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Executive Summary

The Lehigh Cement Plant in Mitchell) Indiana was surveyed by a NIOSH team of

industrial hygienists, on November 18 through November 23, 1981. Samples were

collected and analyzed for respirable and total dust, free crystalline silica,

aluminum, cobalt, magnesium, manganese) nickel, other trace elements,

asbastos) nitrogen dioxide) and oxides of sulfur.

The respirable and total dust levels foY most jobs are below recommended

e~osure levels. One sample exceeded the ACGIH recommended level of 5.0

_mg/m3 for respirable nuisance particulate. Three personal total dust

samples exceeded the MEliA standard of 10 mg/m3 for nuisance dust.

Respirable samples from a dust collector and laborer exceeded the HSEA-PEL for

respirable quartz. Of the dust contaminants measured, only quartz is

considered to be present in excessive concentrations.
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Introduction

The 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. Lehigh Cement in Mitchell, Indiana Was the fourteenth of sixteen

plants to be surveyed.

Each plant survey eonsisted 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 w:eek.

This report deals with the environmental aspect of the ~tu~y, Th~

enviromnental surveys are primarily concerned with the composition and

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

t'res:ence of to:dc eontaminants as completely as possible, s;o that, if

respiratory problems are discovered, the proper contaminant may be implicated

as the cause of disease. Therefore, toxic gases and metals are al~o

monitored. A major wsakness 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,
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comprehensive industrial hygiene surveys are a very important aspect of the

Cement Workers Morbidity Study.

The Lehigh Cement plant in Mitchell, Indiana was surveyed on Wednesday,

November 18 through Monday, November 23, 1981, by Rebecca West, Greg Kullman,

and Wayne Sanderson. The Lehigh plant is located east of downtown Mitchell.

The original plant was built in 1904 a mile from a limestone quarry which

still serves as a source of raw material for cement production. Limestone is

crushed at the quarry site and then transferred to the plant by conveyor

belt. It is mixed with shale, iron ore, and sand, and milled in rotating ball

mills. Clinker is produced from the raw mix in three kilns by the dry process

production method. Two of the kilns were built in 1960. The third kiln which

began operations in 1976 is a preheater/kiln system. All three kilns are

fueled by pulverized coal. During our aurvey one of the older kilns was down

for repairs. rne clinkers are mixed with gypsum and milled in ball mills at

the plant site. Four types of finished cement are manufactured her,e and are

loaded as bulk in trucks or railcars. Approximately 170 workers are employed

at Lehigh, including the quarry workers.

Methods and Results

Fersonal 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 considered respirable pass through the cyclone and are

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

non-respirable drop to the bottom of the cyclone and are 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 t.han 1.5 micrometers in

asrodynamic diameter would be collected on the filt.er. (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 o! 1.7 Ipm. 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

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

(DUS'DiGM3). The results from the respirable dust sampling are also summarized

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

4



Figure 1
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"MEAN" value is an arithmetic average of all values obtained in each area; the

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

variability of the data. "GM" and "GSD" are the geometric meens 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 quartz and cristobalite. (2)

Crystalline silica is reported 1n Table 4 as microgram per cubic meter

(QUARTZ) and percent quartz (PCT_SI02). A value of "N" indicates that the

a~asured quantity was below the analytical limit of detection. Limits of

detection for each method are given in Table 1. Samples which had detectable

quartz concentrations are also shown on Table 5 with their calculated

HB~~-PEL. This will be discussed further in the Discussion Section.
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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

levels 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), manganese (MN), and nickel (NI) present. The

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

meter of air ( UGM3). 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

det,ectable levels of the particular elements. STD DEV is the standard

deviation of thes'e samples and is an upression of the variability of the

elemental concentrations.

Area Total Dust Sam~les

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. These 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 ( UGMJ). The JOB column defines the area in which the



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

the next six columns. The results of the trace metal analysis of the area

total samples are summarized in Table 11.

One area sample from each exposure category was analyzed for content of 28

metals. These s~mples 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 Samples

Samples for airborne fibers and asbestos were collected on cellulose 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

polarized light and dispersion staining, and transmission electron microscopy

to determine whether they were asbestos fibers.

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

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

areas, and along transfer belts. No fibers were detected on any of the

filters.

8
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Eulk Material SamDles

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

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

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

it is suspected thet 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 analyzed for content of quartz and

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

mangan,ese, 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, or whether the

material was felt to be predominantly raw material, clinker, finished Portland

cement, or a mixture of two or EIlore types of dust. The results of analysis

are presented as percent by weight of material. For example, if 1% of the raw

material is quartz, there is 0.01 gram of quartz 1n each gram of raw

material. The value "N" indicates that the measured quantity was below the

analytical limit of detection.

Ozid,es of Sulfur Samples

,SaJnples for sulfate and sulfite particulates and sulfur dioxide gas were

collected by drawing a GOwn 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
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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-chromatography.

The results of the analysis are reported in Table 14. The JOB column lists

where the sample was collected. The 504 UGMJ and S03 UGM3 columns give the

sulfate and sulfite particulate concentrations in micrograms per cubic meter.

The SOl_PPM column gives the sulfur dioxide concentrations in parts per

million. The analytical limits of detection for these compounds are listed in

Table 1.

Nitrogen Dioxide Samples

Nitrogen dioxide sampling was done using passive dosimeters for both area and

personal sampling. Full shift time-weighted average exposures were

determined. Dosimeters were constructed by cutting lengths of acrylic tubing

to give a length-to-area ratio of 10 to 1. One end of the tube was fitted

with a removable cap-plug and the other end was sealed with a cap containing

the collection grids. These grids were coated with triethanolamine which

quantitatively absorbs NOl • During exposure, the cap-plug was removed and

the contaminant gas diff.;ul,ed to the collection grid according to Fick' s Law of

Diffusion. After collection a sulfanilamide-phosphoric acid-REDA solution was

added to the dosimeter, where a red color complex with H02 was formed. The

solution was transferred to a spectrophotometer and the absorbtivi~y is
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measured at 540 IlIIl. This was compared against a standard curve to give

nanomoles N02 , from which the concentration was calculated as: (20, 21)

Cone, ppm - nanomoles N02

2.3 x (Hours of Exposure)

These samples were collected for periods between 6 and 8 hours. The

measurements reflect the average concentration over this period. The results

of the analysis are presented in Table 15. Nitrogen dioxide is produced from

the combustion of organic compounds containing nitrogen such as coal and

diesel fuel.

Direct Reading Indicator Tubes for Toxic Gases

Draeger direct reading indicator tubes were used to sample for sulfur dioxide

(S02)' carbon monoxide (CO), nitrogen d~xide (NOZ) , oxides of nitrogen

(NOX) , ammonia (NH3), and hydrochloric acid (Hel). Air is drawn through

these tubes by a hand-held bellows pump. These tubes contain reactive

indicator mat,erials which change color when they are exposed to specific

gases. The length of stain indicates the concentration of gas present in the

environment. On this survey, NIOSE Certified Detector Tubes were used. They

are certified to produce results within +25% of the true concentration at

levels between One and five times the TLV, and within +35% of one-half of the

TLV. For purposes of this study, this level of precision is adequate since a

25% variation around a given exposure level is not likely to produce

significant differences in physiological response. The results of the

detector tube samples are listed in Table 16.
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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 properly, sampler adjustments and appropriate notations were made

and, if necessary, the results of such samples were voided.

The environmental investigations team began sampling Wednesday, November 18,

1981. The sampling schedule was as follows:

Wednesday, November 18 - 2nd shift

Thursday, November 19 - 1st shift

Friday, November 20 - 1st shift

Friday, November 20 3rd shift

Monday, November 23 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 ware separated into four e~osure categories

based on the type of airborDe dust each was subjected to. The categories were:
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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 thes,e 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.

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 qusstionnaires. 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 zione
4. The size of the dust particles
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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

pres!ented here is to be used for correlation with employee medical data for

occupational health research. Air quality and physical agents in Portland

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

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

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

Hygienists, (ACGIH), 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.

Personal Respirable and Total Dust Sam'Oles

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 r,eas,onable control. Generally, the lung-tissue reaction caused by

inhalation of nuisance dusts has the following characteristics:
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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. The

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

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

PEL :llI
10 mg/m3

% respirable quartz + 2

whare the "% respirable quartz" is the percent 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 based 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 MSRA

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

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

nuisance dust recommended by the ACGIH.

-.E:tamining the personal respirable samples collected from th,e various jobs,

3Table 2, only one sample e:ceaded 5 mg/m. This sample was worn by a dust

collector who was primarily hauling waste precipitator dust from the

collection bin to the dump. No personal samples from the raw, cli~ker, or
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3finished cement areas were greater than 5 mg/m. For all workers the

3geometric mean dust level was 0.69 mg/m •

3Three personal total dust samples, Table 6, exceeded 10 mg/m. These

samples were collected from a mill helper, crane operator, and vacuum truck

driv,er. The mill helper assisted the mill operator and spent most of his

shift above the mills and in the blending bin building. The crane operator

transf,ers clinker, limestone, shale, and sand in the craneway bins. Although

he is in an enclosed cab, the crane is in a very dusty atmosphere. The vacuum

truck driver cleans up areas of the plant by sucking up dust through large

flexible vacuum hose. He spent his shift in the clinker cooler area and the

top floor of the mill building. For all workers the geometric mean total dust

3level was 3.31 mg/m •

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. Dust collectors, laborers, bulk loaders, mill help,ers, crane

oparators, aad vacuum truck drivers had the highest dust e%posures.

Activities of these workers either generate considerable amounts of dust, or

take them into areas of heavy dust e:tposure. Most of the other jobs involve

activities that do not generate much dust, or the workers were isolated from

the dust source by enclosures.
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Crystalline Silica

Quartz was detected in bulk samples of sand (49.2%), shale (24.2%), crushed

limestone (1%), dust from raw mill feed areas (1-4.4%), and an oil absorbent

which was montmorrilite clay(5.7%). Quartz is a common constituent of

limestone, shale, clay, and sand, but is rarely found in clinker or finished

cement. As silicon dioxide passes through the high kiln temperatures it is

transformed from free crystalline forms to silicates. All workers associated

with raw material dusts are potentially exposed to concentrations of quartz.

Forty respirable dust samples, which were from workers thought to have greater

quartz exposure, w,ere analyzed for concentrations of the free crystalline

-types, quartz and cristobalite. Two samples contained detectable levels of

quartz. The laborer was cleaning up in various areas of the plant. Tne dust

collector was hauling waste precipitator dust from the dust bin to the dump.

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 1.7 - 3.0%.

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

weight in each sample, and the concentration of that dust allowed by HSRA.
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Eoth samples exceed the permissible exposure limit, and contained

3concentrations of quartz 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

pers,onal samples, none of the metals were found in concentrations greater than

the MEliA permissible exposure levels or the ACGIH recommended TLV's. Area

total dust samples were collected throughout the plant and analyzed for the

same six trace metals. Although we attempted to place the area samples in

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

c,onsidered 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, chromium, cobalt, and nickel are occasionally found.

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

~m.aterial, clinker, and finished cement dust all contain aluminum and

cagnesium. 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 br,cnchitis

producing ag,encs. There are no pas t studies to indicate that these-- elements

will cause any disease in the form or concentrations found in a cement plant.
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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 me~als primarily found in all the dust types are:

aluminum, calcium, iron, magnesium, and sodium.

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

fib:rs due to the occurrence of small deposits of asbestos-bearing rock in the

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

e:ttremely rare.

Oxid,ee of Sulfur

A sulfur dioxide concentration of 0.14 ppm was found 200 yards east of the

plant, where an inversion was was pushing stack emissions down into the yard

ar,ea. -This level is below the NIQSE recommended standard of 0.5 ppm, ACGIH

. TLV of 2 ppm, and MSHA FEL of 5 p~. This m£e5urement shews howaver that

e:posure to sulfur dioxide may occur. Exposures to greater concentrations may

occur because of breakdo~s or breaches in the kiln exhaust system. Also, if

the sulfur content of the kiln fuel increases, more sulfur dioxide may be
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produced. Sulfate particulates have not been documented to cause irritation

or chronic disease. 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 502 or sulfates at levels detected at

Lehigh. (1, 12, 13)

Nitrogen Dioxide

Nitrogen dioxide is a reddish-brown gas which is a common contaminant in the

~haust of internal combustion engines. It is an irritant to the mucous

membranes and its inhalation may cause coughing, sometimes severe, which may

be accompanied by mild or transient headache. (22)

Bas,ed on animal studies, a ceiling limit (the concentrations, not to be

e%ceeded even instantaneously) of 5 ppm has been recommended. (23) This level

was considered sufficiently low to insure against immediate injury or adverse

physiologic effects from prolonged daily exposures. The present federal

standard (MER! and OSHA) for nitrogen dioxide is 5 ppm as an 8-hour

thl.,e-saighted average (nzA). (24) This was based upon the ACGIE TLV except

that the ceiling designation was omitted. (27) A number of human experiments

and animal studies suggest that humans with normal respiratory function may be

affected by exposure at or below this level and that the conditions of workers

with disease such as bronchitis may be aggravated by such exposures.
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(25,26,27,28) NIOSE recommends a ceiling of 1 ppm to protect workers with

pre-existing chronic bronchitis. ACGIE maintains a STEL of 5 ppm and a TWA of

3 ppm.

All of the 30 samples taken at Lehigh Cemsnt were below the recommended

standard.

Toxic Gases

No sulfur dioxide was detected at the coal stoker of the raw mills or the feed

area for the kilns. Above the coal stoker 5 ppm carbon monoxide was detected.

In the cab of a quarry truck which was making a routine hauling cycle, 0.5 to

1.0 ppm of oxides of nitrogen were detected. Carbon monoxide, oxides of

nitrogen, and sulfur dioxide are COmIi:lon contaminants in exhaust gases from the

burning of fossil fuels. Portland cament plants have several areas which may

be contaminated with these exhaust gases. At this facility the kilns are

fired with pulverized coal. When coal, a carbonaceous material containing

sulfur and nitrogen compounds, is burned in the kilns, these gases are

produced. Gasoline and diesel powered engines of locomotives, quarry

equipment, transport trucks, and forklifts release carbon monxide and oxides

of nitrogen in their exhaust. It is our judgement, barring unfores·een

~echanical or maintenance problems, that the workers are e::rposed to very low

cr.iusignificant levels of these gases.
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Ammonia was detected in concentrations of 2.0-2.5 ppm in the breathing zone of

lab workers while analyzing cement samples by wet chemical techniques.

Although concentrations may be somewhat higher instantaneously, exposure lasts

for no more than 5-15 minutes, only once or twice during a shift. There

should be no irritative problems at these levels of ammonia.

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 wcru.ld 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 for most jobs at the Lehigh Cement Plant

in Mitchell, Indiana are below recommended exposure levels. One respirable

sample from a dust collector exceeded the ACGIH recommended level for

respirable nuisance particulate. Three total dust samples, from a crane

operator, vacuum truck driver, and mill helper, exceeded the 10 mg/m3 MSRA

standard for total nuisance dust. Two respirable dust samples from a laborer
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and a dust collector contained detectable levels of quartz. Both of these

samples exceeded the MSa~-PEL for respirable quartz. Of the dust contaminants

measured, only quartz is considered to be present in e~cessive concentrations.

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.

Measurements detecting overexposures frQm the dust collectors, vacuum truck

driver, laborers, and mill helper were of workers involved in maintenance or

clean-up operations. It is difficult to implement controls to protect workers

involved in these types of operations since their duties may take them into

non-routine work stations. In these cases, workers may need to be prOVided

with personal protective devices. However, the crane operator is enclosed in

a stationary position. The crane cab could be modified with tighter seals and

an air filtering ventilation system to reduce dust levels inside the cab. We

recommend that these jobs be periodically monitored to assure compliance to

respirable and total dust and crystalline silica standards.
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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 between 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

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 NIOSR!MSHA approved dust-fume-mist respirator and

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

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
Lehigh Cement, Mitchell, Indiana

Number of Samples With Detectable Levels of Contaminants

27

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

Respirable dust 56 56 0.01 mg

Total dust 13 13 0.01 mg

Quartz 40 2 0.03 mg

Cristobalite 40 0 0.03 mg

Aluminum 32 13 0.20 mg

Chromium 32 2 0.004 mg

Cobalt 32 2 0.005 mg

Magnesium 32 28 0.002 mg

Manganese 32 2 0.002 mg

Nickel 32 3 0.004 mg

Asbestos 13 0 4500 fibers

Sulfat,e 6 6 0.005 mg

Sulfite 6 3 0.01 mg

Sulfur dio::dd,e 6 1 0.005 mg

Nitrgen dioxide 30 30 0.02 ppm



Table 2
EHVIROtltEHTAl IH\fESTIGATIOO9 BRANCti

CEttEtlT 1ol0RKER9 MORBIDITY STUDV
LEtlIGlI CEttEtrr HITCHElL, INDiANA

PERSOHAL RESPIRABLE DUST COHCENTRATIOHS, ttG~]

GROUPED BY E~POSunE AREA

------------------------------------------.•-------------- AREA=8ACKGROUHO ----------------------------------------------------------

JOB

BACKGROUND
BACKGROI.JHI)
BACKGROUND
BACKGROlJNl)

DATE

18NDV81
19HoV81
20HOV81
23HOV81

stnFT

2
1
1
1

DU5TttGttl

0.01
0.17
0.01
0.01

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

J<l8 DATE SHIFT DUSTttGttl

FRONT Em LOADER 19NOV81 1 0.17
PnIttARV CRUSHER OPERATOR 19HOV81 1 1.19
CONVEVOR OPERATOR 19HOV81 1 0.85
HECHAtllC tQUARRVI 20HOV81 1 0.65
FRoNt EIIl LOADER 20t/OV81 1 0.'12
DRILLER 20HOV81 1 0.69
DRntER 23t10V81 1 0.24
QUARnv TRUCK DRIVER 23t/OV81 1 0.77
QUARnV TRUCK DRIVER 231-lOV81 1 0.76

----------------------------------------------------------- AREA=CLIHKER -----------------------------------------------------------

Jon DATE SHIFT DUSTttGttl

I(Uti HELPER 18HOV81 2 0.37
KItH BOOHER 18HOV81 2 0.05
KUH HElPER 18NOV81 2 0.50
VACUUtt TRUCK DRIVER 20HOV81 1 1.50
KItH BOOHEII 20HQV81 1 0.19
KUH t1ElPEII 20t/OV81 1 0.69
KUtl tlELPER 20HOV81 :5 0.71
KI ttl HELPER 23HOV81 1 2.36

----------------------------------------------------------- AREA=FIHIStl ------------------------------------------------------------

JOD DATE SHIFT DUSTttGttl

LOC:ottOTIVE OPERATOR ]';INQV81 1 0.74
BUU( LOADER 19NOV81 1 2.78
LOCOMOTIVE OPERATOR 19HOV81 1 0.85
BUUI( LOADER 19HOV81 1 1.61,

N
00



Table 2
ENVIRCHftEHTAL IHIIE9TIGATIONS IlRANCtI

CEMENT WORKERS MORBIDlTV STUDY
lEllIGII CEHENT HITCHELL, lNOIANA

peRSONAL RESPIRAbLE DUST CONCENTRATIONS, HGlHl
GROUPED OV EXPOSURE AREA

__________________________________________.• -------- AREA=HI~ -------------------------------------------------------------

JQtI) DATE SIIIFT DUSl11GHl

SIIIFf FOflEHAN 18NOV81 2 O.lft
HILL HELPER (HI~I 18NOV81 2 O.M
HIll IIELPER (MnO 18NOV81 2 0.52
CIlANE OPEIlATOIl 16NOV81 2 1.29
Hill OPERATOR 18NOV81 l! 0.37
HI~ CHEMIST 18NOV61 2 0.38
DILEn fGENERAll 19HOV81 1 0.'34
CRANE OPERUOIl 19NOV81 1 0.26
HILL tlELPER (MIXI 19NOV61 1 0.93
YAlIln WORKERS 19NOV61 1 0.18
StlIFT FOREMAN 19NOV81 1 0.28
REPAIRMAN 19NOV81 1 0.55
HAtmNIST 19NOV81 1 0.10
UTILITY (SHIFTI 19NOV61 1 1.41
JANITOR 20NOV81 1 0.25
a.lElDEIl 2ONOV81 1 0.29
IlEPAIRMAN 20NOV61 1 0.28
EUCTRICIAN 20NOV81 1 0.66
LAOORATORV WORKER 2())IOV81 1 1.58
LOCOHOTIVE OPERATOR lOflOV81 1 0.52
YARD WORKERS 20NOV81 1 0.91
HILL OPERATOO 20NOV81 1 2.5ft
LOCOHOTIVE OPEIlATOR 20NOV81 1 1.16
MILL IIELPEIl (MIXI 20NOV81 1 2.49
MII.t OPERATOO 20NOV81 3 2.28
CRANE OPERATOO 20NOV81 '3 1.20
SHIFT FOREMAN 20NOV81 1 2.27
UBoIlATORY WOOI<ER 20HOV81 '3 1.80
nU'AlRMAH 2JNQV81 1 1.19
unOREn 2JHOV81 1 1.09
LAMItEIl 2'3HOV81 1 1.91
DUST COLLECTOR 2JNOV81 1 10.43
IlEf'AIRMAN 23NOV81 1 1.38
LABORER 23HOV81 1 0.77
REf'AI"MAN 23NOV81 1 0.76

~
\0



EH\1IlImtEmAl IH\1E9TIGATIONS BIlAHCII
Table 3 CEHENT WOUKEIlS HOnDIDITV 9TUDV

lEHIGII CEHENT HITCIIELL. INDIANA
PEnSONAl IlESPInABlE DUST CONCENTRATIONS. HGIH]

AIIEA 9AHPlES HEAN sm GH GSD NlOO HIN HAX

BACKGnOUHD 4 o.os 0.08 0.02 4.1S 0 0.01 0.17
nAW 9 0.61 0.36 0.48 2.24 0 0.12 1.19
CUt-l<EIl 8 0.80 0.77 0.48 3.l7 0 0.05 2.36
FINISII 4 1.50 0.94 1.30 1.85 0 0.74 2.78
"IX 35 1.29 1.81 0.77 2.73 0 0.10 10.43
PLAtmlIDE 56 loll 1.50 0.69 2.72 0 0.05 10.4]

w
o
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Figure 3

DUSTHGHl tlEAN

EtlVlltONt1EUTAL ItlVE9TIGATIOOS 8RANCII
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ENVIIlOHt1EHTAl INVESTIGATIONS BRAMe"

Table 4 CENENT wonKERS HORRIDIYV STUDV
LEtlIGII CENENT HITCtlELL, INDIANA

QUARtz CCHCENTnATIOH OF PEnSOHAl "ESPInABLE bUST SAMPLES
QUAnTl CONCENTRATION IN MICltOGRANS PER CUBIC HETER (UG/N3)

JOB DATE SnIFT PeT_SlO2 QUARTZ AnEA

PIlIHA!!V cnUSUE!! OPEIlATOIl 19HOV81 1 " " nAW
CONVEVOR OPERATOR 19HOV81 1 " " IlAW
FnONT END LOAOEIJi 19NOV81 1 " H RAW
FnO"T ENO LOAOEIJi 20HOVOl 1 " H RAW
DRILLER 20HOV81 1 " " RAW
QUArmv mUCK DRJJvEn 23HOVOl 1 " tl IlAW
DRULE!! 23HOV81 1 " " RAW
QUARnV mucIc onJJVEn 23HOV81 1 " N ItAW
VACUUM TRUCK DRJJVER 20HOVOl 1 " H CLINKE!!
ICU" tlELPEn 23NOVOl 1 " " CLINKER
(lULl( LoADEn 19HOV81 1 " " FIHISII
LOCOMOTIVE OPER.TOR 19HOVOI 1 " " FINISH
BULK LOADEn 19HOV81 1 " " FINISII
HILL OPERATon 18HOVOl 2 " " "1)(
HILL IIElPER «HnU 18NOV81 2 " " NI)(
HILL tlElPEn (HnU lONOVOl 2 " " Nnc
cnANE OPEnATOil 18HOV81 2 " " HI)(
IlEPAIn"AtI 19HOV81 1 " " t1I>C
cnAHE OPEnATM 19HOV81 1 " " HI)(
HILL HELPER (HI~) 19HOV81 1 " " tU)(
lITILlTV «SIIIFT) 19NOV81 1 " " HIX
OILER (GEHERALI 19NOV81 1 " " HI)(
LABORATORY WORKEn 20NOVOl 1 " " "1)(
ELECmlCIAtI 20HOV81 1 " " Nnc
HILL HELPER (MIX) 20NOV81 ] " H Hnc
HILL OPEnATOO 20HOVOI 1 " " NI)(
I1EPAlnHAH 20HOV81 1 " H NI)(
LOCOMOTIVI! OPEIlATM 20HOV81 1 " N HI)(
HILL OPERATOR 20HQV81 :1 H H tuX
cnANE OPERATOR 20HQV81 ] tI H MIX
LOCOMOTIVE OPERAtOR 20HOV81 1 tI H MIX
LA80RATORY WORKER 20HQV81 ] tI H MIX
VAnD WORKEns 20HOV81 1 H tI MIX
SHIFT FOREMAN 20HOV81 3 tI tI "IX
LABORER 23HOV81 1 H H MIX
LABOIlE" UHOV81 1 ].0 U6.9§ HIX
DUST COLLECTOIl 23HOV81 1 1.7 176.72 "IX
11 EPAIRM"H 23HOV81 1 .. N HIX
LABonER 23HOV81 1 H " I1IX
REPAInHAti 23HOV81 1 N .H MIX

w
w
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Table 5

Environmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
Lehigh Cemsnt, Mitchell, Indiana

Detectable Quartz Compared to MSBA Permissible Exposure Levels

Levels of Dust Conc. Quartz Conc. !'iSH! PEL
Job Mg/m3 % Quartz ug/m3 mg/m3

Laborer 3.91:11 3.0 116.95 2.0

Dust C,011ector 10.43* 1.7 176.72 2.7

*Indicates measured concentration e:!:ceeds the MSBA Permissible Exposure Limit.



Table 6
ENVIRClt-lttENTAl INVESTIGATIONS DRANell

CEHEHT wonKEns HonDIDITV STUDV
LEtlJGII CEHEHT HITCUELL. UIOIAHA

PERSONAL TOTAL OUST CONCEHTRATIOHS, H61H]
GROUPED BY E~posunE AREA

------------------------------------------•.•------------- AREA=8ACKGROUHO ----------------------------------------------------------

JOB

BACKGROlHJ
DACI(GROUNll
BACI(GROUNO

DATE

19HOV81
2oNOV81
23HOV81

SHIFT

1
1
1

DUSTHGHl

0.40
0.99
0.00

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

JOB DATE SUIFT DUSTl1GHl

!lECTRICIAH IRAW) ICJHOVftl 1 2.87
QUARRl TRUCK DRIVER 19NOV81 1 1.06
CONVEYOR OPERATOR 20HOV81 1 3.05
PRIHAnv CRUSHER OPERATOR 2OHOV81 1 2.35
FltOHT END LOADER 20HOV81 1 0.26
HILL .IELPER IRAW) 20HOV81 1 5.89

----------------------------------------------------------- AREA=ClIHKEn -----------------------------------------------------------

JOB

KILN UElPEn

DATt

23HOV81

SHIFT

1

DUSTHGHl

6.00

-------------------------------------------~-----------------AREA=HI~ -----------------------------------------------------------.-

JOB

IHSTtllflENT DEPARmENT
HAC.ltHI5T
PAINtEIl
HILL t1ELPER ("no
CIlANE OPERATOIl
VAClIUH TRUCI( DRIVER

DATE

19HQV81
19HOV81
23HOV61
23HOV61
23HOV81
23HOV61

SHIFT DUSTl1GH3

1 1.88
1 0.98
1 5.75
1 10.42
1 19.79
1 12.66

W
In



ENVxnONHEHTAL INVESTIGATIONS BRANetl
Table 7 CEHENT WORKERS HOnBIDITY STUDY

LEIlIGIf CfHENT HlTCIIELL, ItlDUNA
PEnSONAL TOTAL DUST CONCENTnATIONS. HGIH3

AnEA SAHPLES HEAN sm ON GSD NLOD HIH HAX

bACKGnoum ] 11.47 11.49 11.12 18.47 0 11.110 11.99
itA'" 6 2.58 1.95 1.80 2.98 0 0.26 5.89
CLINKER 1 6.00 . 6.00 . 0 6.00 6.00
HI)( 6 8.56 7.16 5.50 3.23 0 0.98 19.79
PLAtrnllDE n 5.61 5.65 3.:n 3.26 0 0.26 19.79

L.I
0\



Figure 4
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figure 5
ENVIltmtENTAl INVESTIGATIONS IlRANt"
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ENVIROtflEnnL INVESTIGATIOOS 8RAtlCli

Table 8 CEttENT WORl<lms HOIlDlDlTY STUDY
LEIIIG" CEttENT MITCIiEll. tHOUNA

TRACE METAL CONCENTnATIO"S OF PERSONAL TOTAL DUST SAMPLES
ConcE"TRATIONS I" ttICROGRAtt5 PER CUBIC ttETER (UG/ttl)

AflEA DATE !llnFT JOB AL_UGH] eR_UGH] CO_UGHl MG_UGH3 KCUGH] "I_UGH]

RAW 19tmV81 1 ELECTRICIAn (RAW) lD .. .. 24 .. n
RAW 19HOV81 1 QUARRY TRUCK DRIVER " " .. it n N
"AW 20NOV81 1 FIlONT END LOADER " N n " " 5

""w 20tlOV61 1 HILL HELPER (RAW) 65 " N 53 " "RAW 20NOV61 1 PlUHARY CllUSIiER OPEllATM " " .. 12 " n
RAW 20NOV61 1 CONVEYOll OPEllATOR " .. .. 17 " n
CLlHKEn 21NOV81 1 KIL"IIELPEn 96 n n 60 .. n
MI>C 19NOV81 1 MACHINIST " n " 3 H n
HI>C 19NOV81 1 I"STRUtIENT DEPARTHENT H n H 9 n "HI)( 20HOV81 1 WELDEn 970 728 12 582 1698 412
HI>C 21HOV81 1 HILL IIELPER (HI>C) 147 n H 91 H n.
HIl( 23NOV61 1 CllANE OPERATOR 115 n " 264 .. N
HI>C 2lHOV81 1 PAINTEll 68 N " 113 N n
HI>C 2lNOV81 1 VACUUM mUCK DRIVEn 172 N n 112 n "

W
\0



Table 9

Environmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
Lehigh Cement, Mitchell, Indiana

Summary for Personal Trace Metal Concentrations in
Micrograms per Cubic Meter (ug/m3)

Metal N Means Std.dev. Minimum Maximum

Aluminum 8 239 309.62 38 970

Chromium 1 728 728 728

Cobalt 1 12 12 12

Magnesium 13 105 161.04 3 582

Manganeese 1 1698 1698 1698

Nickel 2 209 288.26 5 412
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ENVInOHHENTAL INVESTIGATIONS 8nANCH

Table 10 CEMENT WORKERS HOnOlDlTV STUDV
LEHIGII CEMENT HllTCIIELL, INDIANA

Tn~eE HETAL CONCENTRATIONS OF AREA TOTAL DUST SAMPLES
CONCENTRATIONS IN MICROGRAM9 PEn CUBIC HETER (UG/Ml.

AfU!A DATI! SIIII'T JOB A,,-OOH1 ell_UGH1 CO_UGH1 HtUJGH1 ""LUGH1 NI_UGH3

bACKGIlOlHJ 1900"81 1 8'ACKGIllltHl N N .. N N N
bACKGROUND 2000"81 1 IJACKGnOUNO N N N N N N

BACKGROUND 2:'1NO\181 1 B'ACKGROUNO N N N N N N

RAW 18"0\181 2 blACK END OF KILN N N N N N N

!lAW 1900\181 1 PRlMARY CRUStiER .. H H «) N ..
!lAW 2300"81 1 FEED END !lAW HIlLS N N H 20 .. N

CLItI<Ell 1800\181 2 FfWNT END OF KILN N N N 6 N ..
CUNltER 1800\161 2 CLUIKEn COOlEn 118 H H 81 N H
CLIHKER 2000"61 1 CLIHKER COOLER N H .. 20 .. 1-1

CLINKER 2300\161 1 CLINI<ER COOLER 447 H N 369 N 1-1

FIlnStl 1900\161 1 BULK LOADING SILOS .. H .. 16 H ..
FII-IISII 2000"81 1 FINISH OAlL HILLS 130 I~ 1-1 83 N N
FINISII 2000\181 1 BULK LOADING SILOS N N 1-1 13 1-1 1-1

FINISH 2300\101 1 DUlK LOADING SILOS H H .. 10 .. 1-1

HI)( 1800\181 2 HILL noOH N H N 7 N H

HI)( 1900\181 1 HAINTENAHCE SHOP N N H 1 N 1-1

MI)( 19NO\101 1 OVERHEAD CRANE 93 .. .. 55 .. N
HI)( 23HOV61 1 HILL nOOH ... H H 34 .. N

~
I-'



Table 11

Environmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
Lehigh Cement, Mitchell, Indiana

Summary for Area Trace Metal Concentrations in
Micrograms per Cubic Meter (ug/m3)

42

Metal

Aluminum

Magnesium

N

4

14

Means

197

52

Std. Dev.

167.62

95.28

Minimum

93

1

Maximum

447

369
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Table 12

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers

Lehigh Cement, Mitchell, Indiiana

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

Metals

Aluminum
Calcium
Chromium
Iron
Lithium
Magnesium
Manganese
Sodium
Phosphorus
Lead
Titanium
Zinc

Exposure Categories

Mill Rm. Clinker-Cooler Bagging Finish & Clinker
Grey Plant Grey White Plant Cooler White Plant

505.3 19.7 94.6 1415.4
13102.6 705.3 1702.3 35230.8

3.42 N N N
571.1 24.5 84.9 1484.6

3.16 N N 9.23
318.4 16.3 59.3 1161.5

4.7 N N 15.38
49.13 7.8 22.1 125.15

N N N N
N N N 15.4

30.3 N 5.1 70.0
3.2 N N N

The following elements were analyzed for, but were less than 0.5 ug/filter in all
samples: silver, arsenic, beryllium, cadmium, cobalt, copper, molybdenum, nickel,
platinum, selenium, tin, tellurium, thallium, vanadium, yttrium, and zirconium.



ENVIntH1EtrrAL INVESTIGATIONS (mANeIl

Table 13
CEHEtrr wonKEllS HonBIDITV STUDV

LEHIGH CEMENT HITCHELL. iNDIANA
ANAlVSIS OF BUlI{ MATErUAl PRESENTED AS PEilCENT BV NEIGIIT

AIlEA JOB QUAIlTZ CIlIsm Al en co HI; t1H NI ASBEST

IWI nAN "ATEnUl 4.4 N 1.60 N 0.009 0.92 0.013 0.007 0.0

RAW RAW "AfElnAl 24.2 N S.10 0.004 0.006 0.46 0.012 0.007 0.0

RAW nAW HATEnUl 1.0 N 0.30 N 0.008 0.65 0.008 0.005 0.0

RAW !lAW "ATEnIAl N N 6.90 0.008 0.009 0.28 0.021 0.011 0.0

IlAW !lAW "ATEnUl 49.2 N 0.30 N N 1.30 0.026 N 0.0

nAW IlAW"ATEnUl 1.0 N 1.80 0.004 0.010 1.10 o.on 0.008 0.0

IlAW IlAW HATEIlIAl 1.0 N 1.90 0.005 0.010 1.10 0.012 0.008 0.0

IlAW nAW t1ATEIlUl N N o.n N 0.008 0.46 0.010 0.006 0.0

rlAW RAW t1ATEIlIAl 1.0 N O.ll N 0.009 1.10 0.008 0.006 0.0

IlAW !lAW t1ATEIlIAL N N 0.17 N 0.008 0.55 0.007 0.006 0.0

IlAW nAW t1ATEIlIAL 1.0 N 0.14 N 0.009 0.65 0.008 0.006 0.0
CLlIf(En CUHI{En N N 2.20 0.006 0.011 1.20 0.011 0.009 0.0
ClUI<EQ ClINf{ER N N 2.30 0.006 0.012 1.20 0.011 0.009 0.0
CUNltER ClINf{En N N 2.50 0.004 0.012 1.10 0.011 0.009 0.0

ClumEn CUNI{En N N 2.10 0.008 o.on 1.30 0.011 0.010 0.0

FINISH FINISII N N 2.60 0.005 0.012 1.40 0.015 0.009 0.0
FINISH FINISH N N 2.60 0.005 o.on 1.40 0.014 0.009 0.0
FINISH FINISII N N 2.70 0.003 0.012 1.50 0.014 0.009 0.0

FINISH FINISH N N 2.70 0.004 0.012 1.50 0.014 0.008 0.0

"1)( nAW ClINKEQ FINIml N N 2.50 0.005 0.012 1.30 0.013 0.009 0.0
nAw ABSORBENT 5.7 N 4.20 0.015 0.004 0.96 0.006 N 0.0

~
~



I:HVIflONt1EHTAL IHVESTIGATIOHS llllAHCII
Table 14 CEHENT wonKEns NOllOIOITY STUDY

UtlIGII CEMENT MITCHEll. INDIANA
sox CONCENTRATIONS

JOB DATE SHIFT AJlEA SM_UGH3 S03_UGH3 SO~_PPH

BACK END OF KILN IftNOV81 t flAli 11.:53 " 0.01
BACK END OF KIL" 19UOV81 1 "All 24.65 " "BACK END OF KIL" 19HOV81 I nAW 24.65 .. ..
VAllO 20HOV81 1 MIX 49.03 24.51 0.14
OVEllHEAO ellAHE ZOUOV81 1 HIX 81.61 .. ..
VAllO ZOHOV81 1 MIX 5].9] 34.]2 0.14

~
lJ1



EHVlnOIflEHTAl IHVESTIGATIOOS ImANeIi

Table 15 CEHENT WORKERS HORBIDITY STUDY
LElIlGlI CEHEIff HITClIELL. INDIANA

»02 COHCEHTnAlIOHS IN PPM

JOB DATE SlIlFT AIlEA CONe

8AClUiltOOODI 19OOV81 1 BACKGROlHl 0.10
BACKGI1OUNOI 20HOVOl 1 BACKGI10UND 0.03
fllOHT ENO LOAOEIl 19NOVOl 1 IlAW O.Otf

PIlIHAny CIlUSUEIl OPERATOJl 19HOVOI 1 IlAW 0.04
COHVEVOJl OPEIlATon 19HOVOI 1 IlAW O.Oft

HECUAHIe «IQUAIlRV t 20NOV61 1 IlAW 0.07
FRONT END LOADER 20HOV61 1 RAW 0.04
DlULLEn 20NOV61 1 nAW 0.03
VACUUM TnutK OIlIVER 20HOV61 1 CLINI<ER 0.10
un" BUnHEl11 20HOV81 1 CLIHJ<ER 0.03
KILN flELPEl11 20HOV61 1 CLIHJ<ER 0.04
JlEBnlCKEIl 20HOVOI 1 CLINKER 0.09
LOCOMOTIVE OPEJIATOR 19HOV61 1 FINISH 0.07
BULK LOADEII1 19NOV81 1 FINISH 0.11
LOCOHOTIVE OPEIlATOR 19NOV61 1 FINISlI 0.06
BULK LOAnEIl 19NOVOI 1 FIHISH 0.08
DILEn «GEHIEnAlt 19OOV81 1 HI)( 0.04
C!lAHE OPEIlATOI1 19HOVOI 1 HIl( 0.01
HILL ftELPEIl «HIX) 19HOVOI 1 HIl( 0.03
VAllO WOIlKEIl!J 19HOVOl 1 Hll< 0.04
SHIFT FOnEttA" 19OOV81 1 HIl< 0.04
I1EPAIIlHAH 19.....0VOl 1 HIl< 0.14
tiACUIHIST IONOVOI 1 till< 0.04
UTILITY «SHIFT) 19HOV61 1 HIl< 0.06
JAHITM 20HOV61 1 HIl< 0.03
WELDEIl 20HOV61 1 HIl( 0.04
nEPAI!lHAH 20HOV61 1 MIl( 0.07
ELECTIHCIAN 20HOV61 1 HIl( 0.09
LABORATORY WORKER 20HOV61 1 HIX 0.04
LOCOHOTIVE OPERATM 20HOV61 1 MIX 0.07
YARD WORKEIl9 20HOV61 1 HIX o.o't
LOCOHOTIVE OPERATOR 20HOV81 1 MI)( 0.02

.r::­
CI\



Table 16

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers

Lehigh Cement, Mitchell, Indiana

Direct Reading Indicator Tube Concentrations in
Parts Per Millin (PPM)

47

Area

Just outside will control
room next to cool stoker

Feed for kiln 02 and 13

Inside Quarry truck
downhill
uphill

Truck unload for
primary crusher

Date

Nov. 18

Nov. 19

502 CO NOX NH3 HCl

0 0 0

0 0 0
0 0 0

0 0.5 0
0 1.0 0

o

Next to coal stoker
for raw mills

2nd floor of mill room
above coal stoker

In breathing zone of lab
worker while analyzing
cement samples by wet
chemistry

Nov. 23

Nov. 23

o o

5.0

o

2.5
2.5
2.0

o
o
o



APPENDIX
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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 pers,on breathes, air is drawn through the nOse into the nasopharym.: 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 oxygenated and carbon

dioxide diffuses into·the lungs to be ~reted. 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 d"eposited 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 pro:timity

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

removied 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. Also, the

particles may possess unique properties vhich 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.


