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Executive Summary

The Marquette Cement Plant in Rockmart, Georgisz was surveyed by z NIGSH tezm
of industrizl hygienists, on March 2 through March 5, 1981, Szmples were
cocllected and analyzed for respirable and total dust, free crystalline silica,
aluminum, cobalt, magnesium, manganese, nickel, other trace elements,

asbestos, and oxides of sulfur.

The respirable and totzl dust levels for most jobs are below recommended
exposure levels, However, four respirazble and three total dust.samples excesd
the ACGIE recommended levels for nuiszance particulate, Four of these samples
were from workers in the packhouse, O0f the dust contaminzants measured, only
gusrtz is present in excessive concentrations. Exposure to quartz was
pTimarily observed in areas of raw materizl handling, Welderz mz2y need to be

monitored for overexposure to welding fumes.



Intrcduction

The Nationzl Institute for Occupational Safety and Health (NIQSH) has
undertaken a2 study toc determine the effects of materizls found in Portiand
Cement facilities on the humarn respiratory system. A representative group of
plants in the United States has been rzndomiy chosen for inclusion in this

study. Marquette Cement in Rockmzrt, Georgiz was the fifth of sixteen plants

to be surveyed.
Each plant survey consisted of:

1. HMedical testing of employees to determire the preavalencs of

respiratory diseass.

2. Envirommental sampling to deterzmine the presence'and coneentration

of various contaminants.
Mediczl and envirommantal testing were pot done during the same week,

This report dezls with the envirommental zspect of the stuéy. The
environmental gurveys are primarily concerned with the composition and
concentration of airboraoe dust particles. It is important to characterize the
presence of toxic contaminants as completely as possible, so that, If

resplratory problems are discovered, the proper contzminant may be implicated



as the cause of diseass. Therefore, toxic gases and metals are also
monitorad. A m2jor weakness of much of the past medical researeh of worker
populations in Portland cement plants is the lack of complete documentstion of
the respiratory hazzards to which workers are exposed., Feor these rezsoms,
comprehensive industrial hygiene surveys are & very important aspect of the

Cement Workers Morbidity Study.

The Marquette Cement plant in Rockmarr, Georgiz was surveyed on Mondzy, Mzarch
2 through Thursday, March 5, 1981 by Charles Connors, Wally Carr, and Wéyna
Sznderson. The Marquette Cement plant is located about one mile morth of
Rockmsrt. The originzl plant began operation inm 1902, but in 1955 z new kiln
was built which replaced 8 old kilms. Tkis kiln is fueled by coal and is the
only one iz use today. The dry process msthod of cement preduction is used.
In 1976 the original limestone quarry wes abandoned; since thaﬁ time grushked
limestone has bzen tzucked in from Rome, Geozgila. Thes plant operates 2 shale
quarry near the plant and a silica sand quarry & miles frem thes plaznt. The
remziping raw materials, iren ore, gypsum, slumina dross, and cozl are brought
in by rail, The plant operztes two taw and two fizish bell mills. Two types

of cement are produced here: a general Portland cemsfif and mssonry cement.



Methods and Results

Personzl Respirable and Totzal Dust Samples

It was pnot feasible mor statisticzlly necesszary to monitor all imdividuszls =t
the planz. Using 2 random numbers tzble, z subset of workers was chosen to
.participate in the study. These selected workers were Tregquested to wear a
‘respirable or total dust sampler. To collect respirable dust, air was pulled
through 2 10 mn oyloz cyclone and a2 polyvinyl chloride filter (PVC) a2t a flow
rate of 1.7 liters per minute (lpm) by a personzl sampling pump. At this flow
rzte, the cyclone separztes the collected airborme dust intec two fractions,

- Those particles considered respirable pass through the cyclcne.and aze
collected on the filter; larger particles or those concsidered to be
non-respirable drop to the bottom of the cyclone and are discarded., The
collection efficiency curve for this cycione 1s presented in Figure 1. As
defined by this curve, particles graater than 10 micrometers in asrodynamic
dizmeter theoretically would not pass through the cyclonms and be deposited on
the filter, Whereas, almost 211 the particles gmaller than 1.5 micfometers in
aerodynamic dizmster would be collected on the filter, (1) The bzsic sampling
apparatus for respirable dust, minus the size selector, iz uged to collect
total airborne dust. Alr is pulled through & PVC filter mounted in =z
polystyrene filter holder at a filow rate of 1.7 lpm. Those particles 20 um
end below are collected fairly efficieatly on the filter msdiz, This of
course depends slso on the direction, spesd, density, and nearness of the
particles to the filter. The filters were weighed on 2 precision balancs te

the pesrest 0,01 milligram (mg), before and after sampling. The weight gzin



COLLECTION EFFICIENCY OF THE PERSONAL RESPIRABLE DUST CYCLONE
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of the filters, the sampling flow rates, and the sampling times were usad to

calculzte airborne dust levels,

Respirable dust levels are reported in Table 2 as milligram per cubic mster
{DUSTMGH3). The results from the respirasble dust sampling are also summarized
in Table 3, with summary statistics computed for eachk exposure category. The
"HMEANT value is an arithmeti; average of a2ll values cobtained in each area; the
"8TD" values are the standard deviations, which is 2 measure of the
verizbility of the data. "GM" and "GSD" are the geomestric mezns and geometric
standard deviations of the sames data respesctively. Geomsfric valuss somsztimes
give a better estimate of expescted values than do normzl arithmetic averages
baczuse the effect of an occasional high value is diminished in celeulating
gecmetric means., Ths NLOD values zre the number of szmples which were lessg
thzn the limit of detection. "MAX" and "MIN" values are maxzximum znd minimum
observed values for samples that had detectable ampounts of materials.
Arithmetic mean respirable dust levels are also charted in Figures 2 and 3 by
process arez and job category respectively, These are presented to provide

ezsy recognition of the highest exposure arzas and job categories.

After weighing, the respirable filters were subjected to analysis by z-rzy
diffraction to determine their content of the crystalline silica polymorphs,
quartz and cristobalite. (2) Crystallipe silica is reported in Tzble 4 as

microgram per cubic meter (QUARTZ) and percent quartz (PCT_SI02). A



value of "N" indicates that the measured quantity was below the zmalytical
lipit of detection. Limits of detection for each method are givenm in Table
1. Samples with detectzble quartz ccacentraticns are zlso shown on Table 5
with their eczlculated MSHA-PEL. This will be discussed in detzil in the

Discussion Section.

Totzl dust levels are presented in Table 6. These results ars summarized in
Table 7. As with the respirable dust levels, arithmetic mezn total dust
levels are charted in Figures 4 and 5 by process arez and job category

respectively.

After welghing, the totzl dust filters were ashed im acid amd zmzlyzed by
atomic abscrption (3) to detect the amount of aluminum (AL), chremium (CR),
cobzlt (CO), magnesium (MG), manganess: (M), eand mickel (NI) present. The
trace mstzl concentraticns are reported in Table 8 as micrograms per cubilc
meter of air (___ UGM3). Once agzin, a value of "F" indicates that the
mezsured quantity wzs below the limit of detection. The limits of detection
for each elemsnt are listed in Table 1. Trace mstal gnzlyses zre summarized
in Tzble 9. The MEAN is the srithmetic mezn of =21l the s;mples with
detectable levels of the particular elements, STD DEV is the standard
deviation of thess samples and is an expression cof the variability of the
elemental concentTations. No cobalt was detected on any of the persomsl teotzl

samples. Only two samples contained chromium, and one sample nickel.



Atez Totzl Dust Samples

Alrborne total dust samples were collected at fized locations throughour the
plant. These areas were selected based on how well they represented the work
station of the employess. These filters were also analyzed for zmount of

zluminum, chromium, cobalt, magnesium, mznganese, and nickel.

The trzce metal concentrations are reported im Table 10 azs micrograms per
cubic meter of air (__ UGM3). The JOB column defines the arez in which the
sample was collected. The six trace metal concentraztions are then given in
the next six columns. The results of the trace metal anzlysis of thes are=
total samples are summarized inm Table 11. HNo c¢cobalt or nickel wzs detected on

any of these arsz samples.

One zrez sample from each exposure category was znzlyzed for content of 30
metzls, These samples were ashed using nitric and perchleric acids and the
residues dissolved in dilute nitric a2cid. The resulting solutions were
anzlyzed for trace metal content by inductively ecoupled plasmz - atomic
enlssion spectroscopy {(ICP-AES). (4) The results of the analysis are reported
in Table 12. For this anzlysis technique, the lower limit of detection is 1.0

ug/filter for sll elemsnts.

 Airborme Fiber Samples

Samples for airborpe fibers and asbestos wvere collected on cellulose ester
filters. These samples are taken with the front of the filters completely
open to the enviromment., Air is drawmn through the filteés at a2 flow rate of
1.7 lpm. These filters are opticzlly analyzed using = phase contrast

microscope. (5) If fibers were detected, they would have besen anzlyzed by



poclarized light and dispersionm stazining, and transmissin electron microscopy

to deterzine whether they wers asbestos fibers,

In this survey 13 samples were collected for fibers. These Szmples were
collected in the raw material crushing and milling zreazs, storages areas, kilnm
and clirnker cooler areas, and along transfer belts, No fibers ware detected

on any of the filters,

Bulk Material Samples

Ssmples of raw material dust, clinker, finished product, and mixtures of dust
were collected for analysis., These samples were generally ccllected from dust
ssttled on ledges or chjects severzl fest above the flocor. For this reason,
it is suspected that these particles were at one tims suspended in sgir before
coming to rest. These bulk mzterizl eampies cannot, however, be considered
airborne samples. This materizl was analyeged for comtent of quartz and
cristobalite by z—ray diffraction; alumizum, chromium, cobslt, magnesium,
manganese, and nickel content by atomic zbsorption; and asbestos content by

polarized light and dispersion staining microscopy.

The results of these analyses are presented in Table 13. The AREA column
lists from what exposure category the samples were taken. The JOB column
lists whether the materizl was felt to be predominmantly raw material, clinker,
finished cemsnt, a mixture of dusts, or other materials such as insulation.
The results of anzlysis are presented as parcent by waight of material., For
example, if 1% of the taw material is quartz, there ie 0,01 gram of gquartz in
esch gram of raw material, The value "N” indicates that the mezsursed gquantity

was balow the enalytical limit of detection.
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Oxides of Sulfur Samples

Samples for sulfate and sulfite particulates znd sulfur dioxide gas were
collected by drawing & knmown volume of air through a filter trzin consisting
of two cellulose ester fiiters in series, Particulzte matter, imcluding
sulfztes and sulfites, is collected on the first filter., Sulfur dioxide
passes through the first filter and is collected on the second filter which
hzs besn impregnated with potzssium hydrozide. (€) The filters were extracted

with delonized water and the extrzcts anzlyzed by ion—-chromotogrzphy.

The results of the oxides of sulfur analyses are listed in Tzble 14. The JOB
column tells where the sample was collected., The S04 UGM3 and S03_UGHM3
columns give the sulfate znd sulfite concentrations in micrograms per cubie
meter; the SO02_PPM column give the sulfur dioxide levels in parts per
miliion. No sulfite particulites were ¢éarected on any of the samples. The

anzlytical limits of detection for these aznalyses are listed in Table 1,

General Comments and Schedule

Control filters were ccllected onr site during the survey, These filters
racelved treatment identical to dust laden filters, except no air was drawn
through the control filters. During each shift, each personal and area
sznpler was periodically checksd for proper operatiom. 1If the szampler was not
operating within specifications, sampler adjustments and appropriate notatiomns

weTe made and, 1f necessary, the results of guch samples were voided.
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The environmental investigations team began sampling Monday, Mzrch 2, 1981,

The sampling schedule was as follows:

Monday, March 2 - 2nd shift

Tuesday, March 3 - lst shift

Wednesday, Mareh 4 - l1lst shift
Wednesday, March 4 =~ 3rd shift
Thursday, March 5 - 1st shift

This schedule wzs used in order to adequately measure environmental

concentration differences due to day-to—day and shift-to-ghift variations.

Plant zreas and the work force were sepzarated intc four exposure catagories

bzsed on the type of airborme dust ezch was subjected to, The categories were:

Taw — expogure to raw materials dust
clinker - exposure to clinker dust
finish - exposure to finished Portland cement dust

miz - exposure to a mixture of two or more types of dust

Although these categories azre somewhat artificial, they are very important to
the design of the study. Generally, the dust particles within 2 category arez
are chemicelly and physically similar; however, between categories the dusts
ere significzatly differsnt. The mix category serves to "cateh™ thoss jobs
such as laborers and repairmen who work throughout the plant or are exposed to

more than one type of dust.
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Discussions and Conclusiocms

This study is designed to determine if the normal function of respiratory
tissue iz impaired because of exposure to gases or particulates found in
Portland cement plants. Samples of airborne particulate were collected in
conjunction with a medical examination thzt included z-rays, splrometry tests,
and symptoms questionnaires. Respiratory problemz asseoclated with exposure to

airborne particulate are influencd by four factors: (7)

1. The type of dust involved
2. Tre length of exposure time
3. The concentration of airborme dusts in the breathing zone

4, The size of the dust particles'

The intent of the envirommsntal portion of the study is to determine the types

and concentrztion of airborne materials to which cement workers ars exposad.

This survey was not coanducted for regulation compliance purposes. This data
presented here is to be usad for correlation with emplovee medical dzta for
occupational hezlth resezrch. Air quality and physiczl egents in Portland
cement plants are currently regulated by Title 30, sszetion 56.5 of the HMineral
Resources Code of Federal Eegulations. The 1973 Threszhold Limit Values,
{(TiV's), adopted by the Amesrican Confersnce of Govermmesntal Industrizl
Hygienists, (ACEIE), zre cited zg the standards which zirborne contaminzsnts
are not allowed to exceed. In this report these standards serve oniy as

teference levels in order for plant personmel to compare the environmental

conditions of their facilicy.
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Personal Respirable and Totzl Dust Szmples

Portland Cement 1s presently considered to be a2 "nuisznce” dust. "Nuisznce"
particulates, by definition, have "little adverse effect on lumgs and do not
produce significant organic disease or tozic effect when exposures are kept
under reasomable control. Generally, the lung—tissue reaction caused by

inhalzation of nuisance dusts has the following characteristics:

1. The architecture of the air spzces rem=zins intact,
2. Collagen (scar tissue) is not formed to & significant extent.

3. The tissue reaction 1s potentially reversible.” (8)

If airborne particulates contain greater than 1X crystalline silicz, then thsy
aTe o longer considered nuisance particulates; they are minerzl dusts. The
MSHA standard for nulsance dusts is 10 milligrams per cubic meter of total

suspended dust. The MSHA standard for mirmezal dusts employs the formula:

PEL = 10 mg/m3
"% respirable quartz + 2

wer

whete the "% respirzble quartz” ig the precent by weight of quarzz in each
gample, and "PEL" 1s the permissible ezposure level, Therefore, each
respirable dust szmple for mineral dust hss an exzposure limit based on its

coutent of quartz.

The emphasis of this survey was oz respirable dust sampling. It is difficult
to compare respirzble dust measurements to the curreatly employed MSHA
nuisznce dust standard which 1s based on total dust levels., We recomzmend
comparison of the respirable dust levels to the 5 mg/m3 TLV for respirzable

nuisance dust recommsnded by the ACGIH.
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Examining the pgrsonal respirable szmples collected from the various jobs,
Table 2, four saméles exceeded 5 mg/m3. Three of these samples werse
collected from workers in the packhouse. Since no crystallioe silica was
detected in these samples, they are considered samples of nuisance dust. The
other sample was from a shift repairman who was working in the mill room znd

at the feed end of the kiln. Since this szmple contained 1,7% quartz, it is a

mineral dust sample. For all workers the geometric mean respirable dust level

wzs 1.41 mg/m3.

Three personal total dust levels, Table 6, excesded 10 mg/m&. One sample
was collected from a packer, one from the plant oiler who works in many zreas
of the plant, and the highest sauple was cobtzined from 2 welder who spent most
of his time in the mzintenance shop cutting and welding metal, Sampling
merthods for nuisance and mineral dusts were used in this survey, The high
gravimetric welght of the welder's sample is due to éarticles of hezavy matal
fume and not nuisance or mineral dust., Since there was such 2 high
gravimetric weight on this lapel collected szmple, welders mzy need to be
monitored with samplers specifically for welding fume. To collect 2 welding
fume sample, a cellulose acetate filter in a closzed-faced cassetté is placed
inside the walder's helpet., After 2 kmown volume of zir is drawn through ths
fiiter, it 1s anzlyzed by x-ray fluorescence spectrometry for content of
metals (chromlium, manganess, 1lrozn, nickel, copper, zins, and cadmium). (20)
Accordinz to ACGIH, welding fume should not ezceed 5.0 mg/m3 for an 8-hour

time weighted average.
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Because of the differences in worker duties and activities, some jobs
consistently encounter higher or lower dust levels than othsr jobs., However,
within a given job category, variability is often slight., Figures 3 and 5
chart the mezanms of the raspirable and totzl dust measuraments respectively,
for each job. Repairmen, laborers, packhouse workers, mill helpers, and
oilers hzd the highest dust exposures, Activities of these workers either
generate considerable amounts of dust, or tzke them into areas of heavy dust
exposure. Most of the other jobs involve activities that do not genesrate much

dust, or the workers were isolated from the dust source by enclosures,

Crystalline Silics

A11 of the raw material bulk samples contained quartz, which is & common
constituent of limsstone, shale, and sand, Grzound raw materizl from the raw
mills and the feed end of the kilm contained 6~7% quartz. The highest
concentraticon of gquartz (4EX) was found in 2 sample from the raw material

cTans.

Twenty personzl respirzble dust samples contained detectzble levels of
quartz. Nineteen of the twenty sanmples were collected from workers komewm to
hzve spent either 211 or part of their shift expos=ed to raw materizl dusts.
A1l of the repzirmen and opz of the laborers with detectable quartz had spent
tine working on the raw mills. Another laborer speant the entire shift
cleaning at the fesd ead of the kiln. The oiler had spent time in severzl
arezs of the plant, including the backend of the kiln and the raw mills.

Although the welder was not observed working in plant areas expeosed to raw
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materizl dust, silicz is a2 common coating of welding reds. It is possible
that his low level quartz exposure came from these welding operatioms. All
other quartz exposures probably came from association with raw msterisls,

since no quartz was detected in any of the clinker or finished cement bulk

samples.

Thers mzy be some variation in quartz concentrztion depending on the
composition of the raw materizls that employees are working with. Also, the
mizing and grinding of various materials containing gquartz will result in a
fange of concentréticna. Therefore, the free silicz concentrations may vary
with zrez and time, The calculated percent of gquartz or the respirzble

filters (Table &) have & rangs of 1.1 - 22.2%.

Tzble 5 lists the jobs with detectable levels of quartz, the percent qusrtz by
wéight in each sample, and the concentration of that dust sllowed by MSHA.
Twelve of the nineteen samples exceed the permissible exposure limit. Eight
of the twenty samples with detectable levels of quartz, contained
concentrations greater thanm 100 ug/mB. Exposures below this level have been

suggested in past ressarch azs safe levels of exposure., (%9,10,11)

Trazce Mstals

The personal totszl dust samples were anaiyzed for the sixz trace metais:
aluminum, chromium, cobalt, wagnesivm, mangzness, and nickel. From the
personzl samples, none of the metals were found in concentrations greater than
the MSEA permissible exposure levels or the ACGIE recommended TiV's. Area

total dust samples were collected throughout the plant and analyzed for the
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same six trace metals, Although we attempted to place the arez samples in
locztions representative of work arezs, these staticmary samples should not be
considered estimates of personel exposure. Their purpose is to documant the
presence of these metals in zirborne particulates znd theilr relative
concentrations. . Aluminum and magnesium are commonly found in the dust
particles. Manganese is occzsionzlly founrd. Only z few samples contzinsd
detectable amounts of chromium or nickel., No cobalt was detected. Aluminum
is present in the greatest concentration, followed by magnesium. Raw
meterizl, clinker, and finished cement dust zll contair aluminum and
magnesium. Variation in the presence of metals and their concentration may be
caused by diffsrences in milling or processing., We chose to mzzsure theses six
metals because nickel and chromium are suspected carcinogens, and saluminum,
magnesium, mangzness, and cobzlt are suspscted pnsumoconiocsis or bronchitis
producing agezts. There are no past studies to indicate that these elemants
will cause any disesase in the form or concantrations foumd in a cemant plant.
This study will lock for correlations betwsen respiratory hezlth problems and

exposures to these elements.

The four samples anzalyzed by ICP-AES were also for purposes of documsnting the
presence of these metals in airborne particulztes and their relative
concentrations. The metals primarily found in all the dust types zre:

aluminum, calcium, iron, magresium, sodium, and potassium,
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Asbestos

In this survey we found no asbestos present irn the raw materizls, NIOSH has
survayed quarries and raw materials associated with cement plants, as well as
other limestone quarries. No asbestos has been found during zny of these
surveys. It is possible th=zt quarried rock mzy be contaminated with zsbestos
fibers due to the occurrence of small deposits of asbestos—bezring rock in the
overburden or the quarried strata. If this occurs at zll, we expsct 1t to be

extremely raze.

Oxzides of Sulfur

Sulfur dioxide concentrztions of 0,01 to 0.02 ppm were found zt the fesd end
of the kilp, kilpn room, and raw mills., These levels are below the ACGIH TLV
of 2 ppm, and MSEA PEL of 5 ppm. These measurements show howsver that
exposure to sulfur dioxide doss occur. Exposures tc greater concentrations
may occur because of breakdowns or breaches iz the kiln exhaust system. Also,
if the sulfur content of the kiln fuel incresses, moTe sulfur diozide may be
produced. Sulfate particulates have not been documented to cause irzitation
or chronic disease. However, there is strong evidence that zsroscls of these
water soluble szlts catalyze thzs comversion of sulfur diozmide to sulfuric
acid, thus potentiating the irritant and reflex bronchoconstrictive effects of
sulfur dioxide, (14) Nevertheless, workers should not experience irritation
or respiratory changes attributable to 502 or gulfates at levels detected at

Marguette, (i, 12, 13)



Background Samples

Sempleg placed upwind of the cement plant exhibit very low levels of dust. Ko
trazce metals, asbestos, or crystalline silica were detected on these
background samples. The background respirable and totzl dust levels may
fluctuzte with changes in atmospherie conditions. These dust levels represent
the dust exzposures pescple would experience by just being in the community.

One approach to datz analysis might be to subtract these dust levels from
measured plant concentratioms, This would give values which represent the
2dditionzl dust burden attzibuted to the operation of this plant. Tables 2
and 3 1list the background respirzble dust levels and their descriptive

statistics.

Conclusion

The respirable znd total dust levels for most jobs st the Marquette Cément
plant in Rockm=rt, Georgla are belowv recommended exposzure levels. Four
samples from workers in the packhouse ezcesded the ACGIE recommanded levels
for nulsance particulates. WNinsteen respirable dust szmwples from workers
associated with raw materials contzined detectable levels of quartz, Twelve
of these samples exceaded the MSHA-PEL for respirable quartz., Maintenanee
welders may need to be menitored for possible overexposure to welding fums.

0f the dust contaminants mezzsured, only Quartz is considered to be present in
excessive concentraticns. Exposure to quartz occurs primarily in faw material

areas of the plant. FProtective measures should be taken.
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Recommendations

Enginesring controls are the meost effective means of reducing worker exposure
to airborne dust. These controls should be maintzined in efficient working
order. Ventilation design toc remove the dust from the air once it is
generated and separatiorn from the dust by enclosing either the worker er the
dust are effective mezns of control. The priority for implementing dust
control measures should begin with areas of highest exposure. Sinecs 12
samples from workers exposed to raw material particulates exceeded the
permiesible exposure limit for quartz, the kiln feed and the raw mill zreszs

would be plces to initizte control efforts.

During clean—up operatlions, workers often use compressed sgir to "blow down”
the work arezs, Thils process resuspends a great dezl of dust. Substitution

with & vacuum system would eliminate this problem.

Although engineering controls are the recommended course of zetion, persomal
protective equipment (respilratorsz and goggles) may be uszed by workers-wvhensver
engineering controls are not available or during mazintenance, repair, and
clean~up operations., The disposable paper or cloth respiraters do not form an
occlusive sezl batween the respirator aand the face. Dust particles would ba
able to pzss through lezks betwzen the respﬁrator and the face.l Whenever
workers ere potentially exposad to excesslve quartz concentrations, quarter or
half mask dust-fums-mist respirators should bg used. The disposable
respirators will, however, provide some protection to workers exposad €O

nulsance particulates. If workers complain of eye irritation, full-face piece
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respizators wmay be used instead of half or gquarter mesk respirators to
alleviate the problems, It is suggested that workers be involved in the
selection of 2 comfortable NIOSE/MSHA approved dust-fume-mist respirator and

be fit-tested to emsure that they are adegquately protected.

Welders mzy need to be monitored for overexposure to welding fume. Hethhds
for collecting welding fume szmples are discusssd in the Discussion Section

and Reference 20,

The corrective actions recommended should be viewed as scientific guidance,
There is no legal reaquirement that you implement any of theses recommendations,
a2nd no assurznce that these actions, if implemsnted, would be ecufficilent teo
prevent future citations for non—-compliance. WNevertheless, it is anticipated
thzat implementation of the recommendaticns listed ir this report will reduce
airborme dust levels at this facility, and improve the enviromnmentzl

conditions of the workplace.
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Table 1
Envircnmental Investigations Branch

Industrizl Hygiene Survey of Cement Workers
Mzrquette Cement, Rockmarg, Georgia

Number of Samples With Detectable Levels of Contaminsnts

# Samples # Samples with Limit of
Contaminant Collected Detectable Conec. Detection
Respirable dust €3 63 0.01 mg
Total dust 20 20 0.01 mg
Quartz 62 20 0.03 mg
Cristobalite 62 o 0.03 mg
Alumirnum 36 20 0.20 mg
Chromium 36 4 0.004 mg
Cobalt 36 0 0.0C5 mz
Magnesium 36 36 0.002 mg
Manganese 36 7 0.002 mg
Nickel 36 1 0.004 mg
Asbestos 13 0 4500 fibers
Sulfate 8 8 0,005 mg
Sulfite 8 0 0.01 mg

Sulfur dioxide 8 7 0,005 me



Table 2

EHVIRONHENTAL THVESTIGATIONS BRANCH
CEMENT MORKERS HORBIDIVY STUDY
HARQUETTE CEHENY ROGCKMART» GEORGTA
PERSONAL RESPIRABLE DUST CONCENTRATIONS, HG/M3
GROUPED BV EXPOSURE AREA

- ANEA=BACKGROUND ——

e o g e e

Job DATE SHIFT DBUSTHGHS
BACKGROUND 02HARAL 2 0.00
BACKGROUHD 03HARSD1 h 3 0.00

AREA=RAU
Joi DATE SHIFTY DU3ITHGHY
KILN FEED OPERATOR 02HARS] 2 0.32
QUARRY TRULCK ORIVER B3HARB) 1 0.24
CRANE OPERATOR (RAW) 63HARBY 1 1.02
FRONT END LOADER 03HARSB] 1 0.24
KILN FEED OPERATOR 03HARAL 1 1.22
LABORER (RAK)Y 04HARAL 3 3.79
KILN FEED OPERATOR oGHARBY 3 2,31
AREA=CLINKER
Joa DATE SHIFTY DUSTHEH3

KILH HELPER 02HARABL 2 1.07

KILH BURNER 02MARBL 2 2.25

KILH DURTNER 03HARBL 1 1.66

KILH BURNER 04HARAL 3 0.75%

KILN BURNER 05HARA1L 1 0.5%

AREASFINISH mm oo e o e et e e e e

Joa DATE SHIFT DUSTHEHMS
BULK LDADER 03IHARBL 1 0.27
PACKER 03MARBL 1 5.00
PACKER 03HARSBY 1 6.96
BULK LOAD SCALEHOUSE 03HARAL 1 0.20
PACKHOUSE FOREMAN 04HARBL 1 5.52
CLEAN UP 05HARDL 1 0.58
BULIK LOADER o5HARSY 1 0.23
PACKER 05HARAL 1 2.05

YA



EHVIROMMEHTAL INVESTIGATIONS BRAHCH
Table 2 CEMENT MORKERS HORBIDIYY SyUDY
HARQUETTE CEMENT NOCKHART» GEORGIA
PERSOHAL RESPIRABLE DUST COMCENTRATIONS. MG/H3
GROUPEN BY EXPOSURE AREA

------------------------------------------------------------- AREA=HIX ————— e e e e e e e ey
Jop DATE SHIFT DUSTHGM3
REPAIRHAN 0211AR81 2 2.48
REPAIRHAN 024{ARAYL 2 3.63
HIX CHEMYISY 02HARS1L 2 0.12
REFPAIRHAN 02HARSY 2 2.06
CRANE OPERATOR 62HARAL 2 .47
HILL HELPER (MIX) 02HARAL 2 2.53%
LABORER 02MARAL 4 1.34
HI¥ CHEWIST 02HARAL 2 0.61
HILL OPERATOR 02HARDY 2 1.11
SHIFY FOREMAN (HIM) 62HARS]L 2 0.79
REPAIRHAN 02HARAL 2 7.24
REPATRHAN 03HARB1 1 0.57
OXILER (GENERAL) 034ARA]L 1 0.79
HILL HELPER (MIX) 03MARAL 1 4.80
CRANE OPERATOR 03HARAL 1 0.13
HILL OPERATOR 03HARA1L 1 0.4a3
LABORER 03MARAL 1 1.16
LABGRER 03HARB]1 1 1.03
OFFICE HORKER 03MARAL 1 0.00
HIX CHEMIST P4MARAL 1 n.72
HIX CHEMIST a4HARBL1 1 0.67
HACHINIST 04MARBL 1 6.75
LARORER 04HARBL 1 8.93
REPAIRHAN 04HARBY 1 .82
REPAIRHAH 09HARSL 1 .63
LARORATORY WORKER 04HARBL 1 b.55
ELECTRICIAHN 04HARS1 1 0.42
COKE CDAL HAMDLER 04HARB] 1 0.55 ,
REPATRHAN 04HARBL 1 1.20
SHIFT FOREMAN 04HARDL 1 0.27
SHIFT FOREHAN 04HARDL 3 0.51
CRANE OPERATOR 04HARBY 3 0.21
REPAIRHAN 0411ARS81 3 0.78
HIX CHEMYST 04HARBL 3 0.40
HILL OPERATOR 04HARBL 3 2.50
HILL HELPER TMIX) 04HARB] 3 3.59
REPAIRMAN 05MARB1 1 0.66
REPAIRHAN 054ARSL 1 0.83%
HILL HELPER (HIX) a5HARAL 1 1.49
OILER (GENERAL) as5HARAY 1 0.82
ELECTRICIAN 05MARAY 1 0.23
CRANE OPERATOR 05HARS] 1 0.5%
LADORER 05HARSL 1 0.3%

9z



ENVIRONMENTAL YHVESTIGATIONS BRANCH
CEMENT WORKERS MORBIDITY STUDY
Table 3 MARGQUEYTE CEMENT ROCKMART . GEORGIA
PERSONAL RESPIRABLE DUST COHCENMYRATIONS, HG/M3

AREA SAHPLES HEAN 57D G6H 650 HLOD HIN HAX

BACKGROUND 2 0.00 0.00 0.0% 1.00 0 0.00 0.00
RAW 7 1.31 1.32 0.79 3.07 0 0.249 3.79
CLYNKER L 1.25 0.70 1.10 1.79 0 0.53 2.25
FIHISH 8 2.61 2.78 1.19 4.38 0 0.23 6.96
HEIX 43 1.22 1.39 0.74 3.04 L] 0.00 7.24
PLANTUIDE 63 1.41 1.61 0.82 3.07 0 0.60 7.24

£z
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ENVIRONMENTAL INVESTIGATIONS RIRAMCH
CEMENT WORKERS MORBIDIVY STUDY
Table 4 MARQUETTE CEMENT NOCKHART, GEORGIA
GUARTZ COMCENTRATION OF PERSONAL RESPIRABLE DUST SAHPLES
GUARTZ COMCENTRATION TN HICROGRAMS PER CUBIC METER (UG/H3)

Jop DATE SHIFT PCT_8I102 QUARTZ AREA
DACKGROUND . D2HARBL 2 M N DACKGROUND
RACKGROUND D3HARBL 1 M N BACKGROUND
KILN FEED OPERATOR 02HARBL 2 H L] NAL
QUARRY TRUCK DRIVER 03HAROL 1 H N RAN
FRONY END LOADENR 03HARAL 1 N H nAl
KILN FEED OPERATOR 03HARAY 1 6.0 73.40 RAW
CRANE OPERATOR (RAW) 03MARO]L 1 2.2 226.87 RAW
KILN FEED OPERATOR 04HAND1 3 6.2 143.51 RAN
LABORER (RAW 04HARGL 3 6.3 240.10 RANW
KILMN HELPER 02HARDL 2 N N CLIMNKER
KILN BURNER 02HARAL 2 H N CLINKER
KILN BURNER 03HARA1 1 H N CLINKER
KILH BURNER 04HARBYL 3 N ] CLINKER
KILN BURNER 05MARAL 1 4] ] CLINKER
BULK LOADER 0D3MARBY 1 H N FINISH
PACKER 03t1ARB81 1 H N FINISH
PACKER 03HARBL 1 N N FINISH
BULK LOAD SCALEHOUSE 03HARB1 1 H N FINISH
PACKHOUSE FOREMAN 04MARGL 1 N N FINISH
BULK LOADER a5HARDL 1 H N FINYSH
PACKER 05HARAL 1 H N FINISH
CLEAN UP 65MARBL 1 H N FINISH
REPAIRHAN 02HARB1 2 2.8 68.56 HIX
REPATHHAN 02HARBL 2 4.0 82.79 HIX

HIX CHEMIST N2HARGL 2 H N MIX
-CRANE DPERATOR 02HARBYL 2 N N MIX
SHIFT FOREMAN (HDX{) o2MARBl 2 N H HIX
HILL OPERATOR 02HARSL 2 N H HIX
HILL HELPER (HMIX) D2HARGL 2 6.2 105,92 HIX
LABORER 02HARBL 2 5.0 66.34 HIX

MIX CHEMIST H2HARBL 2 N N HIX
REPAIRMAN 021ARAL 2 1.1 41.40 HIX
REPAIRMAN 02HARBL 4 1.7 123.41 HIX
OILER (GENERAL) a3HARBL 1 M N HIX
HILL HELPER {HMIX) 03HARB1 1 2.2 107.4% MIx
REPATIIAN 03HANB]L 1 7.7 %3.59 HIX
LABORER 63HARBL 1 N H HIX
LABORER 03IHARBL - 1 N H HIX
CRANE OPERATOR 03HARBL 1 N N HIX
HILL OPERATOR 03HARBL 1 H H M1
OFFICE HORKER 03HARBL 1 H H MIX -
OFFICE WORKER 03HARBYL i H N HIX
HILL HELPER (MIX) o4HARBY 3 2.5 8%.09 HIX
HACHINISY 09HARBL 1 H N HIX

HIX CHEHIST 04HARDL 3 N N HIX
REPATRMAN a4HARDL 1 N N MIX
HILL OPERATOR 04HARSL 3 7.1 176.65 MIX
WELDER 04HARBL 1 . 40.79 HIX

HIX CHEMISY A4HARBL 1 H H HIX
REPAIRHAN 09HARDY 1 H N HIX
SHIFT FOREHAN naHARBL 1 N HY
LABDRER 0aHARDL 1 8.7 #41.08 1[] #4

1]



Table U

EMVIIIOMMENTAL YNVESTIGATIONS BRAHCH
CEMENT WDRKERS HORBIDIVY STUDY

HARQUETTE CEHENT
GUARTZ CONCENTRATION OF PERSOHAL RESPIRABLE DUST SAHPLES
QUARTZ CONCEHTRAYION IH HMYCROGRAHS PER CUBIC HEYER (UG/H3}

Jon

SHIFT FOREMAN
LABOITATORY WORKER
ELECTRICIAN

HIX CHEMIST

COKE COAL HANDLER
REPAIRHAN

CRANE OPERATOR
REPAIRHAN

LABORER
REPAINHAN

HILL HELPER €MIX)
OILER (GENERAL)
ELECTRICIAN
REPAIRNAN

CRAHE OPERATOR

DATE

04HARDY
44HARAL
LT LUE |
n4aHAnal
04HANDL
04MARB1
04HARBL
04HARD1
05HARAL
O05HARBY
05HARS]
05HARS1
05HARB]L
05HARDL
05MARB1L

ROCKMARY, GEORGIA

SHIFTY PCT_SI02

3

et ot et et e (g G et e el e
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QUARTZ

—=ZZ==Z

56.02

=

45.23

==

16% .44
56.49

z

N
H

AREA

HIX
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HEX
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Table 5
Eavironmentzl Investigations Branch

Industrizl Hygiene Survey of Cemant Workers
Mzrquette Cement, Rockmzrt, Georgia

Detectable Quartz Compared to MSHA Permissible Exposure Levels

Levels of Dust Conc, Quartz Conc. MSHA PEL

Job Mg/m3 % Quartz ug/md

Kiln Feed Op. 1.22 6.0 73.40 1.25
Crans Oper. 1.02 =% 22.2 226.87 0.41
Kiln Fesd Op. 2,31 = 6.2 143,31 1.22
Laborer (Raw) 3.79 = 6.3 240,10 1.20
Repairmsn 2.48 * 2.8 £8.56 2,08
Repairman 3,63 =% £.0 82.7% 1.67
Mill Helper (Mix) 2.53 = 4.2 105.62 1.61
Laborer 1,34 5.0 €6.34 1.43
Repairmzn 2,08 1.1 41,40 3.23
Repairman T.24 * 1.7 123,41 2.70
Mill Helper (Mix) &4.80 =* 2.2 107.44 2,38
Repzirm=n 0.57 7.7 43,58 1.03
Mill Heiper (¥Mixz) 3.59 = 2.5 89,09 2,22
Mill Operator 2.50 = 7.1 176.65 1.10
Laborer 0.93 = 8.7 81,08 0.93
Repzirman 1.20 5.7 56.02 1,49
Eepzirman 0.78 5.8 45,23 1.28
Mill Helper (Mix) 1.69 = 9.8 165.44 0.85
Oiler (General) 0.82 6.9 56.49 1,12

%Indicates msasured concentration exceeds the MSHA Permissible Exposure Limit.



ENVIROHHENTAL IMVESTYIGATIONS BRANCH
CEHEHT HONKENS MORBIDIYVY STUDY
HENT ROCKHART » GEDRGIA
PERSOMAL TOYAL DUST CONCENTRATIONS, MG/H3
GROUPED BY EMPDSURE AREA

Table 6 MARGUEYTE CE

R AREASBACKGROUMI = oot ot e e i it
Jos DATE SHIFT  DUSTMGH3
BACKGROUND  02HANAL 2 0.00
BACKGROUND  03MARS] 1 0.00
BACKGROUND  04MARAL 1 n.10
—— e e e e e e —— L 1 e T ——
Jop DATE SHIFT  DUSTHGH3
PRIHARY CRUSHER 03MARDL 1 6.01
KILH FEED OPERATOR 04HARBL 1 3.56
QUARRY TRUCK DRIVER a5HARBL 1 3,99
CRANE OPERATOR (RAM)  OSHARGL 1 4.93
KILH FEED OPERATOR 05HARB1 1 1.15
FRONT ERD LDADER 05HARBL 1 1.66
R - AREASCLINKER - -
Jos DATE SHEFT  DUSTHGM3
KILN BURNER  04MARSY 1 0.99
— — - AREASFINTSH == o e e e e e e e e e
Joa DATE SHIFT  DUSTHGHM3
CLEAN Up 0IMANAL 1 5.20
BULK LOADER  O3HARSL 1 1.22
BULK LOADER  04MARAL 1 0.79
PACKER 04MARSL i 11.30
v AREASHIX -—=
Jop DATE SHIFT  DUSTHGM3
DILER {GENERAL)  a3HARA) 1 10.67
ELECTRIGCYAN 03HARAY 1 1.89
HELDER 03HARAY 1 47.00
OVERHEAD CRANE 03HARAL 1 1.12
HILL OPERATOR 04HARDL 1 2.50
CRANE OPERATOR 04HARD] i 4,31
REPATRHAN 05HARDL 1 4.85
LARORER 05HARDL 1 3.15
SHLFT FOREHAN 05HARAL 1 0.96

£e



Table 7

AREA

BACKGROUND
RAW
CLIMKER
FIMISH
HIX
PLANTWIDE

ENVIROMHENTAL TMVESTIGATIONS BRANCIH
CEMENT UORKERS HORBIDITY STUDY

HARQUEYTE CEHENT

GAHPLES

O D & e

HMEAH

0.03
31.54
0.99
4.65
8.50
5.87

810

4.87
14.73
10.13

ROCKHART, GEONGYA
PERSGONAL TOTAL DUST COMCENTRATIONS, HG/H3

GH

0,02
1.04
0,99
2.76
3.82
3.12

650

3.40
1.92

NLOD

NN -

HIN

0.00
1.15
0.99
0.79
0.%
0.79

HAX

0.10
6.01
0.99
11.30
47.00
47.00

wE
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ENVIRONHENYAL TNVESTIGATIONS BRANCH
CEMENT MORKERS HORBIDITY STUDY
HARQUETTE CEHENT NOCKHART, GEORGIA
Feure 5 PERSOMAL TOTAL DUST CONCENTRATIONS, MG/M3
g ARLTHMETIC MEAN VALUES BY JOB CATEGORY

BAR CHART OF HEANS
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ENVIROMMEMTAL INVESTIGATIONS BRANCH
CEMENT MORKERS MORBIDITY STUDY
Table 8 HARQUETTE CENENT  ROCKHART, GEORGIA
TRACE HETAL COHNCENTRATIONS OF PERSOMAL TOTAL DUST SAHPLES
COMCENTRATIONS IN HICROGRAMS PER CURIC METER (UG/M3)

AREA DATE SHIFT Joa AL_ugh3y cR_UGH3 €o_UGH3 HG_UEM3 HH_UGM3 HI_UGH3
RAW 05MARBL 1 KILN FEED OPERATOR 34 H H 16 H N
RAW 0511ARA1 1 FRONT EKD LOADER N N 8 H

RAKM 05MARSBL 1 CRAHE OPERATOR (RAW) 100 H N 21 N H
RANH 05HARS1 1 KILN FEED GPERATOR H H N 7 N H
RAN 05HARBY 1 QUARRY TRUCK DRIVER 32 H N 9 N H
CLINKER 04HARSL 1 KILN BURMER N N N 5 N H
FINISH 03HARG1 1 CLEAN UP 7 H N 40 H H
FINISH 03nARDL 1 BULK LOADER N N N 7 H H
FINISH 04t1AR8Y 1 BULK LOADER N N N 7 4 H
FINISH 04MARB1 1 PACKER 93 ] H 101 N H
HIX 03MARS1L 1 OILER (GENERAL) 174 ] H 78 2 N
HIX 03HARSL 1 ELECTRICIAN N N H 12 H ]
HIX 03HARAL 1 HELRER 671 11 ] 366 49 5
MIX 049HARBY 1l CRANE GPERATOR 47 ] N 23 N N
HIX 04HARB1 1 HILL OPERATOR N H H 9 N H
HIX 0511ARa1 1 LABORER 35 N H 30 N H
HIX 05MARBL 1 SHIFV FOREMAN N N H 4 H H
MIX 05HARDL 1 REPAIRMAN 68 7 N 31 26 H

LE



Metal
Aluminum
Chromium
Magnesium
Mzngzneesse

Nickel

Table §
Environmental Investigations Branch

Industrizl Hyglene Survey of Cement Workers
Marquette Cement, Rockmart, CGeorgia

Summary fer Personzl Trace Metzl Concentzatious in
Milligrams per Cubic Meter

N Means Std.dev. Minimum | Mzxzimum
10 133 ug/m3 193.79 32 ‘ 671
2 9 2.52 7 11
18 43 86.73 & 366
4 20 22.13 2 49

1 5 0 5 5
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Table 10

AREA

BACKGROUMD
BACKGROUND
BACKEROUND
RAH

RAU

RAW

RAK

RAH

RAU
CLINKER
CLINKER
CLINKER
FINISH
FINISH
FINISH
FINISH
FINISH
FINISH
HIX

HIX

HIX

DATE

02MARGL
03MARAL
0411ARAL
pzZHARABL
03Hanal
04HARSY
o5HARSL
05HARS1
05HARSL
02MARDL
03HARAL
05HARBL
#2HARA]L
03HARSL
09HARBL
05MARSL
05HARAL
05HARAL
02HARE]L
D3IHARGL
04HARDL

SHIFTY

2

o et P ot e il etk D e b P b et ket et D

ENVIRONHENTAL INVESTIGATIONS BRANCH
CEHENT WORKERS MORBYDITY SYUDY

HARQUETTE CEHENT
TRACE METAL COMCENTRATIONS OF AREA TOTAL BUST SAMPLES

RDCIKNART, GEDORGIA

CONCENTRATIONS IH HICROGRANS PER CUBIC MEVER (UG/H3)

Jos

BACKGROUND
BACKGROUND
BACKGROUND

DACIKK EHD OF KILMN
PRIMARY CRUSHER
FEED END RAM HIIL3
RAH MILLS

FRINARY CRUSHER
FEED END RAM MIILS
CLINKER CODLER
FROHNT END OF KILN
KILH ROONM

BAGGING

BAGGING

FINISH SILO TUNNEL
BAGGING

FINISH BALL HILLS
FINISI! BALL HILLS
HILL ROOM

OVERHEAD CRAME
HAINTENANCE SHOP

AL_UGM3

CR_UGH3

N

160

231

=
MIZZZZTZIZTZIZZZIZZTZIZINZZz=2

=
[

CO_UGH3

AT ZSIITZIZITIIZZIZZIZzZZZIZ

HG_UGH3

101

MH_UGH3

[

MZTEZNZTZZTZZZZTZIZIZZWZZZZ

NY_USM3

M
H
H
H
H
H

=

- A A A -
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Table 11
Environmental Investigations Branch

Industrial Hyglene Survey of Cement Workers
Marquette Cemant, Rockmart, Georgils

Summary for Fersonal Trace Metal Concentratioms Per Cubic Meter Micrograms

Metzl N Mezns Std. Dev. Minimum Maxzimum
Aluminmem 10 259 mg/m3 402,86 36 1378
Chromium 2 11 5.66 7 i5
Magnesium 20 41 63,82 1 261

Manganezse 3 7 5.65 2 13



Metals

Aluminum
Calcium
Chromium
Copper
Iron
Magnesium

Phosphorus

Potassium
Sodium
Titanium
Zine

51

Table 12
Environmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
Marquette Cement, Rockmart, Georgia

Trace Metals Concentrations as Mesasured by ICP-AES
Concentrations in Micrograms per Cubic Mater (ug/m3)

Exposure Areas

Feed End

of Kiln Clinker-Cooler Packhouss Miil Room
13.37 133.71 20.50 28.17

320.65 1709.1C 554,72 ‘ 587,80
N 5.68 N 16,02
N § .45 N ¥
12.75 81.81 17 .68 33.77
3.70 55,61 12,58 26.24
K N N 3.86
29,82 108.75 9.62 16.40
8.64 45,72 8.77 i3.89
N 10,87 N ' N
N 702.17 N 47.66



Table 13
AREA JOB
RAW INSULATIOHN
RAW A MATERIAL
RAU RAW MATERIAL
RAW RAW MATERIAL
RANW RAW MATERIAL
RAU RAW MATERIAL
RAW RAW MATERIAL
RAUW RAW MATERIAL
CLINKER CLINKER
CLINKER CLINKER
CLINKER CLINKER
CLINKER CLINKER
CLINKER CLINKER
FINISH FINISH
FINISH FINISH
FINISH FINISH

ENVIROHMEKTAL

INVESTIGATIONS BRANCH
CEMENT WORKERS MORBIDITY STUDY
ROCKMART , GLEORGIA

MARQUETTE CEMENT
ANALYSIS OF PULK MATERIAL PRESENTED AS PERCENT BY WEIGHT
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ENVINOMHENTAL INVESTIGATIONS BRANCH
CEMENT WIRKERS HORBIDIVY STUDY
Table 1l HARGUETTE CEMENT ROCKHART, GA.
80X CONCEMTRAVIONS

Jon ' DATE SHIFT AREA S04_UGHI S03_UGH3 502_PPH
BACK END OF KILM 03HARDB]L 1 RAK 31.51 N 0.01
BACK END OF KILM o3Hansl 1 RAY 35.38 H 0.0l
FEED ERD} RAH HITILS 03Hanal 1 RAW 08.75 H n.o2
BAG HOUSE 04HARBY 1 RAM .21 N n.0%
FEED EMD RAW HIILS DGHARNBL 1 AN 15.70 N 0.01
FEED END RAM MIILS nsHAanal 1 RAY 18.94 N H
DISCHARGE STACK (BOTTOH) 05HARBL 1 RAW 16.50 N 0.01
KILN ROOH 05HARBL 1 CLINKER $9.48 M 0.01

£y
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Physiological Respomse

The main functiorn of the lungs is to keep ths oxyger and carbon diocxide
content of the arterial blood within a certain narrTow ramge. In order to
accompiish this, the lungs must bring the blood in contaect with the air. The
lunzgs azre ventilated by z bellows action, when the chest cavity 1s exzpanded by
the contraction of the diaphragm. This creates a pegative pressure in the

lungs czusing air to rush im.

When a person breathes, zir is drawn through the nocse into the nasophzrynx aznd
trachea. From there it reaches the alveolil or arez of gas exchange through a
systen of ducts: the browchi, respirztory bronchicles, zznd the terminzl
bronchioles., It is in the alveoll where the blcod is oxygenmzted and carbon
dioxide diffusss into the lungs to be excreted. Deaposition of airborne
particies occurs as 2 conzegquence of ssverzl different physical processss. Of
tTimary concerm are sedimentatiom, ipertizl impaction, and diffusien.
Sedimentation is simply the settling cut of particles onto respirztory tissue
under the influence of gravity. Inertizl impaction occurs when the momentum
of particles belnog carried slong iz anm ailr current carries them slong their
originzl path when the air current changes direction. The particles may thsn
be deposited on the surface of respiratory tissue. Besides sedimermtsztion and
impaction, very small particles are zffected by diffusiocn., Since movamsnt of
small particles in alr is completely randem, those that are in close proximity

to the alveolar wall are likely to collide with it znd hence be deposited. (13)
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In order to remove particles from the respiratory system, twoc separate
mechanisms are present. Those particles deposited in the upper airways are
renmoved by the mucociliary escazlater. In the upper azirways there is z series
of tiny hairs cor cilia which are continually sweeplng mucous and particles
upward toward the throzt. The mucous provides a sticky layer to capture and
hold the particulate, while tﬁe ciliz remove it from the respiratory system.
In the terminal bronchicles and the a2lveoli, deposited mzterizl is removed by

phagoeytes; or cells which asctually consume the particles and digest them.

Pzoblems arise, however, when the respiratory system is overcome. Whensvar .
there is a high concentration of dust, the mucociliary escalator znd the
phagocytes may cot be able to remove all of the partieles. Also, the

particles may possess unigque properties which prevent the naturzl defemses of

the lung from eliminating them.

It is the intent cof this study to determine which materizls may be taxic to
the respiratory system, and what congentration znd duration of exposure may

produce physiclogiczl changes,



