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Introduction

The National Institute for OCcupational Safety and Health (NIOSH) has
unc:lerway industry-wide s1:Uclies to assess the chronic health hazards from
occupational exposure to respirable fibers. These stuclies include
epidemioloqical s1:Uclies of exposed worker populations to determine health
effects which may be attributecl to the work environment, medical studies
to assess chronic health effects, and detailed industrial hyqiene studies to
characterize the various aqents to which these workers have been exposed.

Curinq the week of March 22-26, 1976, blph zumwalcle, Robert Wheeler (ALQSH),
Robert Delmaqe, Terry Boyle,~ Roberts, and Robert Phillips conducted an
industrial hyqiene survey of Enqelhard Minerals and Chemicals Corporation,
Attapulqite Clay facillty, in Attapulqus, Georqia. 'l'he purpose of the survey
was to evaluate worker exposures by collectinq samples of airborne attapulqite
clay and charaCi:er1z:Lnq the dust composition. Approximately 200 airborne
samples were collected at the various milllnq operations. Of these 200
samples 150 were personal breathinq zone samples collected for the determination
of respirable and total dust concentrations. In adclition, for each of the job
cateqories a representative number of personal samples were randomly selected
for free silica determinations. The -remaininq 50 airborne samples were
qeneral area samples collected at various mill processinq operations. These
samples were analyzed for free silica, trace metals, (Cd, Co, cr, Fe, Mn, Ni,
zn) and electron microscopy characterization. In acldition to the airborne
samples, settled dust samples were also collected. at clifferent processinq
OPerations. These samples were analyzed in the same manner as the -airborne.
Some hiqh noise levels were apparent due to mill processfnq operations: con­
sequently, sound level measurements were taken at various locations within
the mill.

The followinq paraqraphs describe the sampllnq and analytical methods
employed, sample results, conclusions and reccmmenclations drawn for workplace
improvements and- worker safety. To help reduce duplication of infomation, a
copy of the Auqust 26, 1975 Preliminary Industrial Byqiene Survey ·Report of
the Enqelhard Minerals and ChemicaJ.s Corporation facility is attached.
(Appendix I) This report documents the mininq and millJ.nq processes, medical,
industrial hyqiene and safety practices at the facility and discusses the
potential problems with the inhalation of airborne- attapulqite clay.

Survey Procedures

The major portion ot the survey was devoted to the collection of personal
breathinq zone samples tor documentinq employee exposures at various millinq
processes. Personal air samples were collected on the employees to determine
time-weiqhted averaqe (OXWA) exposures to respirable and total dust in add!don
to free silica. Samples for airborne respirable and total dust were collected
at a flow rate of 1.7 liters per minute (lpm.) on 37 mm diameter pre-weiqhed
MSA Type FWS (polyvinyl chloride) filters. Total dUst samples were collected
open taced with respirable dust samples collected with 10 mm nylon cyclone .



separators. Total dust samples were also collected for trace metal analysis
on 37 DIZll diameter pre-weiqhed Millipore Type AA (cellulose ester}· filters.
At various millinq operations total dust samples were collected on Millipore
Type AA tilters and analysed by transmission elec:tron miCroBCCPY usinq
selected area electron diffraction and energy dispersive X-ray analysis for
characterization of particulate morphology and chemical composition. (1)

Free silica concentrations were detezminec! usinq X-ray diffraction as specified
in the NIOSH Silica Criteria. Oocument. (2) 'l'ract! metal analyses for Cd, Co, cr,
Fe, MD, Ni, and ZI1 were performed by atomic absorption spectroscopy on
.elected air and settled dust semples. Samples collected for transmission
electron microscopy evaluation were performed on a JEOL JEM 100-s side entry
transmission electron microscope wi.th an attached EOAX ene:'9'Y dispersiVB

X-ray analyzer.

Sound level measurements were taken at various millinq operations for
identifyinq potential excessive noise sources. These measurements were made
usinq a General Radio 1565A sound level meter on the dBA-weiqhted scale.

Sample ReBults

Attached in Appendix II is a brief description of each job within the mill
and also the mine, a description of samplinq and anal.ytical methods utilized, ,
results of all individual samples, and appropriate summary statistics. All
job cateqories have been identified by a 4 diqit job code. The first 2
diqits represent the qeneral 'work area while· the. last 2 diqits correspond.
to specific jobs within those areas. Tabular summaries of time-weiqhted
averaqe exposures by job cateqory for free silica and respirable and total
mass dust samples (attapulqite) are qiven in Table 1. Presented in Table
2 is a summary of the trace metal analyses of ~ettled dust samples collected
at various locations within the mill.

Time-weiqhtec! averaqe ('IWA) free silica exposures calculated for each job
cateqory were within acceptable limits as recommended by moSH. (2) Some
individual personal respirable samples indicated free silica exposures ex­
ceedinq the NIOSH recommended '1'WA standard of 0.050 mq/m3 • However, there
is same questions as to the interpretation of these concentrations since the
analysis for free silica on each sample was reported near the lower detection
limit of the analytical methocl (0.02 mq per filter). All trace metal analyses
performed on collected airborne samples resulted in levels comparable to the
lower detection limit of the analytical method~ hence, air sample concentrations
(ppm) for trace metals reported in Appendix II reflect less than detectable
values. The trace metal (Cd, Co, er, Fe, Mn, Ni, Zft) analyses of the settled
dust samples, as indicated in Table 2, substantiates the low values found in
the ai.r samples. Iron was the only trace metal found i:i any appreciable
quantity (1.0-2.4').

Reported. in Table 1 are t.ime-weiqhted ayeraqe ('1'WA) airborne exposures of
total and respirable dust (attapulqite clay). All '1'WA concentrations for
respirable dust were below 5 mq/mJ , however, some 'IWA concentrations for
total dust exceeded 10 mq/m3 • Since there is currently no specific
occupational heal~ standard for attapulqite clay the standards for .inert
or nuisance dusts are applicable. At present the Mine Enforcement and Safety



Administration (MESA) dust standard is 5 fM!/m,3 respirable and 10 mq/mJ
total, while the OCcupational Safety and Health' Administration (OSHA)
dust standard is 5 mqjm3 respirable me: 15 mq/m3 total.

Selected airborne samples, which were collected at various locations
within the mill, were prepared for particulate characterization by
transmission electron microscopy ('rEM). 'I!he~e samples demonstrated
attapulqite clay at varyinq concentrations. The morpholocnr of the par­
ticulates vas similar on all .amples ~ i.h individual clay fibers beinq
more numerous on samples c:olleetee! near the dryers and at the Raymond
Mills. FieJUn8 1,2, and 3 are typical '1'EM photo microqraphs of air-
borne attapulqite. Illustratecl in Fiqure 4 is a microc:bemical X-ray spec­
trum of attapulqitee 'l'his spect:um vas obtained from a 5 micrometer di­
ameter attapulqite particulate. This spee:tr1ml (Mq, Al, Si, trace of Fe)
substantiates the chemical CClIIIPOsition as 'attapulqite clay.

All 'l'E:M samples were prepared in a clean hood utiUzinq 200 mesh formvar/
carbon coated qricls. The clissolution of the sample onto a 'rEM qrid was
preparecl. with a modified ortiz Jaffe Technique. (3) Samples were evaluated
at 17,OOOX, 20,000X and 50,OOOX magnification with an accelerated electron
voltaqe of 100 lev.

Illustrated in Table 3 is A suzm:aary of airborne attapuJ,qite fiber size data.
These measurements (diameter and lenq'th) were determined at 20,000X maq­
nification. As indicated in Table 3, fibers demonstrated lenq'ths of 0.1
to 2. 5 micrometers and cliameters of' O. 02 to 0.1 micrometers. There appeared
to be an affinity for fiber conqlomeration into jaqqecl particulates that
raJ1qed in cliameter from 0.5 to 5.0 micrometers. This characteristic is
clemonstrated in Piqure 2.

Sound level measurements ranqecl from 103-105 elBA near the crusher to 73-75
dBA inside the control room at the dryers. All sound level measurements
are reported in Appendix II.

Discussion

The clata shows that t.ime-weiqhted averaqe total dust concentrations
for millinq and baqc;inq operations were sametimes excessive. Althcuqh free
silica concentrations were within acceptable l.imits, there is a potential,
for excessive airborne concentrations for millers, shippers, laborers, and
.crean operators. With a moderate free silica content (3' to 411I) associated
with hiqh dust levels, the potential for inducinq respiratory health problems

.is enhanced. Because of the mobiUty of the employees within some of the
jab catoqories these hiqh concentrations were not demonstrated in their time­
veiqhted averaqes.

It vas noted durinq this survey that chanqes were beinq made to improve the
exhaust ventilation at same baqc;inq stations and that a new baqqinq system
was beinq installed on on. of the product Unes. These improvements shoulc!
help reduce dust concentrations in these immediate areas, but adc!itional



measures to reduce spills, improve clean-up procedures, and maximize exhaust
ventilation systems appears waranted.

Some areas wi.thin the mill had sound level measurements exceedinq 90 dBA.
Mes1: job duties 1n these areas did not necessitate the need for employees to
be present any appreciable amount of time. It was observed, however, that
most employees did wear hearinq protection when workinq in these areas.
'fhare were sClile work areas (i.e. ba9'9inq at Raymond Mill, near dryers, pugmill,
etc.) that had sound level mea~ements between as and 90 dBA. It has been
documented 1n the NIOSH Noise criteria. Document (4) that a to 10 hour time-weiqh~eC
averaqe exposures to sound levels between as and 90 dBA can induce hearinq
impa1ments. 'l'harefore, it is recommended that employees exposed to these
levels be requested to wear hearinq protection. It is also suqguted that
employees be made aware of areas which have excessive noise levels. Se-
cause of the range of sound levels found throughout the mill it would be

. advisable to initiate a hearag conservation proqram with periodic hearinq
exami nations.

Because of the radiant heat em!tted from the dryers there is a potential for.
heat stress for these employees worJc1nq in this area. Althouqh employees are
furnished: with an enclosed work station near the dryers there is a considerable
amOunt of time spent working around the dryers. Employees workinq in this
area should be made aware of the,potential heat stress problems alonq with
iDfOz:matiOD on how to prevent and recoqnize abnormal health symptoms, as well
as how to treat employees suffering from heat stress. It would be feasible .
to reduce the radiant heat from the dryers Cy. insulatinq the dryers I exterior.
The init.ial cost for ad.c:t1nq insulation could be recovered from the reduced
energy needed to maintain a given temperature within the dryers.

As was discussed in our preliminary survey reponof November 13,1975
. (Appendix I) there is same concern reqarding the respiratory health hazards
associated with the inhalation of fibrous minerals. Documented in that
report was the research performed Cy SCIlla investiqators who demonstrated
tumorigenic effects of fibrous dusts in experimental animals. (5,6) In
another study which was performed by Davis, (7) a series of mineral dusts were
injected. into the pleural cavities of mice in order to test their relative
f1berqenicity. It was demonstrated that the deqree of cellular qranulomata
adhesions which were found between the lunqs, c:liaphraqm and ches't wall
were dependent upon particu1a'te sue and morphology. The hiqhest deqree of
fibrosis w1th1.n the qranulomata was demonstrated usinq lonq fibrous minerals
with a decraasinq UIOW1t of fibros±s w±th shorter fibers and particles.
Potttsl, iri a recent assessment of his research, has concluded 'that fibers
with diameters les8 than 1 micrometer and lengths qreater than 5 micrometers
are more likely to stimulate tumor fO%m&tion. In an onqoinq 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. Like
the Davis and Pott studies, the incidence of pleural sarcomas is dependent
upon fiber size rather than physicochemical properties. Preliminary animal
results by Stanton using attapulqite clay suqgest a lower probability of
pleural sarcomas than that demonstrated with asbestos or micro-fine fibrous
glass. However, current animal research dictates that all respirable fibers
be viewed 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

- -

Job Respirable Mass Total Mass Dust Concentrations (attaou12ite)
Title Free Si02 Free Si02 Respirable Mass Total ~ss

q/m3 q/m3 mg/m3 mg/m

0200 Stationary Samples - - 9.90* 15.94
(Milling Operations)

0201 Crane Operator <0.030* <0.030* 0.16 0.52

0202 Rammer Mill Opere <0.031 <0.033* 0.41 0.46*

0203 Pugmill Oper. <0.028 <0.122 1.40 6.45

0204 Dryer Opere <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*

0207 Miller No. 1 <0.029 0.084* 1.15 n.47*

0208 Miller No. 2 <0.028* _. 2.10 15.54*

0210 Raymond Miller <0.028* - 1.42* 9.12*

0213 Screen Opere <0.021 0.110* 3.24 22.34

0300 Stationary Samples - - 2.04 12.62
(Bagging Operations)

0301 Lead Person <0.014 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

0305 Bag Press Oper. <0.029* - 0.72*

Note: (*)
(-)

Represents one sample
No sample collected

Lawer l~t of detection for Si02 was 0.02 mg per filter

NIOSR recommended time-weighted average standard for free silica in respirable dust
is 0.050 mg/m3 •



Table 2

Engelhard Minerals and Chemicals Corporation
Summary of the trace Metal Analyses

Settled Dust Samples

Trace Metals (POlll)
Samo1e Location Cadmium Cobalt Chromium ~ Iron !iaganese Nickel Zinc

11, Near Bagging 1.3 3.0 105.0 18000.0 443.0 52.0 72.0
Operation at (1.8%)
Raymond Mill

62, Same Area as 0.9 6.0 103.0 15100.0 240.0 24.0 74.0
"1

63, Settled Dust 1.7 38.0 66.0 21500.0 481.0 1190.0 80.0
Behind Dryers

#4, Settled Dust 4.0 9.0 64.0 10000.0 689.0 17.0 60.0
underneath •

Rammer Mill

#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' 21000.0' 322.0 20.0 107.0
at Bagging
Operation Number
3 Mill

#7, Same Area as 3.2 25.q 113.0 23600.0 438.0 25.0 94.0
#6



Table 3

Engelhard Minerals and Chemicals Corporation
Summary of Airborne Attapulgite Fiber
Size Data as Determined by Electron

Microscopy

Fiber Count Range Geometric
Measured Median' ." Micrcmeter (WD) Standard

Kicrcmeter Cllm) Deviation

Diameter 0.07 0.02-0.1 3.14

Length 0.4 0.1 -2.5 3.0
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PLACE VISI'l'!D:

DAtE OF VISIT:

PERSONS HAltING VISIT:

PERSONS CON'tACTED:

PURPOSE OF VISIT:

Engelhard lUnerala aDd Chemical
Corporation

Attapulgus. Georgia

August 26, 1975

noSH
DFSCI
Dav1c1 IrOW'l1

. Dave Bayliss
John Dement
ialph ZUDJalde

Hr. Thomas Halone - Plant Manager
Hr. B..D. Culton - B.esearch Department
!!fr. Gordon Searcy - Safety Manager

To observe the mining aDd m1J ] ing of
attapulgite clay aDd to take prelimin­
ary air samples for eharacterization
of airborne attapulgite dust. An
evaluation of perscnmel records was
also performed for possible inclusion
in future nOSH martality studies •.
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INTRODUCTION

As part of the National Institute for Occupational Safety_ 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 tbp Engelhard Minerals
and Chemieal Corp., Attapulgus, Georgia. This visit was made by David
Brown, Dave Bayliss, John Dement and Ralph Zumwalde of the Division of
Field Studies and Clln1c:al Investigations on August 26, 1975. Dur1Ii.g
this visit observations were. made of manufacturing processes and control
measures in addition to preliminary air sampling for characterization of
attapulgite clay. Also, Mr. Bayliss and Mr. Brown evaluated personnel
records for possible inclusion in future mortality studies.

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

Discussion of Attapulgite Clay

Attapulgus clay, commanly called attapulgite after the principal min­
eral it contains, is a crystalline hydrated magnesi~aluminumsili­
cate with a unique chain structure that gives it unusual colloidal and
sorptive properties. It is the principal member of a group of sorptive
clays known collectively as fuller's earth.

Attapulgite has a wide variety of industrial applications. Colloidal
grades are well known thickening, gelling, stabilizing, and thixotropic
agents in products as paint and drilling muds. Sorpt1ve grades find
use as decolorizing and clarifying agents, filter aids, floor absor­
bents, animals litter, pesticid~ 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· ~th attapulgite are
viscous and thixotropic. However, 1.mlike bentonite, attapulgite is
not flocculated by electrolytes.

. . ,

Attapulgite is found inecouomic quantities only in the Georgia -
Florida are~ of the JJnited States-,-!n_India_~d_:1.:n_the So~~~_-p'nion._

In the Soviet Union the mineral has been given the name palygorskite.
United Statesproduct10n is estimated at 300,OOO--to--400,OO-O tous a
year.

As mined, attapulgus clay contains 70% to 80% attapulgite; 10% to 15%
mon~rillon1te, sepiolite, and other clays; 4% to 8% quartz; and 1%

1 !")..... ~



to 5% calcite or dolomite. Much of the non-clay fractions are removed
during processing so that commercial products can contain up to 85% to
90% attapulgite. Bec.ause of its high sorptivity in 'its natural form, it
can take up water rapidly to 200% of its own weight. This value is
surpassed only by that of montmorillonite and !epiol1te. (MDst of this
water is loosely held by Van der Waals forces. )

DESCRIPTION OIP THE PACn.ITIES

Production_at this plant started around 1920 using two mills, designated
#1 and 12, which produced only granular (large particle size) attapul­
gite clay. The plant was named the Attapulgus Clay Company, which was
jointly owned by Standard Oil 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 of petrol­
eum. 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 and Pill Corporation.

In 1967 the 12 mill was revamped for the installation of the Raymond Mill.
With this new air separation mill a finer clay was produced. According
to Mr. Malone, plant manager, the Engelhard Mineral Company purchased
the company in 1968.

The company awns a substantial amount of acreage in both Georgia and
Plorida. , At this time there are 3 active strip mines, one, in Florida
and the other two in Georgia.

At the present time; the company employs approximately 395 people, 79 of
which are salaried, 70 are employed in a catalyst plant, 44 wor~ in the
mines with the rema1n1ng being employed in the milling and shipment of
attapulgite clay. The employment turnover varies but tends to be higher
for uon-whites; between 1968 and 1974 approximately 200 non-whites ter­
minated employment. The company consists of 60% white and 40% non-white
employees with both past and present workers teqding to live within a .
30 mile radius. The company operates on 3 shifts/day working 5 and
somet:1mes 7 days a week. "The employees were originally organized by
the United Stone 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 (AFt-CIO).



DESCRIPTION O! TRE 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 as much as 12 feet or more and may occur in two dis­
-tinctl&yus- separated-by-a strat1.ftI! ~f sana -calc:1te (llUroc:k) varying
from a few inches to a foot or more in thickness.

In all three of Engelhards active mines, the conventional open pit
strip m1n.iDg methods are used. In the mining of the clay the over­
burden is first removed by dragline or by Euclid earthmovers UDtil a
substantial area of the clay has been exposed. Since the quality
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 are 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
processed through the plant. The clay is usually mined with power
shovels aDd loaded into covered trucks for transportation 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 on the product line, a stra­
tum of clay is removed from the shed by overhead cranes and deposited
in the c~hers. This crude clay contains about 50% volatile matter,
principaly free and combined water. Once the clay has been conveyed to
the crusher (hammerm1lls and/or rolls) it is reduced to granules or
flakes of approximately 1/2 inch size or smaller.

If the clay is to be eX1:ruded (enrusious improves absorptivity) it
proceeds from the roll crusher to a pugmill where sufficient water
is added to yield an extrudaLb.le mass. The pugmill discharge is fed
to a 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

ooperate over a range of 300 to 1200 F, depending on the grade being
produced.

For the ~ruded grades of clay the discharge from the crusher by­
passes the pugging and extruding steps and goes' directly to the same
dryer as the extruded clay.

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

'1 ;['.o



variety of fine grades. The DIOstcommon granular grades classified by
the sifters are in the 15/30, 30/60, and 60/90 mesh size ranges. In
certain cases, the granular products may be 'recycled to the dryer for
further calcination. The fine grades which are in the 100 to 325 mesh
range are classified and sent to the finish product -bins. If stUl
finer grades are needed, the 100/325 mesh clay is sent through the
Raymond Mill where it is a:'..:o separated into a product which is 95%
fiDer than 10 ID1crous.

Because of the diverse recycling system between all stages of m.1lling,
sifting, grinding, and drying; all waste material and dust from the
bag house collectors can be reused by reconstitution through the ex­
truding process.

After all size reduction and classification the finished product is
conveyed to a storage area where it is bagged or shipped in bulk by
truck or rail. 2

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

MEDICAL, nmUS'I'lUAL HYGIENE AND SAF'E'l'Y PROGRAM

The company has recently started giving pre-employment examinations
consisting of a chest ~ray and physical examination, however, there
are no periodic physical exams. All medical examinations are handled
through local physicians (Drs. Charles Bellville and Abby Woods) re­
tained as cOtlSultants. It was indicated that the company platlS an
extensive medical program for 1976 including hearing and pulmonary
function tests with periodic ~rays.

-According to corporation personnel, 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 does not have an industrial hygienist on the staff; how­
ever, the company does have the services of Mr. T.D. Oulton, who
handles all environmental problems of Engelhard Minerals and Chemical
Corp. Some air sampling has been performed by the -company to deter­
mine free silica exposures. Total dust samples indicate free silica
exposures around 3 mg/m3• 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 levels approaching 90 dB.



The safety program a: the facility is coordinated through Mr. Gordon
Searcy, Safety Manager. There is an established monthly safety meeting
in which an alternating representative from each department attends
along with thr.ee Union representatives. The employees -are required to
wear hard hats and are encouraged to wear safety shoes and protective
eye glasses. .

INSPECTION OF THE PLANT

Potential Safety and Health Hazards

The following are potential health and safety hazards noted during
this survey:

1) Eye and respiratory exposures to airborne attapulgite clay.
2) High noise exposure in some areas. •
3) Possible heat stress in dryer oven area.
4) Possible free silica exposures.

Housekeeping

In general, ~e environment through out the milling operationS was
fairly dusty. Areas around the Raymond mill and hammer mill appear(:d
to be dustier th.an others. Most of the airborne clay appeared to bE;

contributed by leaks in the clay conveyor system. Nearly all floor
cleaning in the mills was performed with hand brooms.

SURVEY PROCEDURES

The major portion of the survey was devoted to observation of manu­
facturing procedures, exposure control practices and plant personnel
record accessment. Bulk samples of the finished products along with
a limited number of air samples were collected for the purpose of
characterizing attapulgite clay. The air samples were collected in
the areas of the -Raymond Mill and the bottom floor of the 13 mill.
The collection mediums used were 37" !DID Millipore type AA celloluse
ester membrane filters (O.8\JID pore size), simultaneously with a 37
!DID nucleopore membrane filter (0.8 \JID pore size) both of which were
calibrated at a flow rate of 2.0 LPH~
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Laboratory evaluation of the collected air samples was performed using a
JEOL 100-B side entry transmission electron microscope along with an
attached EDAK energy dispersive x-ray analyzer. The collected samples
were on a 200 mesh, formvar/carbon coated grid for observation by trans­
III1ssion electron microscopy. Utilizing this method, the collected
attapulgite clay was analyzed at 10,000, and 20,000x magnification to
determine i:.o morphology. To document and verify the obs8rVl:d fibrous
clay at these magnificatious. simultaneous energy dispersive x-ray
analysis was performed to detem.iDe the elemental make-up.

IESOLTS AND DISCUSSION

Industrial Hygiene

Due to problems in preparing the air samples for analysis, diffi-
culty was expertenced in ascertaining the relative "free" clay fiber
exposure. Since individual clay fibers are physically attracted to
each other, it is difficult to determine if the clusters of clay fibers
were ortginally airborne as c:ollglcmerates or 1£, through handlug,
preparation and/or static electricity, the individual fibers readhered
with one another. ae1ativefree (:1ndividu8.l) fibers as well as lllaDy
small clusters of 3-10 fibers were observed in the samples. Average
fiber diameters for the free fibers appeared to be less than 0.1 ~
nth an average length of approximately 1.0 lJlIl. AD elemental analysis
was performed by energy dispersive x-ray to substantiate the presence
of attapulgite clay. Figure 2 shows a micrograph of rypical fibers
seen in these samples in addition to the attapulgite x-ray spectrum.
These fibers were campared with standards for attapulgite obtained from
the Smithsonian Institute.

Our specific concern with attapulgite clay is its potential to form
fibrous crystal structUres of approximately <0.1 ~ dia.. and 1.0 lJlIl
leqth which if airborne, may be respirable and harmful to health.
Although the respirability of airborne fibers is not clearly under-
stood it is

3
thought to be mainly dependent on the fiber diameter. .

T1mbrell'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. e. eguivaient Stokes' diameter). Fibers with densities less
than 3.5 g/~ and less than 3.5 ~ in diameter may escape deposition
by these two mechan.1sms and penetrate deeply into the lungs. Free
airborne attapulgite fibers satisfy both the density and fiber diameter
requirements as stated above and may be considered potentially respirable.



Anim91 atudies performed by Pott4 have shown that the fibrouS structure
of chrysotlle, with lengths of 2-3 um, are carc1nogenic. Pott concluded
that fiber shape and size was a more important factqr 1:L carcinogenesis 5
thaD trace metal contamination. A recent study conducted by Pott, et.al. ,
demonstrated the eumorigenic effect of other fibrous dusts 1:L experi­
meDtal animals. One of the fibrous dusts, palygorskite, was demoustrated
to l\: carc1Dogen1c when 1:Ljected into the pleural cav1t:y of rats. In .
this study the :1Dcidence. of 1Dduced tumors with poljgorskite was equiv­
alent to that pl:'ociuc:ed by the. same dose of chrysotlle.

A·mineralogical study performed by Hugg1DsD has shawn that attapulgite
and palygorsk.1te are structurally and chem1c:ally the same·, differing.
ouly :1D f1bel:' length. It may be cOllCluded that since (1) SlI1mal studies
with palygorskite havedemoustl:'ated c.arc1Dogenic activity and (2) paly­
gorskite and sttapulgite are sttucturally and chemically the same d1ffer­
1:Lg ouly 1:L fiber length, attapulgite may be suspected as a potential
~cinogene. These conclusions indicate the need for epidemiological
evaluation of the relation of worker exposure to attapulgite and poten­
d.al adverse health affects.

Personnel Assessment

.During our survey an :1Dspection of the past and present employment
l:'ecords were made for possible 1:Lclus1on into our mortality study. It
was determ1Ded that the personne.! records prior to 1940 appeared to be
sketchy and often contained ouly the name of the emt'loyee. Those
rec:~rds after 1940 contained the employees~, job classification,
address, social. security number, birthdate, and etc. Both active and
term1.nated employment records were ava:llable from 1~40. It was estimated
that 1200 records of terminated employees and 400 records of active
employee were on flle.

CONCLUSION AND RECCMKENDAIIONS

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 :1D various processing areas. 'While no human data presently
exists to 1:Ldic:ate respiratory problems due to such exposure, 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 aD absolute minimum by the use of good work practices and engineer­
1:Lg controls. The use of brooms and hand brushes for cleaning should
be el:!min.a.ted in favor of much cleaner vacuum methods. IIi addition.
those persons working 1:L areas of excessive.!y high dust exposure should
be requested to wear respiratory protection unless they have an exist­
ing health problem which prohibits this, in whi%h case, they probably

Gll _i
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should be removed from this work enviromnent.

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

3. Good med.1c:al. practice dictates·· close 1ki:dical surveUlanc:e of
thOS.InwlvEtd- iD.-these-operatians·:- -It-18- i~c01lllDeUdedthat the -pro;';'-·
posed medical surveillance 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 roentgeno­
gram (14" z 17" posterior - antenor), a history to elicit symptomatol­
ogy of respiratory disease, and pulmonary function tests (FVC and
lEVl)·

4. Based. on the enviroumen.tal exposures and the quality of existing
recorda, the Englehard fac1l1ey in Attapulgus, Georgia is suitable
for 1ndepth enviroumen.tal study and mortality seudy .
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Figure 2·

Engelhard Minerals aDd. Chemical Corporation
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