Tabular summaries of time-weighted
averaga exposures by job category for free silica and respirabla and total
mass dust samples (attapulgite) are given in Table 1. Presented in Takble

2 is a summary of the trace metal analysas of settled dust samples collected
at various locations within the mill.

Time-waightad avezrage (TWA) free siliga exposures calculated for each job
category wers within acceptable limits as recommended by NIOSH. (2! sSome
individual perscnal respirable samplaes indicated free silica exposures ex-
ceeding the NICSH recommended TWA standard of 0.050 mg/m3., However, there

is same qQuesticns as to the interpreatation of these concentrations since the
analysis for free silica on esach sample was reported near the lower detection
limit of the analytical method (0.02 mg per filtar). All trace metal analysas
performed on ccllected airborne samples resulted in levels comparabla to +the
lower detaction limit of tha analytical methed; hance, air sampla concentrations
{(ppm) for trace metals reportad in Appendix II reflect less than detectable
values. The trace meatal (Cd, Co, Cr, Fe, Mn, Ni, Zn) analyses of the settled
dust samples, as indicated in Table 2, substantiates the low values found in
the air samples. Iron was the only trace metal found in any appreciable
quantity {(1l.0=-2.4%).

Repertad in Table 1 are timo=waightad average (TWA) airborne expogures of
total and respirable dust (attapulgite clay). All TWA concentrations for
raspirable dust wers below 5 mg/m3, however, scme TWA concentrations for
total dust exceeded 10 mg/m3. Since there is currently no specific
cccupational health atandard for attapulgite clay the standards for inert

or nulsance dusts are applicable. At presant the Mine Enforcement and sSafety
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Administratisn (MESA) dust standard is S ng,/m3 respirable and 10 mg/m3

total, whils the Occupational Safety and Health Administration (QSHA)
dust standard is 5 mg/m respirable and 15 mg/m3 total.

Selacted airhorne samples, which were collected at variocus locations
within the mill, were prepared for particulats characterization by
tTansmission slectron micreoscopy (TEM). These samples demonstrated
attapulgite clay at varying concentrations. The morphology of the par=-
ticulates was simllar on all samples wilh individual clay fibers being
more numerous on samplas collected near tha dryers and at the Raymond
Mills. Pigurss 1,2, and 3 are typical TEM photo micrographs of alr-
borne attapulgita. Illustrated in Figure 4 is a microchemical ¥-ray spec=
trum of attapulgite. This spectrum was obtained from a 5 micrometer di-
ameter attapulgite particulate. This spectrum (Mg, Al, Si, trace of Fe)
substantiates the chemical compesiticn ag attapulgits clay.

All TEM samples wers prepared in a clean hood utilizing 200 mesh formvar/
carbon coated grids. The dissolution of the sample onto a TEM grid was
prepared with a modified Ortiz Jaffe Technique.(3) sSamplaes wers evaluated
at 17,000X, 20,000X and 50,000X magnificaticn with an accelarated electron
voltage of 100 kv. '

Illustrated in Table 3 is a summary of airborne attapulgite fiher size data.
These measurements (diametsr and length} were determined at 20,000X mag-
nification. As indicated in Table 3, fibers demcnstrated lengths of 0.1

to. 2.5 micremetars and diamatars of 0.02 to 0.1 micrametars. Thaere appeared
tc be an affinity for fiber conglomeration ints jagged particulates that
rangad in diametar from 0.5 to 5.0 micreometars. This characteristic is
demongtratad in Pigure 2.

Sound level measursments ranged from 103-105 dBA near the crusher to 73-75
dBA ingide the control rocm at tha dryers. All sound leval measurements
are reported in Appendix II.

Discussion

The data shows that time-weighted average total dust concentrations

for milling and bagging operations were scmetimes axcessive. Although free
siliea concentrations ware within acceptable limits, there is a potential
for excesaive airborne concentrations for millers, shippers, laborers, and
screen operators. With a moderate free silica content (3% to 4%) associated
with high dust levels, the potantial for inducing respiratory health problems
.13 enhanced. Bacause of the mobility of the employees within some of the

job catogories these high concentrations were not demenstrated in their time-
waighted averages.

It was noted Quring this survey that changes wars being made to improve tha
exhaust ventilation at some bagying stations and that a new bagging system

was being installed on cne of tha product lines. Thesa improvemants should
help reduce dust concentrations in these immediatas areas, but additicnal
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measureg to reduce spills, improve clean-up procedures, and maximize exhaust
ventilation systems appears waranted.

Scme areas within the mill had socund level measuremants axceeding 90 dBA.

Mogt job duties in these areas did not necessitate the need for employees to
be present any appraciable amount of time. It was obsarved, however, that
most employees did wear hearing protectien when working in thease areas.

There were some work areas (i.e. bagging at Raymond Mill, near dryers, pugmill,
etc.) that had sound lavel measurements between 85 and 90 dBA. It has been ,
documented in the NICSE Noise Criteria Document(4) that 8 to 10 hour time-weighted
average axposuras to sound levels between B5 and 90 dBA can induce hearing '
impairments, Tharefore, it is recommended that smployees exposed to thase
levels be requested to wear hearing protection. It is also suggested that
emploveas ba made aware of areas which have axcessive noise levels. Be-
cause of the range of sound levels found throughout the mill it would be

- advisable to initiata a hsaring consarvation program with pariodic hearing

examinations.

Bacause of the radiant heat emitted fram the dryers there i{s a potential for
haat stress for those employees working in this area. Although employees are
furnished with an enclosed work station near the dryers there is a considerable
amount of time spent working around the dryers. Employees working in this

arsa should be made aware of the, potential heat stress problems along with
information on how to prevent and recognizas abnormal health symptoms, as well
as how to treat employees suffaring from heat stress. It would be feasible .
to reduce the radiant heat from the dryers by insulating the dryers' exterior.
The initial cost for adding insulation could be recovered frem the reduced
anergy needed to maintain a given teamperaturs within the dryers.

As was discussed in our preliminary survey report of November 13, 1975

- (Appendix I) thara i3 some concern regarding the raspiratery health hazards

associated with the inhalation of fibrous minerals. Documented in that
report was the research performed by some inveatigators who demonstrated
tumerigenic effects of fibrous dusts in experimental animals.(5,6) 1In
another study which was performed by Davis, (7) a series of mineral dusts were
injected intoc the pleural cavities of mica in ordar to test their relative
fibergenicity. It was demonstrated that the degree of cellular granulomata
adhesions which ware found between the lungs, diaphragm and chest wall

were dependent upon particulats size and morphwlogy. The highest degree of
fibrosis within the granulcmata was demonstrated uaing long fibrous minerals
with a decraasing amount of fibrosis with shorter fibers and particles.
Pott(B), in a recent assessment of his research, has concluded that fibers
with diameters less then 1l micrometer and lengths greater than 5 micrometers
are more likely to gtimulate tumor formation. In an ongoing research study
by Stanton(9) it has been demonstrated that fibrous minerals can produce pleural
sarcomas when implanted in the pleural of female Osborne-Mendel rats. Liks
the Davis and Pott studias, the incidence of pleural garcomas is dependent
upen fibar siza rather than physicochemical propertias. Preliminary animal
results by Stanten uaing attapulgite clay suggest a lower probability of
plaural sarcemas than that demonstrated with aghaestos or micro-fine fibrous
glass. However, current animal research dictatas that all respirable fibers
be viewad with caution and that airborne exposures be kept at a minimum,
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Table 1

Engelhard Minerals and Chemicals Corporation
Summary of Time-Weighted Average Exposures
by Job Title

Lower limit of detection for-SiO2 was 0.02 mg per filter

Job Respirable Mass | Total Mass | Dust Concentrations (attapulgite)
" Title. Free S10 Free S10, |Regpirable Massg Total Mass
32 3 2 3
mg/m mg/m> mg/m ug/u
- 0200 Stationary Samples —_— -— 9.30% 15.94
(Milling Operations) '

' |0201 Crane Operator <0.030% <0.030% 0.16 0.52

0202 Hammer Mill Oper. <0.031 <0.033% 0.41 0.46%
- 10203 Pugmill Oper. <0.028 <0.122 1.40 6.45
10204 Dryer Oper. <0.028% -— 0.57 -

0205 Dryer Oiler <0,030* 0.030* 0.74 6.57%

0206 Crusher Oiler <0.029* 0.029%* 0.52 1.90%
"10207 Miller No. 1 <0.029 0.084% 1.15 21.47%

0208 Miller No. 2 <0,028* - g.lo 15.54%

0210 Raymond Miller <0.028%* -— 1.42% 9.12%

0212 Screen Oper. <0.027 0.110* 3.24 22.34

0300 Stationary Samples —_ -_— 2.04 12.62

(Bagging Operatioms) _

0301 Lead Person <0.074 0.248% 1.01 9,78%

0302 Shipper <0.031 0.145 1.72 16.30

0303 Laborer <0.029 0.183 1.90 22.51
10305 Bag Press Oper. <0.029% — 0.72%

Nota: (*) Represents one gample

(=) No sample collected

NIOSE recommended time-weighted average standard for free silica in respirable dust

is O.

050 mg/m>.



Table 2

Engelhard Minerals and Chemicals Corporation
Summary of the Trace Metal Analyses
Settled Dust Samples

Trace Metals (ppm)

Sample Location Cadmium Cobalt Chromium ' - Irom Maganese Nickel Zinc
#1, Near Bagging 1.3 3.0 - 105.0 18000.0 443.0 52.0 72.0
Operation at (1.32) '
Raymond Mill

#2, Same Area as .9 6.0 103.0 15100.0 240.0 26,0 1 74.0
1l

#3, Settled Dust 1.7 38.0 66.0 21500.0 481.0 | 11%0.0 80.0
Behind Dryers

#4, Sertled Dust 4.0 9.0 64,0 10000.0 689.0 17.0 60.0
underneath ¢

Hammer Mi1l1

#5, Settled Dust . 2.4 6.0 76.0 16100.0 460.0 165.0 84.0
At Pugmill ‘ -

#6, Settled Dust 1.7 - 16.0- 113.0 210600.0- 322.0 20.0 107.0
at Bagging

Operation Number

3 Mill

#7, Same Area as 3.2 25.0 113.0 23600.0 438.0 25.0 94.0

46
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Table 3

Engelhard Minerals and Chemicals Corperation

Summary of Airborme Attapulgite Fiber
Size Data as Determined by Electrom

Microscopy
Piber Count Range Geometric
Measured Median ~Micrometer (um) Standard
Micrometer (um) Deviation
Diameter 0.07 0.02-90.1 3.14
Lensth 0-4 0-1 -2¢5 3.0
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PRELIMINARY INDUSTRIAL HYGIENE SURVEY
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John Dement
. Ralph Zumwalde

REPORT PREPARED BY
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November 13, 1975
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PLACE VISITED:

DATE OF VISIT:

PERSONS MAXING VISIT:

PERSONS CONTACTED:

PURPOSE OF VISIT:

Engelhard Minerals and Chemical
Corporation
Attapulgus, Gecrgia

August 26, 1975

NIQSE

DFSCI

David Browm
"Dave Bayliss
John Dement
Ralph Zumwalde

Mr. Thomas Malone - Plant Hanager
Mr. R.D. Oultom - Research Department
Mr. Gordon Searcy - Safety Manager

To observe the mining and milling of
attapulgite clay and to take prelimin-
ary air samples for characterization
of airborne attapulgite dust. An
evaluation of persomnel records was
also performed for possible imnclusion

in future NIOSH mortality studies.
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INTRODUCTION

As part of the National Ingtitute for Occupaticnal Safaty and Health
industry wide studies of industries producing and utilizing naturally
occurring mineral fibers, a preliminary industrial hygiene survey was
conducted of the attapulgite clay operations of the Engelhard Minerals
and Chemical Corp., Attapulgus, Georgia. This visit was made by David

- Brown, Dave Bayliss, John Dement and Ralph Zumwalde of the Division of
Field Studies and Clinical Investigations on August 26, 1975. During
this visit observations were made of manufacturing processes and control
meagsures in addition to preliminary air sampling for characterization of
attapulgite clay. Also, Mr. Bayliss and Mr. Browm evaluated personnel
records for posaible inclusion in future mortality studies.

The following paragraphs include 3 discussion of attapulgite clay,
processes in the facility, industrial hygieme practices, air sampling
procedures and results.

Discussion of Attapulgite Clay

Attapulgus clay, commonly called attapulgite after the principal min-
eral it containg, i3 a ecrystalline hydrated magnesium~aluminum sili- _
‘cate with a unique chain structure that gives it unusual colloidal and -
sorptive properties. It is the principal member of a group of gorptive
clays kmown collectively as fuller's earth.

Attapulgite has a wide variety of industrial applicatioms. Colloidal
grades are well known thickening, gelling, stabilizing, and thixotropic
agents in products ag paint and drilling muds. Sorptive grades find
use as decolorizing and clarifying agents, filter aids, floor absor-
bents, animals litter, pesticide carriers, components of no=-carbon copy
papers, and catalysts and refining aids.

In comparison with other clays used in chemical process industries,
attapulgite is characterized by high surface area sorptivity, and
decolorizing properties. Slips or slurries made with attapulgite are
viscous and thixotropic. However, unlike bentonite, attapulgite is
not floeculated by electrolytes.

Attapulgite 18 found in economie quantities only in the Georgia =-
Florida area of the United States, inm India and in the Saviet Uniom.

In the Soviet Union the mineral has been given the _name palygorskite
United States production i3 estimated at 300,000 to 400,000 tons a

year.

As mined, attapulgus clay contains 702-to 80Z attapulgite; 1l0Z to 135%
montmorillonite, sepiolite, and other clays; 47 to 8% quartz; and 12

posts
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to 5% calcite or dolomite. Much of the non-clay fractioms are removed
during processing so that commercial products can contain up to 85 to
90Z% attapulgite. Because of its high sorptivity in its natural form, it
can take up water rapidly to 200% of its own weight. .This value isg
surpassed only by that of montmorillonite and gepilolite. (Most of this
water i3 loosely held by Van der Waals forces.™) )

DESCRIPTION OF THE FACILITIES

Production at this plant started around 1920 using two mills, designated
#1 and #2, which produced only gramular (large particle size) attapul-
gite clay. The plant was named the Attapulgus Clay Company, which was
jointly owned by Standard 01l of New Jersey and Atlantic Refining Company.
In 1933 a third mill (#3) was built to increase the production of granular
clay. The clay was primarily produced for the decolorization eof petrol-
eun. It was not until the early 1940’s that the company started manu-
facturing the finer particle size clay products. In the mid 1950's the
company was bought by the Mineral and Chemical Corporation of America and
subsequently taken over by the Mineral amnd Fill Corperation.

In 1967 the #2 mill was revamped for the insgtallation of the Raymond Mill.
With this new air separation mill a finer clay was produced. According
to Mr. Malome, plant mapager, the Engelhard Mineral Company purcbased

. the company in 1968.

The company owns a substantial amount of acréﬁge in both Gebrgia and
Florida. At this time there are 3 active strip mines, ome in Florida
‘and the other two in Georgia.

Ar the praegsent time, the company empleys approximately 395 people, 79 of
which are salaried, 70 are employed in a catalyst plant, 44 work in the
mines with the remaining being empioyed in the milling and shipment of
attapulgite clay. The employment turnover varies but tends to be higher
for non—whites; between 1968 and 1974 approximately 200 non-whites ter-
minated employment. The company consists of 60% white and 40% nom-white
employees with both past and present workers tending to live within a

30 mile radius. The company operates on 3 shifts/day working 5 and
sometimes 7 days a week. The employees were origimally organized by

the United Stome and Allied Products Workers in the late 1940's. This
union eventually merged in the early 1960's with the United States Steel
Workers Union (AFL-CIO).

o
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DESCRIPTION OF THE PROCESSES

The attapulgite clay deposits are found within approximately a 15 mile
radius of the milling facility. The clay beds vary in thickness from

perhaps 4 feet to ag much as 12 feet or more and may occur in two dis-
“tinct layers separated by a stratim of sand calcite (limerock) varying
from a few inches to a foot or more in thickness.

In all three of Engelhards active mines, the conventional open pit
strip mining methods are used. In the mining of the clay the over-
burden is first removed by dragline or by Euclid earthmovers until a
gubatantia] area of the clay has been exposed. Since the qualicy
characteristics of attapulgite clay vary both laterally and vertically
through its stratum, this variability is taken advantage of in order to
increase the range of product types and applications. Because of this
. variability core-hole samples ares taken on close centers to determine
the specific applications most suitable for the finished product.
Based on these tests, the clay is selectively mined, stockpiled, and
procassed through the plant. The clay is usually mined with power
shovels and locaded into covered trucks for transportationm to storage
clay sheds at the mill.

The different stratums of clay are stored separately in the shed for
easy removal to the crusher. Depending om the product line, a stra-
tum of clay is removed from the shed by overhead crames and deposited
in the crushers. This crude clay contains about 50% volatile matter,
principaly free and combined water. OQnce the clay has been conveyed to
the crusher (hammermills and/or rolls) it is reduced to granules or
flakes of approximately 1/2 inch size or smaller.

If the c¢lay i3 to be extruded (extrusions improves absorptivity) it
proceeds frow the roll crusher to a pugmill where sufficient water

i3 added to yield an extrudable maas. The pugmill discharge is fed
tao a4 screw=-type extruder to produce an extrudate in the form of rods
averaging roughly 1/2 inch in diameter. This extrudate is next dried
in one of the several counter-current rotary dryers. These dryers
operate over a range of 300 to 1200° F, depending on the grade being
produced.

For the unextruded grades of clay the discharge from the crusher by-
passes the pugging and extruding steps and goes directly tec the same
dryer as the extruded clay.

Once the clay is dried the remaining steps in the process consist of
size reduction and clagsification. The combination of grinding toll
mills and sifters yields a variety of granular product grades coarser
than 100 mesh, while the undersized material is classified into a

=,
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variety of fine grades. The most common granular grades classified by
the sifters are in the 15/30, 30/60, and 60/90 mesh size ranges. In
¢ertain cases, the granular products may be recycled to the dryer for
further c¢alcination. The fine grades which are in the 100 to 325 mesh
range are classified and sent to the finish product bins. If still
finer grades are needed, the 100/325 mesh c¢lay is seant through the
Raymoud Mill where it is afr separated into a product which is 95%
finer than 10 microms.

Because of the diverse recycling system between all stages of milling,
sifting, grinding, and drying; all waste material and dust from the
bag house collectors can be reused by recomstitution through the ex-
truding process. ' :

After all gize reduction and claggsification the finished product is
couveyed to a storage area where it is bagged or shipped in bulk by
truck or rail.

A gchematic flow sheet for attapulgite clay milling is given in
Figure 1.

MEDICAL, INDUSTRIAL HYGIENE AND SAFETY PROGRAM

The company has recently started giving pre—employment examinations
consigsting of a chest x-ray and physical examination, however, there
are no perlodic physical exams. All medical examinations are handled
through local physiciang (Drs. Charles Bellville and Abby Woods) re-
tained as consultants. It was indicated that the company plans an
extengive medical program for 1976 imcluding hearing and pulmonary
function tasts with periodic x-rays.

‘According to corperation persomnel, no work induced respiratory pro-
blems have been noted. The only medical attention needed at the
plant has been a result of accidental injuries..

The company dces not have an industrial hygilemist om the staff; how-
ever, the company does have the services of Mr. T.D. Oulton, who
handles all envirommental problems of Engelhard Minerals and Chemical
Corp. Some air sampling has been performed by the company to deter-
mine free silica expcsures. Total dust samples indicate free silica
exposures around 3 mg/m . According to management, additional ven-
tilation and bag house collectors have been installed within the last
few years. Some noise measurements have been taken indicating some
areas with A-weighted sound levelas approaching 90 dB,.
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The safety program at the facility is coordinated through Mr. Gorden ‘
Searcy, Safety Manager. There is an established monthly safety meeting
in which an alternating representative from each department attends
along with three Union representatives. The employees.are required to
wear bard hats and are encouraged to wear safety shoes and protective

eye glasses.

INSPECTION OF THE PLANT

Potential Safety and Health Hazards

The fcllowing are potential healtﬁ and safety hazards noted during
this survey: '

1) Eye and respiratory exposures to airborme attapulgite clay.
2) High noise exposure in some areas.

3) Possible heat stress in dryer ovenm area.
4) Posgsible free silica exposures.

Housekeeping . o

In general, the environment through out the milling operations was
fairly dusty. Areas around the Raymond mill and hammer mill appeared
to be dustier than others. Most of the airborme clay appeared to be
contributed by leaks in the clay conveyor system. HNearly all floor
cleaning in the mills was performed with hand brooms.

SURVEY PROCEDURES

The major portion of the survey was devoted to cbservation of manu-
facturing procedures, exposure control practices and plant personnel
record accessment. 3Bulk samples of the finighed produets along with
a limited number of air samples were collected for the purpese of
characterizing attapulgite clay. The air samples were ccllected in
the areas of the Raymond Mill and the bottom floor of the #3 mill.
The collection mediums used were 37 mm Millipore type AA celloluse
ester membrane filters (0.8 um pore size), simultaneocusly with a 37
mm nucleopore membrane filter (0.8 um pore size) both of which were
calibrated at a flow rate of 2.0 LPM.

R
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Laboratory evaluation of the collected air samples was performed using a
JEOL 100-B side entry transmission alectrom micrecscope along with an
attached EDAX energy dispersive x-ray analyzer. The collected samples
were on a 200 mesh, formvar/carbon coated grid for obaservation by trans-
misaion electron microscopy. Utilizing this methed, the collected
attapulgite clay wvas analyzed at 10,000, and 20,000x magnification to
determine iis morphology. To document and verify the observed fibrous
clay at these magnifications, simultaneous energy dispersive x-ray
analysis was performed to determine the elemental make-up.

RESULTS AND DISCUSSION

Induystrial Hygilene oo e

Due to problems in preparing the air samples for analysis, diffi-
culty was experienced in ascertaining the relative ''free' clay fiber
exposure. Since individual clay f£ibers are physically attracted to
each other, it is difficult to determine if the clusters of clay fibers
were originally airborne as conglomerates or if, through handiiang,
preparation and/or static electricity, the individual fibers readhered
with cne another. Relative free (individual) fibers as well as many
small clusters of 3-10 fibers were ohserved in the samplesa. Average
fiber diameters for the free fibars appeared to be less than 0.1 um
with an average length of approximately 1.0 um.  An elemental analysis
was performed by emergy dispersive x-ray to substantiate the pregence
of attapulgite clay. Figure 2 shows a micrograph of typical fibers
Seen in these samples in addition to the attapulgite x-ray spectrum.
These fibers were compared with standards for attapulgite obtained from
the Smithsonian Institute.

OQur specific concern with attapulgite clay is its potential to form
fibrous crystal structures of approximately <0.1 um dia. and 1.0 um
length which if airborme, may be respirable and harmful te health.
Although the respirability of airborne fibers is nmet clearly under~
stood it is3thought to be mainly dependent on the fiber diameter.
Timbrell's ~“work suggests that the two major mechanisms of fiber
deposition in the upper airways (settlement induced by gravity and
inertial deposition) are chiefly dependent upon particle free falling
speed (i.a. aquivalent Stokes' diameter). Fibers with densities less
than 3.5 g/ and less than 3.5 um in diameter may escape deposition
by these two mechanisms and penetrate deeply into the lumgs. Free
airborne attapulgite fibers satisfy both the density and fiber diameter
requirements as stated above and may be considered potentially respirable.



Animal studies performed by Pott® have shown that the fibrous structure

of chrysotile, with lengths of 2-~3 um, are carcinogenic. Pott concluded
that fiber shape and size was a more important factqQr im carcinmogenesis 5
than trace metal contamination. A vecent study comducted by Pott, et.al.,
demonstrated the tumorigenic effect of other fibrous dusts in experi-
mental animals. Omne of the fibrous dusts, palygorskite, was demonstrated
to h= carcinogenic when injected into the pleural cavity of rats. In

this study the incidence of induced tumors with polygorskite was equiv-
alent to that produced by the same dose of chrysotile.

A mineralogical study performed by Enggins6 has shown that attapulgite
and palygorskite are structurally and chemically the same, differing
only in fiber length. 1t may be concluded that since (1) animal studies
with palygorskite have demonmstrated carcinogenic activity and (2) paly-
gorakite and attapulgite are structurally and chemically the same differ-
ing only in fiber length, attapulgire may ba suspected as a potential
carcinogene. These conclusions indicate the need for epidemiological
evaluation of the relation of worker expoaure to attapulgite and poten-
tial adverse health effects.

Personnel Asaéasmen; ‘ | -

‘During our survey an ingpection of the past and present employment
Tecords were made for possible inclusiocn into our mortality study. It
was determined that the personnel records prior to 1940 appeared to bhe
sketchy and often contained only the name of the employee. Those

records afrer 1940 contained the employees name, job classification,
address, social security aumber, birthdate, and etc. Both active and
terminated employment records were available from 1940. It was estimated
that 1200 records of terminated employees and 400 records of active
employees were on file.

CONCLUSION AND RECOMMENDATIONS

From the observations made during this survey and the results of the
measurements made, the following conclusions are drawn and recommen-
dations for improvement made.

1. There appears to be significant exposure to respirable attapul-
gite clay in various processing areas. While no human data presently
exiats to indicate respiratory problems due to such exposuyras, it must
be emphasized that human experience with clay minerals is limited. It
would appear prudent that exposures to respirable clay fibers be kept
at an absolute minimm by the use of good work practices and engineer-
ing controls. The use of brooms and hand brushes for clesning should
be aliminated in favor of much cleamer vacuum methods. In additienm,
thoge persons working in areas of excessively high dust exposure should
be requested to wear respiratory protection umless they have an exist-
ing health problem which prohibitcs this, in ﬁg;gh case, they probably
fo O



should be remsved from this work environﬁen:.

2. It was noted that in some milling areas, fans were being used as
air movers, for personnel cleaning. Consequently, the dustiness of
the operation was intensified in the immediate environment.

3. Good medical practice dictates close medical surveillance of =
thoge involved in these operatioms. It is rocommended that the pro=
posed medical surveiilance program for 1976 include the procedures
indicated in the current asbestos standard (Federal Register, Volume
37, October 18, 1972, Section 1910.93a). This program includes both
pre-employment and annual examinations, consisting of chest roemtgeno-
gram (14" x 17" posterior - anterior), a history to elicit symptomatol-
agy of respiratory disease, and pulmonary functiom tests (FVC and

ml) .

4. Based on the envirommental exposures and the quality of existing
records, the Englehard facility in Attapulgus, Georgia is suitable
for indepth environmental study and mortality study.
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