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Executive Summary

The Marquette Cem,ent Plant in Rockmart, Georgia was surveyed by a NIOSE team

of industrial hygienists, on March 2 through March 5, 1981. Samples were

collected 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 total dust levels for most jobs are below recommended

exposure levels. However, four respirable and three total dust samples exceed

the ACGIH recommended levels for nuisance particulate. Four of these samples

were from workers in the packhouse. Of the dust contaminants measured, only

quartz is present in excessive concentrations. Exposure to quartz was

primarily observed in areas of raw material handling. Welders may need to be

monitored for overexposure to welding fumes.
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Introduction

Th,e National Institute for Occupational Safety and Health (NIOSH) has

undertaken a study to determine the effects of materials found in Portland

Cement facilities on the human respiratory system. A representative group of

plants in the United States has been randomly chosen for inclusion in this

study. Marquette Cement in Rockmart, Georgia was the fifth of sixteen plants

to be surveyed.

Each plant survey consisted of:

1. Medical testing of employees to determine the prevalence of

respiratory disease.

2. Environmental sampling to determine the presence and concentration

of various contaminants.

Medical and environmental testing were not done during the same week.

This report deals with the environmental aspect of the study. The

environmental surveys are primarily concerned with the composition and

concentration of airborne dust particles. It is important to characterize the

presence of to~ic contaminants as completely as possible, so that, if

respiratory problems are discovered, the proper contaminant may be implicated
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as the cause of disease. Therefore, toxic gases and metals are also

monitored. A major weakness of much of the past medical research of worker

populations in Portland cement plants is the lack of complete documentation of

the respiratory hazards to which workers are exposed. For these reasons,

comprehensive industrial hygiene surveys are a very important aspect of the

Cement Workers Morbidity Study.

The Marquette Cement plant in Rockmart, Georgia was surveyed on Monday, March

2 through Thursday, March 5, 1981 by Charles Connors, Wally Carr, and Wayne

Sanderson. The Marquette Cement plant is located about one mile north of

Rockmart. The original plant began operation in 1902, but in 1955 a new kiln

was built which replaced 8 old kilns. This kiln is fueled by coal and is tha

only one in use today. The dry process method of cement production is used.

In 1976 the original limestone quarry was abandoned; since that time crushed

limestone has been trucked in from Rome, Georgia. The plant operates a shale

quarry near the plant and a silica sand quarry 8 miles from the plant. The

remaining raw materials, iron ore, gypsum, alumina dross, and coal are brought

in by rail. The plant operates two raw and two finish ball mills. Two types

of eem-ent are pI'odueed here: a general Portland ct:mefit and masonry cement.



Methods and Results

Personal Respirable and Total Dust Samples

It was not feasible nor statistically necessary to monitor all individuals at

the plant. Using a random numbers table, a subset of workers was chosen to

participate in the study. These selected workers were requested to wear a

respirable or total dust sampler. To collect respirable dust, air was pulled

through a 10 mm nylon cyclone and a polyvinyl chloride filter (PVC) at a flow

rate of 1.7 liters per minute (lpm) by a personal sampling pump. At this flow

rate, the cyclone separates the collected airborne dust into two fractions.

Those particles consid,ered respirable pass through the cyclone and ar,e

collected on the filter; larger particles or those considered to be

non-respirable drop to the bottom of the cyclone and ~re discarded. The

collection efficiency curve for this cyclone is presented in Figure 1. As

defined by this curve, particles greater than 10 micrometers in aerodynamic

diameter theoretically would not pass through the cyclone and be deposited on

the filter. Whereas, almost all the particles smaller than 1.5 micrometers in

aerodynamic diameter would be collected on the filter. (1) The basic sampling

apparatus for respirable dust, minus the size selector, is used to collect

total airborne dust. Air is pulled through a PVC filter mounted in a

polystyrene filter holder at a flow rate of 1.7 lpm. Those particles 20 um

and below are collected fairly efficiently on the filter media. This of

course depends also on the direction, speed, density, and nearness of the

particles to the filter. The filters were weighed on a precision balance to

the nearest 0.01 milligram (mg), before and after sampling. The weight gain

4



FIgure 1 COLLECTION EFFICIENCY OF THE PERSONAL RESPIRABLE DUST CYCLONE
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of the filters, the sampling flow rates, and the sampling times were used to

calculate airborne dust levels.

Respirable dust levels are reported in Table 2 as milligram per cubic meter

(DUSTMGM3). The results from the respirable dust sampling are also summarized

in Table 3, with summary statistics computed for each exposure category. The

"MEAN" value is an arithmetic average of all values obtained in each area; the

"SID" values are the standard deviations, which is a measure of the

variability of the data. "GN" and "GSD" are the geometric means and geometric

standard deviations of the same data respectively. Geometric values sometimes

give a better estimate of expected values than do normal arithmetic averages

because the effect of an occasional high value is diminished in calculating

geometric means. The NLOD values are the number of samples which were less

than the limit of detection. "MAX" and "MIN" values are maximum and minimum

observed values for samples that had detectable amounts of materials.

Arithmetic mean respirable dust levels are also charted in Figures 2 and 3 by

process area and job category respectively. These are presented to provide

easy recognition of the highest exposure areas and job categories.

After weighing, the respirable filters were subjected to analysis by x-ray

diffraction to determine their content of the crystalline silica polymorphs,

quartz and cristobalite. (2) Crystalline silica is reported in Table 4 as

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

6
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value of "N" indicates that the measured quantity was below the analytical

limit of detection. Limits of detection for each method are given in Table

1. Samples with detectable quartz concentrations are also shown on Table 5

with their calculated MSHA-PEL. This will be discussed in detail in the

Discussion Section.

Total dust levels are presented in Table 6. These results are summarized in

Table 7. As with the respirable dust levels, arithmetic mean total dust

lev,els are charted in Figures 4 and 5 by process area and job category

respectively.

After weighing, the total dust filters were ashed in acid and analyzed by

atomic absorption (3) to detect the amount of aluminum (AL), chromium (CR),

cobalt (CO), magnesium (MG), manganes~(MN), and nickel (N!) present. The

trace metal concentrations are reported tn Table 8 as micrograms per cubic

m,eter of air (_ UGH3). Once again, a value of -N" indicates that the

measured quantity was below the limit of detection. The limits of detection

for each element are listed in Table 1. Trace metal analyses are summarized

in Table 9. The MEAN is the arithmetic mean of all the samples with

detectable levels of the particular elements. SID DEV is the standard

deviation of these samples and is an e%pression of the variability of the

elemental concentrations. No cobalt was detected on any of the personal total

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



Area Total Dust Samples

Airborne total dust samples were collected at fixed locations throughout the

plant. These areas were selected based on how well they represented the work

station of the employees. 'rhese filters were also analyzed for amount of

aluminum, chromium, cobalt, magnesium, manganese, and nickel.

The trace metal concentrations are reported in Table 10 as micrograms per

cubic meter of air ( UGM3). The JOB column defines the area in which the

sample was collected. The six trace metal concentrations· are then given in

the n,ext six columns. The results of the trace metal analysis of the area

total samples are summarized in Table 11. No cobalt or nickel was detected on

any of these area samples.

One area sample from each exposure category was analyzed for content of 30

metals. These samples were ashed using nitric and perchloric acids and the

residues dissolved in dilute nitric acid. The resulting solutions were

analyzed for trace metal content by inductively coupled plasma - atomic

emission spectroscopy (ICP-AES). (4) The results of the analysis are reported

in Table 12. For this analysis technique, the lower limit of detection is 1.0

ug/filter for all elements.

Airborne Fiber SamDles,

Samples for airborne fibers and asbestos were collected on cellulos,e ester

filters. These samples are taken with the front of the filters completely

open to the environment. Air is drawn through the filters at a flow rate of

1.7 lpm. These filters are optically analyzed. using a phase contrast

microscope. (5) If fibers were detected, they would have been analyzed by

8



polarized light and dispersion staining, and transmissin electron microscopy

to determine whether they were asbestos fibers.

In this survey 13 samples were collected for fibers. These samples were

collected in the raw material crushing and milling areas, storage areas, kiln

and clinker cooler areas, and along transfer belts. No fibers were detected

on any of the filters.

Bulk Material Samples

Samples of raw material dust, clinker, finished product, and mixtures of dust

were collected for analysis. These samples were generally collected from dust

settled on ledges or objects several feet above the floor. For this reason,

it is suspected that these particles were at one time suspended in air before

coming to rest. These bulk material samples cannot, however, be considered

airborne samples. This material was ana!yzad for content of quartz and

cristobalite by x-ray diffraction; aluminum, chromium, cobalt, magnesium,

manganese, and nickel content by atomic absorption; 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 material was felt to be predominantly raw material, clinker,

finished cement, a mixture of dusts, or other materials such as insulation.

The results of analysis are presented as percent by weight of material. For

e~mple, if 1% of the raw material is quartz, there is 0.01 gram of quartz in

each gram of raw material. The value "N" indicates that the measured quantity

was below the analytical limit of detection.

9
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Oxides of Sulfur Samples

Samples for sulfate and sulfite particulates and sulfur dioxide gas were

collected by drawing a known volume of air through a filter train consisting

of two cellulose ester filters in series. Particulate matter, including

sulfates and sulfites, is collected on the first filter. Sulfur dioxide

passes through the first filter and is collected on the second filter which

has been impregnated with potassium hydroxide. (6) The filters were extracted

with deionized water and the extracts analyzed by ion-chromotography.

The results of the oxides of sulfur analyses are listed in Table 14. The JOB

column tells where the sample was collected. The 804 UGM3 and S03 UGM3

columns give the sulfate and sulfite concentrations in micrograms per cubic

meter; the S02_PPM column give the sulfur dioxide levels in parts per

million. No sulfite particultes were detected on any of the samples. The

analytical limits of detection for these analyses are listed in Table 1.

General Comments and Schedule

Control filters were collected on site during the survey. These filters

received treatment identical to dust laden filters, except no air was drawn

through the control filters. During each shift, each personal and area

sampler was periodically checked for proper operation. If the sampler was not

operating within specifications, sampler adjustments and appropriate notations

w,ere made and, if necessary, the results of such sa:lllpies were voided.
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The environmental investigations team began sampling Monday, March 2, 1981.

The sampling schedule was as follows:

Monday, March 2 - 2nd shift

Tuesday, March 3 - 1st shift

Wednesday, March 4 - 1st shift

Wednesday, March 4 - 3rd shift

Thursday, March 5 - 1st shift

This schedule was used in order to adequately measure environmental

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

Plant areas and the work force were separated into four exposure categories

based on the type of airborne dust each was subjected to. The categories were:

raw - exposure to raw materials dust

clinker - exposure to clinker dust

finish - exposure to finished Portland cement dust

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

Although these categories are somewhat artificial, they are very important to

the design of the study. Generally, the dust particles within a category area

are chemically and physically similar; however, between categories the dusts

are significantly different. The mix category serves to "catch" those 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 Conclusions

This study is designed to determine if the normal function of respiratory

tissue is 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 that included x-rays, spirometry tests,

and symptoms questionnaires. Respiratory problems associated with exposure to

airborne particulate are influencd by four factors: (7)

1- The type of dust involved

2. The length of exposure time

3. The concentration of airborne dusts in the breathing zone

4. The size of the dust particles

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

and concentration of airborne materials to which cement workers are exposed.

This survey was~ conducted for regulation compliance purposes. This data

presented here is to be used for correlation with employee medical data for

occu~ational health research. Air quality and physical agents in Fortland

cement plants are currently regulated by Title 30, section 56.5 of the Mineral

Resources Code of Federal Regulations. The 1973 Threshold Limit Values,

(!LV's), adopted by the American Conference of Governmental Industrial

Hygienists, (ACGIE), are cited as the standards which airborne contaminants

are not allowed to exceed. In this report these standards serve only as

reference levels in order for plant personnel to compare the environmental

conditions of their facility.
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Personal Respirable and Total Dust Samples

Portland Cement is presently considered to be a "nuisance" dust. "Nuisance"

particulates, by definition, have "little adverse effect on lungs and do not

produce significant organic disease or toxic effect when exposures are kept

under reasonable control. Gsnerally, the lung-tissue reaction caused by

inhalation of nuisance dusts has the following characteristics:

1. The architecture of the air spaces remains intact.

2. Collagen (scar tissue) is not formed to a significant extent.

3. The tissue reaction is potentially reversible." (8)

If airborne particulates contain greater than 1% crystalline silica, then they

are no longer considered nuisance particulates; they are mineral dusts. Tne

MSEA standard for nuisance dusts is 10 milligrams per cubic meter of total

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

PEL =- 10 mg/m3

% respirable quartz + 2

where the "% respirable quartz" is the precent by weight of quartz in each

sample, and "PEL" is the permissible exposure level. Therefore, each

respirable dust sample for mineral dust has an exposure limit bas;ed on its

content of quartz.

The emphasis of this survey was on respirable dust sampling. It is difficult

to compare respirable dust measurements to the currently employed MSHA

nuisance dust standard which is based on total dust levels. We recommend

comparison of the respirable dust levels to the 5 mg/m3 TLV for respirable

nuisance dust recommended by the ACGIH.
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Examining the personal respirable samples collected from the various jobs,
-

Table 2, four samples exceeded 5 mg/m3• Three of these samples were

collected from workers in the packhouse. Since no crystalline 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 and

at the feed end of the kiln. Since this sample contained 1.7% quartz, it is a

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

was 1.41 mg/m3•

3Three personal total dust levels, Table 6, exceeded 10 mg/m. One sample

was collected from a packer, one from the plant oiler who works in many areas

of the plant, and the highest sample was obtained from a welder who spent most

of his time in the maintenance shop cutting and welding metal. Sampling

methods for nuisance and mineral dusts were used in this survey. The high

gravimetric weight of the welder's sample is due to particles of heavy metal

fume and not nuisance or mineral dust. Since there was such a high

gravimetric w,eight on this lapel collected sample, welders may need to be

monitored with samplers specifically for welding fume. To collect a welding

fum,e sample, a cellulose acetate filter in a closed-faced cassette is placed

inside the welder's helmet. After a known volume of air is drawn t~rough the

filter, it is analyzed by x-ray fluorescence spectrometry for content of

metals (chromium, manganese, iron, nickel, copper, zine, and cadmium). (20)

According to ACGIH, welding fume should not exceed 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 other jobs. However,

within a given job category, variability is often slight. Figures 3 and 5

chart the means of the respirable and total dust measurements respectively,

for each job. Repairmen, laborers, packhouse workers, mill helpers, and

oilers had the highest dust exposures. Activities of these workers either

generate considerable amounts of dust, or take them into areas of heavy dust

exposure. Most of the other jobs involve activities that do not generate much

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

Crystalline Silica

All of the raw material bulk samples contained quartz, which is a common

constituent of limestone, shale, and sand. Ground raw material from the raw

mills and the feed end of the kiln contained 6-7% quartz. The highest

concentration of quartz (48%) was found in a sample from the raw material

crane.

Twenty personal respirable dust samples contained detectable levels of

quartz. Nineteen of the twenty samples were collected from workers known to

have spent either all or part of their shift exposed to raw material dusts.

All of the repairmen and one of the laborers with detectable quartz had spent

time working on the raw mills. Another laborer spent the entire shift

cleaning at the feed end of the kiln. The oiler had spent time in several

areas of the plant, including th,e backendof the kiln and the raw mills.

Although the welder was not observed working in plant areas exposed to raw
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material dust, silica is a common coating of welding rods. It is possible

that his low level quartz exposure came from these welding operations. All

other quartz exposures probably came from association with raw materials,

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

samples.

There may be some variation in quartz concentration depending on the

composition of the raw materials that employees are working with. Also, the

mixing and grinding of various materials containing quartz will result in a

range of concentrations. Therefore, the free silica concentrations may vary

with area and time. The calculated percent of quartz on the respirable

filters (Table 4) have a range of 1.1 - 22.2%.

Table 5 lists the jobs with detectable levels of quartz, the percent quartz by

weight in each sample, and the concentration of that dust allowed by MSRA.

Twelve of the nineteen samples exceed the permissible exposure limit. Eight

of the twenty samples with detectable levels of quartz, contained

3concentrations greater than 100 ug/m. Exposures below this level have been

suggested in past research as safe levels of exposure. (9,10,11)

Trace Metals

The personal total dust samples were analyzed for the six trace metals:

aluminum, chromium, cobalt, magnesium, manganese, and nickel. From the

personal samples, non,e of the metals were found in concentrations greater than

the MSRA permissible exposure levels or the ACGIH recommended !LV'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 area samples in

locations representative of work areas, these stationary samples should not be

considered estimates of personal exposure. Their purpose is to document the

presence of these metals in airborne particulates and their relative

concentrations •. Aluminum and magnesium are commonly found in the dust

particles. Manganese is occasionally found. Only a few samples contained

detectable amounts of chromium or nickel. No cobalt was detected. Aluminum

is present in the greatest concentration, followed by magnesium. Raw

material, clinker, and finished cement dust all contain aluminum and

magnesium. Variation in the presence of metals and their concentration may be

caused by differences in milling or processing. We chose to measure these six

metals because nickel and chromium are suspected carcinogens, and aluminum,

magnesium, manganese, and cobalt are suspected pneumoconiosis or bronchitis

producing agents. There are no past studies to indicate that these elements

will cause any disease in the form or concentrations found in a cement plant.

This study will look for correlations between respiratory health problems and

exposures to these elements.

The four samples analyzed by ICP-AES were also for purposes of documenting the

presence of these metals in airborne particulates and their relative

concentrations. The metals primarily found in all the dust types are:

aluminum, calcium, iron, magnesium, sodium, and potassium.
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Asbestos

In this survey we found no asbestos present in the raw materials. NIOSE has

surveyed quarries and raw materials associated with cement plants, as well as

other limestone quarries. No asbestos has been found during any of these

surveys. It is possible that quarried rock may be contaminated with asbestos

fibers due to the occurrence of small deposits of asbestos-bearing rock in the

overburden or the quarried strata. If this occurs at all, we expect it to be

extremely rare.

Oxides of Sulfur

Sulfur dioxide concentrations of 0.01 to 0.02 ppm were found at the feed end

of the kiln, kiln room, and raw mills. These levels are below the ACGIH TLV

of 2 ppm, and MSEA PEL of 5 ppm. These measurements show howev,er that

exp,osure to sulfur dioxide does occur. Exposures to greater concentrations

may occur because of breakdowns or breaches in the kiln exhaust system. Also,

if the sulfur content of the kiln fuel increases, more sulfur dioxide may be

produced. Sulfate particulates have not been documented to cause irritation

or chronic diseas,e. However, there is strong evidence that aerosols of these

water soluble salts catalyze the conversion of sulfur dioxide 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 S02 or sulfates at levels detected at

Marquette. (1, 12, 13)
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Background Samples

Samples placed upwind of the cement plant exhibit very low levels of dust. No

trace metals, asbestos, or crystalline silica were detected on these

background samples. The background respirable and total dust levels may

fluctuate with changes in atmospheric conditions. These dust levels represent

the dust exposures people would experience by just being in the community.

One approach to data analysis might be to subtract these dust levels from

measured plant concentrations. This would give values which represent the

additional dust burden attributed to the operation of this plant. Tables 2

and 3 list the background respirable dust levels and their descriptive

statistics.

Conclusion

The respirable and total dust levels fOT most jobs at the Marquette Cement

plant in Rockmart, Georgia are below recommended exposure levels. Four

samples from workers in the packhouse exceeded the ACGIH recommended levels

for nuisance particulates. Nineteen respirable dust samples from workers

associated with raw materials contained detectable levels of quartz. Twelve

of these samples exceeded the MSEA-FEL for respirable quartz. Maintenance

welders may need to be monitored for possible overe::tposure to welding fU1!le.

Of the dust contaminants measured, only quartz is considered to be present in

excessive concentrations. E::tposure to quartz occurs primarily in raw material

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

Engineering controls are the most effective means of reducing worker exposure

to airborne dust. These controls should be maintained in efficient working

order. Ventilation design to remove the dust from the air once it is

generated and separation from the dust by enclosing either the worker or the

dust are effective means of control. The priority for implementing dust

control measures should begin with areas of highest exposure. Since 12

samples from workers exposed to raw material particulates exceeded the

permissible exposure limit for quartz, the kiln feed and the raw mill areas

would be plces to initiate control efforts.

During clean-up operations, workers often use compressed air to "blow down"

the work areas. This process resuspends a great deal of dust. Substitution

with a vacuum system would eliminate this problem.

Although engineering controls are the recommended course of action, personal

protective equipment (respirators and goggles) may be used by workers-whenever

engineering controls are not available or during maintenance, repair, and

clean-up operations. The disposable paper or cloth respirators do not form an

occlusive seal between the respirator and the face. Dust particles would be

able to pass through leaks betw,een the respirator and the face. Whenever

workers are potentially exposed to excessive quartz concentrations, quarter or

half mask dust-fume-mist respirators should be used. The disposable

respirators will, however, provide some protection to workers exposed to

nuisance particulates. If workers complain of eye irritation, full-face piece
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respirators may be used instead of half or quarter mask respirators to

alleviate the problems. It is suggested that workers be involved in the

selection of a comfortable NIOSH/MSRA approved dust-fum,e-mist respirator and

be fit-tested to ensure that they are adequately protected.

Welders may need to be monitored for overexposure to welding fum,e. Methods

for collecting welding fume samples are discussed in the Discussion Section

and Reference 20.

The corrective actions recommended should be viewed as scientific guidance.

There is no legal requirement that you implement any of these recommendations,

and no assurance that these actions, if implemented, would be sufficient to

prevent future citations for non-compliance. Nevertheless, it is anticipated

that implementation of the recommendations listed in this report will reduce

airborne dust levels at this facility, and improve the environmental

conditions of the workplace.
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Table 1

Environmental Investigations Branch

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

Number of Samples With Detectable Levels of Contaminants

24

n Samples I Samples with Limit of
Contaminant Collected Detectable Cone. Detection

Respirable dust 63 63 0.01 mg

Total dust 20 20 0.01 mg

Quartz 62 20 0.03 mg

Cristobalite 62 0 0.03 mg

Alu:minum 36 20 0.20 mg

Chromiu:m .36 4 0.004 mg

Cobalt .36 0 0.005 mg

Magnesiu:m 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 dio::dde 8 7 0.005 mg



Table 2
EHVIROM1ENTAl UIVESTIGATIONS eRAt1C1I

CENENT WOOJ<EI1S NORBIIlITV STUDY
MARQUETTE CEHENT ROCI(HART. GEORGIA

PERSONAL RESPIRABLE OUST CONCENTRATIONS. HGIN3
GROUPED BV EXPOSURE AREA

--------------------------------------------------------- AREA=BACKGROUHO ----------------------------------------------------------

JOB

BACI<GROUHO
BACI<G1WUHD

DATE

02NAR81
03NAR81

SnIFT

2
1

DusntGHl

0.00
0.00

------------------------------------------------------------- AREA=RAW -------------------------------------------------------------

JOB DATE snIff DUSntGN3

KILN FEED OPERATOR 02HAR81 2 0.32
QUAI1RY TRUCK DRIVER 03HAR81 1 0.24
CRANE OPERATOR (RAW) 03NAR81 1 1.02
FRONT END LOADER 03HAR81 1 0.24
KILN FEED OPERATOR 03NAR81 1 1.22
LABORER (RAW) 04HAR81 3 3.79
KILN FEED OPERATOR 04NAR81 3 2.31

----------------------------------------------------------- AREA=CLINKER -----------------------------------------------------------

JOB DATf SHIFT DUSTltGHl

KILN HELPER 02"AR81 2 1.07
KILN BURNER 02"AR81 2 2.25
KILN BURNER 03HAn81 1 1.66
KILN BURNER OI\HAR81 1 0.75
KILN BURNER 05HAR81 1 0.53

----------------------------------------------------------- AREA=FINISH ------------------------------------------------------------

JOB DATE SHIFT DUSntGHl

BULK LOADER 03HAr181 1 0.27
PACKER 03".o\R81 1 5.00
PACKER 03HAR81 1 6.96
BUU( LOAD SCALEflOUSE 03".o\R81 1 0.28
PACIOIOUSE FOREHAN OI\tlAR81 1 5.52
CLEAN UP 05HAR81 1 0.58
BUI.I( LOADER 05HAR81 1 0.23
PACKER 05NAR81 1 2.05

N
111



Table 2
ENVIROIflEHTAl INVESTIGATIONS BIlAHCJI

CENENT WOIll<EIlS tlORBIOIlV STUDV
NARQUETTE CEHENT "OCI<HART, GEORGIA

PERSONAL RESPIRABLE DUST CONCENTRATIONS, HGlHl
GROUPED BY EXPOSURE AREA

______________________________________________________------- AREA=HIX -------------------------------------------------------------

JOB DATIE SlnfT DUSTtlGH3

REPAIRHA" 02"AROI 2 2.48
"EPAm"AN 02"A"01 2 3.63
HIX CIIENIST 02HAROI 2 0.12
I1EPAIRHAN 02tlAROI 2 2.06
CRANE OPERATOR 02HAROI 2 0.47
HILL tlElPE" (HIX t 02HA"01 2 2.53
LABOREI1 02HAROI 2 1.34
HIX CIIEHIST 02HAROI 2 0.61
HIll OPE"ATOO 02HAIl81 2 1.11
SHIFT FOIlEHA" (NIX) 02HAR81 2 0.79
REPAIItHAN 02HAR81 2 7.2't
I1EPAIItHAN 03HAlt81 1 0.57
OIlEIt (GENEItAU 03HAR81 1 0.79
NILL HELPER (HIX) 03HAlt01 1 4.60
CItANE OPEItATOIt 03HAlt61 1 0.13
HILL OPEItATOIt 03NAROI 1 0.83
LABORER 03NAR81 1 1.16
LABORER 03tlAR81 1 1.03
OFFICE WORKER 03tlA"81 1 0.00
HIX CtlENIST lt4NAROI 1 0.72
NIX CIIEt1IST 04NAROI 1 0.67
HACIIIHIST MNAR81 1 0.75
LABORER 04HAROI 1 0.93
REPAIRHAN 04HAR81 1 0.02
REPAIRHAN 04HAR81 1 0.63
LABORATORY WORKER O'lNAR81 1 0.55
ELECTRICIAN MHAR61 1 0.'t2
COKE COAL HAHOLER O4NAROI 1 0.55
REPAIIU1AN 04HAI181 1 1.20
SIIIFT FORENAN 04HAROI 1 0.21
SIIIFT FOREttAN 04HAR61 3 0.51
CRANE OPERATOR 04HAI181 J 0.21
REPAIRHAN 04HAR81 ] 0.78
HIX CHEHIST 0411AR81 3 0.40
HILL OPERATOR 04NAR61 3 2.50
HILL tlELPER (NIX) MHAROI J 3.59
nEPAIRHAN 05HAROI 1 0.66
REPAIRttAN 05HAROI 1 0.03
HILL HElPER (HIX) 05HAR81 1 1.69
OILER (GENERAU 05tfAR81 1 0.02
ElECTRICIAN 05tlAR81 1 0.23
CRAHE OPERATOR 05NAR81 1 0.53
LABORER 05HAR81 1 0.14

N
0\



EtlVlIUJtltlENTAL INVESTIGATIONS BflANe..
CEtlENT WOrlKEIlS I10IUHDIYV STUOY

Table 3 HARQUETTE CENENT ROCKHART. GEOI1GIA
PERSONAl "ESPIIlABlE DUST CONCENmATIOHS. H61tt3

AflEA SAHPLES HEAN sm GH GSD NLOO HIN HAX

BACKGIlOlHl 2 0.00 0.00 0.01 1.00 0 0.00 0.00
ItAW 7 1.31 1.32 0.79 3.07 0 0.24 3.79
CLINI(Efl 5 1.25 0.70 1.10 1.79 0 0.53 2.25
FINISH 8 2.61 2.76 1.19 4.36 0 0.23 6.96
HIl( 43 1.22 1.39 0.14 3.0 ft 0 0.00 7.2 ft
PLANTWIOE 63 1.41 1.61 0.82 3.07 0 0.00 7.24

N....
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Figure 3

DUS)l1GI11 tI~AH
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ENVIRotlttEtfTAL INVESTIGATIONS BRANCH
CEtlENT WO/u(E"S NDRBIDITY STUDY

Table 4 NARQUETTE CEtlENT ROCI(HART, GEORGIA
QUARTZ CONCENTRATION OF PERSONAL RESpmABLE DUST 5ANPLES

QUARTZ CONCENTRATION IN HICROGRANS PER CUBIC NETER (UG/H31

JOB DATE SHIn PeT_5I02 QUARTZ AREA

BACI<GROlHI 02HAROI 2 N N BACI(GROUHD
BACKGIWUHO 03HAR81 1 N N BACKGROUHO
I(ILN FEED OPERATon 02HAROI 2 " " RAW
QUARRY TRUCK DRIVER 03HAROI 1 N N RAW
FRONT END LOADER 03HAROI 1 " N RAW
KIL" FEED OPERATOR 03HAROI 1 6.0 73.40 RAW
CRANE OPERATOR (RAW) 03HAR81 1 22.2 226.87 RAW
KILN FEED OPERATOR 04HAR61 3 6.2 143.51 RAW
LABORER (RAW) O4HAR61 3 6.3 240.10 RAW
KILN IIELPER 02HAR61 2 N " CLUI(ER
KIL" BURNER 02HAR61 2 " N CLINKER
KIL" BURNER 03t1AR61 1 N N CUln<ER
I<IL"BURNER O4HAI101 3 " N CUNI(EIl
KIL" 8URNER 05HAROI 1 " N CUHI(ER
BUll< LOADER 03HAIl01 1 " " FINISH
PACI(ER 03HAR81 1 " " FINISH
PACKER 03HAn81 1 " N FINISH
BULK LOAD SCALEHOUSE 03HAIl01 1 " N FINISH
PACKHOUSE FOREHAN 04HAROI 1 " N FINISH
BULK LOADEn 05HAR81 1 " N FINISH
PACKER 05HAIl61 ,J. " N FlNISII
CLEA" UP 05NAROI I N " FI"ISn
REPAInHAN 02HAR81 2 2.8 68.56 HI)(
REPAIIlHAN 02HAROI 2 4.0 82.79 HIl(
NI)( CHENIST 02NAROI 2 N N NI)(

.CllANE OPEnATOR 02NAROI 2 " N NI)(
SHIFT FORENAN (HI)() 02NAR81 2 " N HI)(
HILL OPERATOR 02HAR81 2 N N HI)(
HILL HELPER (HIX) 02HAIl01 2 4.2 105.92 HI)(
LABOREn 02HAR81 2 5.0 66.34 NIX
NIX CHEHIST 02HAROI 2 N " HI)(
"EPAIRHA" 02HAR81 2 1.1 41.40 HI)(
REPAIRHA" 02NA"81 2 1.7 123.ttl NIl(
OILER (GE"ERALI 03NAR81 1 N N HIX
HILL HELPER (HI)() 03NAR81 1 2.2 107.44 NI)(
nEPAIRHAN 03HAR61 1 7.7 43.59 HI)(
LABORER 03NAR81 1 N N NIl(
LABORER 03NAROI 1 N " NI)(
CRANE OPERATOR 03HAROl 1 N N HI)(
HILL OPERATOR 03NAROI 1 N N NI~

OFFICE 1401ll<E" 03HAROI 1 " N HI)(
OFFICE 1401ll(ER 03HAROI 1 N N HIl(
HILL IIELPER (HIX) 04NAR81 3 2.5 89.09 HIl(
NACIIINIST MNAR81 1 N N tCI)(
HI)( CIIEHIST O4HAR81 3 " " NIl(
REPAmHA" MIIAROI 1 N N NIl( w
NILL OPEIlATOR 04NAR81 3 7.1 176.65 tlI)( 0

WELDEn MHAIl61 1 f,O.79 NIX
t1Il( cnEHIST MIIAIl81 1 H N t1Il(
IlEPAIRNAN IJiltlAIllll 1 tl N till(
SinH FOIlENAN MtlAIl81 1 H N NIX
LAflOrlEIl IJilHAIl61 1 6.7 61.06 till(



nIVrnOfflENTAL INVESTIGATIONS BRANell
CEHEtIT WOn/(ERS HORBIDITY STUDY

Table II "ARQUETTE cEHENT "OClmART. GEORGIA
QUARTZ CONCENTRATION OF PERSONAL RESPIRABLE DUST SANPLES

QUARTZ CONCENTRATIOH IN NICnOGRAtlS PER CUBIC HETER «UG/N3 J

JOB DATE SIIIFT PeT_SI02 qUARTZ AREA

SHIFT FOREHAN 04HAR81 3 " " HI)(
LABORATORY WORKER MHAR81 1 " " NI)(
ElECTlUCIAtl 04NAR81 1 tl " NI)(
HI)( CHENIST 04NAR81 1 " " NIl(
COKE COAL HANDLER 04NAR81 1 tl " NI)(
REPAIRHAN 04NAR81 1 4.7 56.02 NIX
CRA"E OPEIlATOO 04NAR81 3 " " NIX
REPAIRNA" 04NAR81 3 5.8 45.21 t1IX
LABOnER 05NAn81 1 " " NIX
nEPAlIlHA" 05NAR81 1 " " NIX
NIlL IIELPER (NIlO 05NAn81 1 9.8 165.1.4 NI)(
OILEn (GENERAU 05NA"81 1 6.9 56.49 NI)(
ElECTnICIA" 05NAR81 1 " H NIl(
nEPAIRNAN 05NAR81 1 tl N t1I)(
CRANE OPERATOR 05NAR81 1 " " NI)(

w
I-'



Table 5

Environmental Investigations Branch

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

Detectable Quartz Compared to MSRA Permissible Exposure Levels

32

Levels of Dust Cone. Quartz Cone. MSH.~ PEL
Job Mg/m3 % Quartz ug/m3

Kiln Feed Ope 1.22 6.0 73.40 1.25
Crane Opere 1.02 '* 22.2 226.87 0.41
Kiln Feed Ope 2.31 '* 6.2 143.51 1.22
Laborer (Raw) 3.79 '* 6.3 240.10 1.20
Repairman 2.48 '* 2.8 68.56 2.08
Repairman 3.63 '* 4.0 82.79 1.67
Mill Helper (Mix) 2.53 '* 4.2 105.92 1.61
Laborer 1.34 5.0 66.34 1.43
Repairman 2.06 1.1 41.40 3.23
Repairman 7.24 '* 1.7 123.41 2.70
Mill Helper (Mix) 4.80 '* 2.2 107.44 2.38
Repairman 0.57 7.7 43.59 1.03
Mill Helper (Mix) 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
Repeirman 1.20 4.7 56.• 02 1.49
Repairman 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 measured concentration exceeds the MSRA Permissible Exposure Limit.



Table 6
ENVIROtlt1ENTAl INVESTIGATIONS BRAHCIt

CEHUIT WOm(EnS tWRBIDlTV sruov
HARQUEnE CEtlENT ROCI<HAIH. GEORGIA

PERSONAL TOTAL OUST CONCENTRATIONS. HGIH3
GROUPED 8V EXPOSURE AREA

--------------------------------------------------------- AREA=BACI(GROUHD ----------------------------------------------------------

JOB

BACKGRoum
BACKGROUND
BACKGROUND

DATE

02HAR81
03HAR81
04H"R81

SIIIFT

2
1
1

DUSTHGH3

0.00
0.00
0.10

------------------------------------------------------------- AREA=RA" -------------------------------------------------------------

JOB DATE SIIIFT DUSTtfGH3

l',n"ARV CRUStiER 03HAR81 1 6.01
KILN FEED OPERATOR 04"AR81 1 3.54
QUARRV mUCK DRIVER 05"AR81 1 3.9~

CRANE OPERATOR (RAW) 05HAR81 1 it.93
KILN FEED OPERATOil 05HA"81 1 1.15
FI10NT EtID LOADER 05"AR81 1 1.64

----------------------------------------------------------- AI1EA=CLINKER -----------------------------------------------------------

JOB

KILN BURNER

DATE

04HAR81

SIIIFT

1

DUSTHGH3

0.99

----------------------------------------------------------- AI1EA=FINISII ------------------------------------------------------------

JOB

CLEAN UP
BULl< LOADER
BULl< LOADER
PACKER

DATE

03HAROI
03"A1101
04HAI181
0'I"A1181

SIIIFT

1
1
1
1

DUSTHGH3

5.28
1.22
0.79

11.30

---r--------------------------------------------------------- AI1EA="IX -------------------------------------------------------------

JOB DATE SIIIFT DUSTHGH3

OILER (GENERAL. 03HAROI 1 10.67
ELECmICIAN 03HAIl81 1 1.89
WELDEIl 03t1A1l81 1 47.00
OVERIIEAD CRANE 03HAI101 1 1.12
tlILl OPERATO" 04HAR81 1 2.58
CRANE OPERATOR 04t1AR81 1 it.31 VJ
nEPAII1HAN 05HAR81 1 .... 85 VJ

LABORE" 05HAR81 1 3.15
SlIlFT FOREHAN 05HAR81 1 0.96



ENVIIlotmEHTAL INVESTIGATIONS BRANClf
CEHHIT WORl(EnS HOIlBIDITV STUOV

Table 1 HARQUETTE CEtlENT nOCI<HAIH. GEORGIA
PERSONAL TOTAL DUST CONCENTRATIONS. HGIt13

AREA SAHPLES HEAN sm GH GSO NLOO HIN HAl(

BACKGROUND 3 0.03 0.06 0.02 3.80 0 0.00 0.10
rlAW 6 3.54 1.87 J.O't 1.92 0 1.15 6.01
CLINI(Erl 1 0.99 0.99 . 0 0.99 0.99
FINIS" 4 't.65 4.87 2.76 3.46 0 0.79 11.30
NI)( 9 8.50 14.73 3.82 3.32 0 0.96 't7.00
PLAtmllOE 20 5.87 10.ll 3.12 2.19 0 0.79 47.00

w
.p.
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Flgure 5
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EHVIllo»tEHTAt IHVESTIGATIONS BnAHCJI
CENENT WOIll(EnS tlORBIDIYV STUOY

"AIlQUETTE CENENT nOCI<HAIH. GEOI1GIA
PEnSOHAL TOTAL DUST COHCEHTUATIOHS. "G/N3

AI1InltiETIC NEAH VALUES BY JOB CATEGORY
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ENVIRONHEtlTAL INVESTIGATIONS aRANC"
CEMENT 1-1011l<En5 MORBIDITV STUDY

Table 8 MARQUETTE CEIIENT ROCI<11ART. GEORGIA
TRACE METAL COIICENTIlATlOIlS OF PERSOHAL TOTAL DUST SAMPLES

COHCENTIlATlONS IN MICnOGRAMS PER CUBIC METER lUG/tl3)

AREA DATE SnIFT JOB AL_UGH3 CR_UG~13 CO_UGH] HG_UGH1 m'_UGH1 NI_UGM3

RAW 04HAR81 1 KILN FEED OPERATOR 34 N " 16 " "RAW 05tlAR81 1 FRO"T Elm LOADEI1 " " N 8 " "RAW 05t1AR81 1 CRANE OPERATOR CRAWl 100 " " 21 " "RAW 05t1AR81 1 KIL" FEED OPERATOR " " " 7 " N
RAI~ 05MAR81 1 QUARRY TRUCK DRIVER 32 " t, 9 N "CUNI<ER MHAROI 1 I<IlN BURIlEIl N N " 5 N "FI"ISn 03MAIl61 1 CLEAN UP 77 N " 40 " "FItllSn 03ltAROI 1 BULK LOADE" N II " 7 " II
FItllSII 04MAR81 1 BULK LOADE" " " " 7 If II
FIIIIsn MMAIl81 1 PACKER 91 H " 101 " "HI)( 03MAR81 1 OILER (GENEIlAU 174 " " 78 2 "tlI)( 03MAR81 1 ElECTIlICIAN " " II 12 H "HI)( 03tlAR81 1 WElDER 671 11 N 366 49 5
HI)( 04tlAR81 1 CRANE OPERATOR 47 " " 23 N "HIX MHAR81 1 MILL OPERATOR " " " 9 " "HI)( 05HAR81 1 LABOREIt 35 " " 30 N II
HIX 05t1AR81 1 SIIIH FOREMAN N " N it N "111X 05MAR81 1 REPAIRMA" 60 7 N 31 26 N

W
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Table 9

Environmental Investigations Branch

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

Summary for Personal Trace Metal Concentrations in
Milligrams per Cubic Meter

Metal N Means Std.dev. Minimum Maximum

Aluminum 10 133 ug/m3 193.79 32 671

Chromium 2 9 2.52 7 11

Magnesium 18 43 84.73 4 366

Ma.ngan,e,ese 4 20 22.13 2 49

Nickel 1 5 0 5 5
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ENVIRONNEtITAL INVESTIGATIOHS IlRANCII
CEHEIIT ~IORKERS tiOlmIOITV STUDY

Table 10 HARqUETTE CHinn rWCl<tlART. GEORGIA
TRACE HETAL CONCEHTRATIOHS OF AREA TOTAL DUST SAtlPLES

COHCEIITRATIOII~ IN HICIWGIlAI1S PER CUBIC HETEll WG/Hlt

AIlEA DATE SUIFT JOB AL_UGHl CIl_UGHl CO_UGHl HG_UGH:'I tIN_UGH3 HI_UGHl

BACI<GROUNO 02HAIl81 2 BACKGIlOUND H " " " " "BACI(GROlJND 03HAIl81 1 BACI<GIWUHD " " " 1 " H
BACI(GROUHD 04HAR81 1 BACI(GROUHD H H " 1 H H

RAH 02t1AR81 2 BACI( EIID OF I<IL" 36 H H 19 " "RAH 03tlAR81 1 PRItIARV CIlUSUEIl 1376 7 " 261 13 tI
IUH O4HAR61 1 FEED E~~ RAH HIlLS 37 H " 19 II tI
IlAH 05t1AR61 1 IlAW HILLS 57 H H 25 " "RAW 0511AR81 1 PRniARY CRUSHER 164 " " 30 " "RAW 05HAR81 1 FEED EHD RAW HIlLS " " " 6 It II

CLItIl<ER 0211AR61 2 CLIHI(ER COOLER " " " 5 H H
CLIH1(ER Oll1AR61 1 FRONT END OF KIL" " H H 2 H H

cLItll<ER 04HAR61 1 I<ILII ROOH II II II 10 II II
FINISII 02HAR81 2 BAGGING " II H :'I H II
FIHISII 01HAR81 1 BAGGItlG 132 H " 63 H H
FIHISII O4tlAR81 1 FItIlSII SILO TUtlHEL 314 H " 130 H H
FIHISIt 05HAR61 1 BAGGIttG 160 II II 91 II II
FIIIISU 05HAI181 1 FIHISII nALL HILLS II tI II 6 " II
FIliISit 05HAR61 1 FINIml BALL HILLS 65 II II 37 2 II
HIX 02tlA1161 2 HILL ROON II II II 9 II II
HIX 03HAR81 1 OVERlIEAD CRAIIE 231 II II 101 II H
HIX 04HARBI 1 HAIIHENAHCE SIIOP H 15 II 2 5 II
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Table 11

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers

Marquette Cement, Rockmart, Georgia

Summary for Personal Trace Metal Concentrations Per Cubic Meter Micrograms

Metal N Means Std. Dev. Minimum Maximum

Aluminum 10 259 mg/m3 402.86 36 1378

Chromium 2 11 5.66 7 15

Magnesium 20 41 63.82 1 261

Manganeese 3 7 5.65 2 13
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Metals

Aluminum
Calcium
Chromium
Copper
Iron
Magnesium
Phosphorus
Potassium
Sodium
Titanium
Zinc

Table 12

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers

Marquette Cement, Rockmart, Georgia

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

Exposure Areas

Feed End
of Kiln Clinker-Cooler Packhouse Mill Room

13.37 133.71 20.50 28.17
320.65 1709.10 554.72 587.80

N 5.68 N 16.02
N 4.45 N N

12.75 81.81 17.68 33.77
3.70 55.61 12.58 26.24
N N N 3.86

29.82 108.75 9.62 16.40
8.64 45.72 8.77 13.89
N 10.87 N N
N 702.17 N 47.66
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ENVIRONMENTAL INVESTIGATIONS BRANCH

Table 13
CEMENT WORKERS MORBIDITY STUDY

MARQUETTE CEMENT ROCKMART, GEORGIA
ANALYSIS OF BULK MATERIAL PRESENTED AS PERCENT BY WEIGHT

AREA JOB QUARTZ CRISTO AL CR CO MG MN NI ASBEST

RAW INSULATION 3.0 N 4.1 0.01 N 3.7 O.ll N 0.0
RAW RAltl MATER I AL 7.0 N 1.3 0.02 N 0.7 0.02 0.008 0.0
RAW RAW MATt:RIAL 6.0 N 0.8 0.02 N 0.7 0.02 N 0.0
RAW RAW MATERIAL 6.0 N 1.0 0.02 N. 0.7 0.02 N 0.0
RAW RAW MATERIAL 2.0 N 0.4 N N 0.7 0.01 N 0.0
RAW RAW .1ATERIAL 48.0 N 1.7 0.04 N 0.1 0.02 N 0.0
RAW RAW MATERIAL 7.0 N 1.2 0.01 N 0.6 0.02 N 0.0
RAW RAW MATERIAL 7.0 N 0.5 0.01 N 0.6 0.01 N 0.0
CLINKER CLINKER N N 2.2 0.03 N 1.1 0.02 0.010 0.0
CLINKER CLINKER N N N 0.01 0.01 0.9 0.02 0.010 0.0
CLINKER CLINKER N N 2.3 0.02 0.01 1.1 0.02 0.010 0.0
CL HII(ER CLINKER N N 1.7 0.01 N 1.0 0.02 0.008 0.0
CLINKER CLINKER N N 1.8 0.02 0.01 1.0 0.02 0.009 0.0
rIlUSH FINISH N N 2.7 0.02 N 1.1 0.02 0.010 0.0
FINISH FINISH N N 2.4 0.02 N 1.1 0.02 0.010 0.0
FINISH FINISH N N 1.0 0.01 N 1.3 0.01 0.010 0.0
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EtNmotlt1EHTAL INVESTIGATIONS BIlAtlCtI
CEHEtIT WOIll(EltS HOnBIDITV STUOV

Table III HAnQUETTE CEHEHT ROCI<HART. GA.
50X COHCEHmATIOH5

JOB DATE stUFT AREA 504_UGH3 SOl_UGHl S02_PPI1

OACK Em OF KILN OJHAIl81 1 IlAU :.n.Sl " 0.01
OACK ENO OF KIL" OJI1AIl81 1 "AU 35.38 N 0.01
FEED END ItAW HIlLS OJHAlt81 1 ItAU 88.15 " 0.02
8AG 1I0USE 04HAR81 1 hAW 38.21 " 0.01
FEED END RAW "IlLS 04"AR81 1 "AW 15.10 " 0.01
FEED END ItAW I1IILS 0511Alt81 1 RAW 18.9f t " "DISCUAnGE STACK (BOITTOI1. 0511AIl81 1 nAW 16.50 N 0.01
KILN nOOH 05HAR81 1 CLUI<En 69.48 N 0.01
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Physiological Response

The main function of the lungs is to keep the oxygen and carbon dioxide

content of the arterial blood within a certain narrow range. In order to

accomplish this, the lungs must bring the blood in contact with the air. The

lungs are ventilated by a bellows action, when the chest cavity is expanded by

the contraction of the diaphragm. This creates a negative pressure in the

lungs causing air to rush in.

When a person breathes, air is drawn through the nose into the nasopharynx and

trachea. From there it reaches the alveoli or area of gas exchange through a

system of ducts: the bronchi, respiratory bronchioles, and the terminal

bronchioles. It is in the alveoli where the blood is o~genated and carbon

dioxide diffuses into the lungs to be EXcreted. Deposition of airborne

particles occurs as a consequence of several different physical processes. Of

primary concern are sedimentation, inertial impaction, and diffusion.

Sedimentation is simply the settling out of particles onto respiratory tissue

under the influence of gravity. Inertial impaction occurs when the momentum

of particles being carried along in an air current carries them along their

original path when the air current changes direction. The particles may then

be deposited on the surface of respiratory tissue. Besides sedimentation and

impaction, very small particles are affected by diffusion. Since movement of

small particles in air is completely random, those that are in close proximity

to the alveolar wall are likely to collide with it and hence be deposited. (15)
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In order to remove particles from the respiratory system, two separate

mechanisms are present. Those particles deposited in the upper airways are

removed by the mucociliary escalator. In the upper airways there is a series

of tiny hairs or cilia which are continually sweeping mucous and particles

upward toward the throat. The mucous provides a sticky layer to capture and

hold the particulate, while the cilia remove it from the respiratory system.

In the terminal bronchioles and the alveoli, deposited material is removed by

phagocytes; or cells which actually consume the particles and digest them.

Problems arise, however, when the respiratory system is overcome. 'Whenever

there is a high concentration of dust, the mucociliary escalator and the

phagocytes may not be able to remove all of the particles. Als,o, the

particles may possess unique properties which prevent the natural defenses of

the lung from eliminating them.

It is the intent of this study to determine which materials may be toxic to

the respiratory system, and what concentration and duration of exposure may

produce physiological changes.


