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Executive Summary

The Lehigh Cement Plant in Mltchell, Indiana was surveyed by & NIOSH team of
industrial hyglenists, on November 18 through November 23, 1981, Szmples were
ccllected and snziyzed for respirzble and torzl dust, free crystalliine silica,
gluminum, cobzlt, magnesium, mznganese, nickel, cther trace elements,

asbestos, nitrogen digxide, and oxides of sulfur,

The respirable zod totzl dust levels for most jobs are below racommended
exposure levels. One sample excesded the ACGIH recommended level of 5,0
._ug/m3 for respirable nulsance partieculate. Three personal total dust

szmples exceeded the MSHA standard of 10 mg/m3 for nuisamce dust,

Eespirable szmples from = dust collector and lsborer excesded the MSHA-PEL for
Tespirzble quartz., Of the dust contamipante measured, only qusrtz is

‘eonsidered to be present in excessive coneantrations,



Introduction

The Nationzl Imstitute for Occupationzl Safety and Health (NIOSH) hszs
undercaken 2 study to determine the effects of materials fourd in Portland
Cement facllities om the humap respiratory system. A rTepressntative group of
plants in the United States has beern rzudowly chosen for imclusion in this
study. Lehigh Cement in Mitchell, Indiama was the fourteenth of siztesn

plants to be surveyed.
Each plant survey consisgted of:

1. Mesdiczl testing of employess to determine the prevalemce of
respiratory disszse.

2, Eoviroomental sampling to determine the presence and concentrztion
of various contaminants.

Mzdical and environmentzl testing were not dome during the same week,

This report deals with the envirommental aspect of the study. The
.environmsntal surveys are primarily concerzed with the composition and
conzentzation of airborne dust partiecles. It is important to characterize the
presence of toxic comtaminants as completely as possible, so that, if
~rasplratery problemz azre discovered, the propzat contaminant may be implicated
as the cause of disease. Therefore, toxlic gases and metzls sTe alsc
monitored. A major wezkmess of ﬁuch of the past medical research of worker
populations in Portlanﬁ cement plants is the lack of complete documentation of

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



‘comprehensive industrizl hygiene surveys are a very important aspect of the

Cement Workers Morbidity Study.

The Lehigh Cement plant in Mitehell, Indiana was surveyed on Wedaesday,
NMovember 18 through Monday, November 23, 1981, by Rebeccz West, Greg Kullmznm,
and Wayne Sanderscn, The Lebhigh plant is located east of downtown Mitchell.
The original plant was buillt in 1904 a2 mile from a limestone quarry which
gtill ssrves as a source of raw materlal for cement producticn. Limestone is
crushaed a2t the quarry site and then tranzferred tc the plant by conveyor

belt., It is mixed with shale, iron ore, and sand, &nd milled in rotating ball
mills. Clinker is produced from the raw mix in three kilms by the dry process
production method. Two of the kilns were built in 1960, The third kilm which
began operaticns in 1976 1s a2 preheater/kiln system. ALl threes kilns are
fueled by pulverized cozl. During our gurvey one of the older kilns was down
for repairs. The clinkers are mixzed with gypsum and milled in bzll mills =t
the plant site. Four types of finished cement are manufazctured here and are
loaded as bulk in trucks or rzilcars. Approximately 170 workers are employad

at Lehigh, including the quarry workers.

Mathods and Results

Personal Respirable and Total Dust Szmples

It was not fezszsible nor statistically pecessary to moniter alil individuals at
the plant, Using a random mumbezs table, a subzet of worksers was chosen to

paTrticipate in the study. These selected worksrs were requested to wear a



tespirable or total dust sampler. To coliect respirzble dust, zir wzs pulled
through 2 10 om aylon cyclone and & polyvinyl chloride filter (PVC) at 2z flow
Tate of 1.7 liters per minute (lpm) by 2 persomzl sampling pump. At this flow
rate, the cyclone separates the collected zirborne dust inte two fractioms,
Those particles consldered respirable pass through the cyclone and are
collected on the filter; larger particles or thogs considered to be
non-respirable drop to the bottom of the cyclone and are discarded. The
collection efficiency curve for this cyclene is presented ir Figure 1. As
defined by this curve, particles grezter than 10 micrometers in serodymanmic
dizmeter theoretically would not pass through the cyclone and be deposited on
the £ilter. Whereas, almost gll the particles smsller than 1.5 micrometers in
asrodynamic diamster would be collected om the fiiter. (1) The basic sampling
apparatus for respirable dust, minus the size sslector, is used to cellect
total airborme dust. Air is pulled throuzh a FVC filter mounted inm 2
polyzstyrene filter holder at e flow rate of 1.7 lpm. Those particles 20 um
and bslow are collected fairly efficiently on the filter media. This of
course depends also on the direction, epeed, density, and nearpess of the
particles to the filter. The filters were weighed on & precision balance to
the mearest 0.01 milligram (mg), before and after sampling. The weight gain
of the filters, the szmpling flov rates, and the sampling times were used to

caleoulates azirborns dust levels.

Regpirable dust levels are reported io Table 2 as milligram per cublce meter
(DUSTHGM3). The results from the resplrable dust sampling are alsc summarized

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



Flgure 1 COLLECTION EFFICIENCY OF ‘THE PERSONAL RESPIRABLE DUST CYCLONE
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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 a2 measure of the
variability of the datz. "GM™ and "GSD" are the geometric means and geometric
stendard deviations of the same data respectively, Geomatrie values sometimes
give & better estimate of expected values than do normal srithmetilc averages
because the effect of an occasional high value is diminished in cslculating
geometric means. The NLOD values are the number of samples which were less
than the limit of detection. T"MAX™ and "HMIN" values are maximum and minimum
obssrved values for samples that had detectable amounts of materizls,
Arithmetic mean vespirzble dust levels sre aisoc charted in Figures 2 and 3 by
process aTez and job category respectively. These are presented to provide
ezasy recognition of the highest exposure srezs and job categories,

After welghing, the respirable filters were subjected to aanalysis by x=ray
diffraction to determinme their content of quartz and cristobzlite, (2)
Czystalline silics is tepovred in Table 4 as microgram per cubile meter
(QUARTZ) and percent quartz (PCT_SIOZ). A value of "N" indicates that the
measured quantity was below the analytical limit of detecticn. Limits of
-deterction for each methoed are given iz Table 1. Samples which had detectsble
quzTiz concentrations are 2lso ghown on Table 5 with their caleculated

' MSHA-PEL, This will be discussed further in the Diszcussicn 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
levels are charted in Figures 4 and 5 by process area aand 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),
eobzlt (CO), magnesium (MG), manganmese (MN), end olckel (NI) present. The
tTzce metal concentrations are reported im Table 8 a5 micrograms per cublc
-meter of air (__ UGM3). Once againm, a value of "N" indicates that the
peasured quantity was below the limit of detection. The limits of detection
for each elemsnt are listed in Tazble 1. Trace metal analyses zre summzrized
in Table 9. The MEAN is the arithmetic mezn of 21l the samples with
detectzble levels of the particular elements. STD DEV {s the standard

deviation of these samples and is an expression of the variability of the

elementzl concentrations,

ATez Total Dust Samples

Airborme "total” dust samples were collected at fized loczations throughout the
plant. These azreas ware sz2lected based on bow well they reprasented the work
station of ths employees. These filters were also analyzed for amount of

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

The trace matzl concentrations are reported in Table 10 as micrograms peT

cubic meter of zir ( UGM3). The JOB column defines the areaz in which the



szmple was collected. The gix trace metal concentrations are then given in
the next six columns. The results of the trace metal analysis of the area

totzl sazmples are summarized in Table 11.

On= ares sample from each exposure category was analyzed for content of 28
metals, These samples were ashed using nitric znd perchloric acids and the
raziduss dissolved in dilute nitzic acid., The resulting solutions were
enalyzed for trace metzl conmtent by inducrtively coupled plasmz - ztomie
emission spectroscopy (ICP-AES). (4) The results of the analysis are reported
in Table 12. For this analysis technique, the lower limit of detectionm is 1.0

ug/filter for all elemznts.

Airborne Fiber Samples

Samples for alirborne fibers and asbestos were collected on cellulose ester
filrers. These samples are taken with the front of the filters completely
open to the environmment., Alr is drawn through the filtere at z flow rate of
1.7 ilpm. These filters are optically anzlyzed using a phase contrast
mieroscope. (5) If fibesrs were detected, they would have been anziyzed by
polzrized 1light and dispersion staining, and transmission electron microscopy

to deterpine whether they were azsbestos fibers,

In thiz gurvey 13 szmples wsre collected for fibsrs, These szmples were
collected in the raw material crushing and milling areas, storage areas, kiln
arszs, and slong transfer belts. No fibers were detected on any of the

filters,



Bulk Materizl]l Samples

Szmples of raw material dust, clinker, finished produﬁt, and mixtures of dust
were collected for analysis, These samples were generally colleciéd from dust
settled on ledges or objects several fest above the fleor. For thig rezson,
it is suspscted that these particles wsre at one time suspended in air before
coming to rest. These bulk materizl samples cannot, however, be considsred
a2irborne samples., This material was amzlyzed for content of quartz and
cristobalite by x-ray diffraction; aluminum, chromium, cobalt, magnesium,
msnzanese, 3nd nickel content by ztomic abzorption; and asbestos content by

polzrized light ard dispersion stzining microscopy.

The results of these anzlyses are presented in Table 13. The AREA column
1istz from what exposure category the samples were taken, or whether the
material was felt to be predomimantly rawy material, clinker, finished Porzland
cement, oT & alxture of two or more types of dust. The results of sanzlysis
are presented as percent by weight of mzterial., For example, 1f 1% of the raw
mererial is quartz, there is 0.0l gram of quartz in each gram of raw
cmaterial. The value "N™ indicates that the measured guantity was bslow the

;analytical limit of detection.

‘Ozldes of Sulfur Samples

.Samples for sulfate and sulfite particulates and sulfur dicxzide gas were
collected by drawing 2 koown volume of air through a filter train consisting
of two cellulosze ester filters in series., Particulate matter, including

sulfates and sulfites, is collected on the first filter. Sulfur diozide
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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 znd the extracts anzlyzed by ion-chromstegraphy.

The vesults of the anzlysis are reported in Table 14, The JOB column lists
whzre the sample was collected. The SO4_UGHM3 and SO3_UGHM3 columns give the
sulfzte and sulfite particulate concentzations in mlcrograms per cublec meter.
The S02_PP¥ column gives the sulfur dioxide comcentrations in parts per
-million, The znalytical limits of detection for these compounds are listed in

Table 1.

Nitrogen Diozide Samples

Nitrogen dioxzide sampling was done using passive dosimeters for both arez and
parsonzl szmpling, Full shift time-weighted average exposures weTe
determined. Dosimeters were constructed by cutting lengthse of acrylic tublrzg
to give a2 lengtheto—zrea rztio of 10 to 1, One end of the tube was fitted
with =z removable cep—plug and the other end was sezaled with & czp comtaining
ths collectlon grids, These grids were cozted with triethanmolamine which
gusntitarively absorbs Hoz. During exposure, the cap-plug was removed and
the contaminant gas diffused to the collection grid according to Fick's law of
Diffuzien. After collegtion a sulfanilamide-phosthoric 2cid-NEDA sclution wes

added to the dosimster, where a rad color complex with HOZ wzs formsd. The

solution was transferzed to 2 spectrophotometer anméd the absorbtivity i=s
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measured at 540 mm. This was compared against a standard curve to give

nanopmoles NOZ’ from which the concenmtraticn was caleculated as: (20, 21)

Conc, ppm = nancmoles NOp

2.3 z (Hourg of Exzposure)

These szmples were collected for pericds between 6 and 8 hours. The
-measurements reflect the average concentrzation over this period. The resulrs
of the analysis are presented im Table 15. Nitrogen dicxide is produced from

the combustion of crganic ecoempounds containing nitrogen such as cozl and

dieszgl fusl.

Direct Reading Indicator Tubes for Tozic Gases

Draeger direct reading indicator tubes were used to sample for sulfur dioxide
(SOZ)’ czrbon monozide (CO0), nitrogen dioxide (NDZ)’ czides of nitrogen
(HOX), ammonia (NE,), and hydrochlioric acid (HC1). Air is drawn threugh
these tubes by 2 hand-held bellows pump, These tubes contzin reactive
indicator materials which change color when they are exposed to specific
gases, The length of stain indicates the concentration of gas pressnt in the
-envirenment. On this survey, NIOSH Certified Detector Tubss were ussd. They
‘are certified to produce results within +25% of the true concentration at
levels betwzsn one end five timsz the TLV, and within +35Z of one-half of the
“TLY. For purposss of this study, this level of precisicn is adeguate since a
.25% wariztion around a gilven ezposure leval is not likely to produce
significant differspces in physiclogical response. The tesults of the

detector tube szmples are listed in Table 16.
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Generzal Commznts and Schedule

Control filters were collected on site duripg the survey, These filters
raceived treatment identiczl to dust laden filters, except no air was drawn
through the contzol filters. During each shift, each perscnal and arTea
szampler was pericdically checked for proper operation, If the sampler was not
operzting properly, sampler adjustments and appropriate notations were made

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

Tne envircnmental investigations team began sampling Wednesday, NMovember 18,

1981. The sampling schedule was as follows:

Wednesday, November 18 - 2nd shiftc
Thursday, November 19 - lst shift
Friday, November 20 - 1=t shifc

Fridzy, November 20 - 3zd shift

Monday, November 23 - ist ghifc

"This schedule was used in order to adeguately measure environmental

concentration differences due to day-to—day and shift-to-shift variatioms,

Plant areas and the werk forece ware sepazated into four exposure catezories

bes2d on the type of airborme dust each was subjected to. The categories were:
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ra¥ - exposure to raw materials dust
clipker - 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 artificizl, they are vary impertant to
the design of the study, Generally, the dust particles within z categery area
are chemiczlly and physically similar; however, between categories the dusts
are significantly different. The mix category ssrves to "catceh” those jobs
such as laborers and repairmen who work throughout the plant or are exposed to

more than one type of dust.

Discussicns end Conclusions

ZThie study is designsd to determine 1f the normal function of respiratory
tissue is impaired because of exposure to gases or particulates found in
Portland cement plaents. Samples of airborne particulate were collected in
conjunction with a madical examination that ineluded x—reys, spiromstry tasts,
ead symptoms questionnaizres. Resplratery problems ssscelated with exposure to
airborne particuizte zre influencd by four factors:(7)

The type of dust iavolwved

The length of exposure time

Thz concentraticn of alrborne dusts in the breathing zome
The gize of the dust particles

Eo N PLN S I
a4 & L[]
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The intent of the environmental portiom of the study is to determine the types

and concentratlion of airborne materizls to which cement workers are exposed.

This survey was not conducted for regulation compliance purposes. This data
presented here ié to be used for correlation with employee medical data for
occupational health research, Ailr guality and physical agents in Portland
cement plants are currently regulated by Title 30, section 56.5 of the Mineral
Resources Code of Federal Regulatioms. The 1973 Threshold Limit Values,
{TLV's), adopted by the American Conference of Governmental Industrial
Byzienists, (ACGIH), asre cited as the standards which zirborme contaminants
gre not sllowed to exceed. 1In this report these standards serve only as

Teference levels in order for plant personnel to compare the environmental

conditions of their facility.

Personzl Respirzble and Totzl Dust Samples

?ortiand Cement is presently considered to be 2 "nuisance” dust, "Nuisance”
particulates, by definition, have "little adverse effect on lungs and do not
produce significant organic disease or toxic effect when expcsures are kept
-tnder reascmable control., Generally, the lung-tissue reaction czus=d by

iphziztion of muisznce dusts has the following characteristies:



1. The architecture of the air spaces remzains intact.
2. Collagen (secar tissue) is not formed to a significant exteant,
3. The tissue reaction is potentially reversible,"(8)

1s

1f airbornme particulates contzin greater than 1% crystzllime silica, thez they

ate no longer considered nuisance particulates; they are minmeral dusts, The

MSHA standard for nuisance dusts is 10 miliigrams per cublc meter of totzl

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

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

whare the "% respirable quartz”™ 1s the percent by weight of quartz in each
szmple, and "PEL” is the permissible exposure level. Therefore, ezch
respirable diest sample for mimeral dust hss an exposure limit based cm 1ts

content of quartz.

Tae emphasis of this survey was on respirable dust samplimz., It is difficult

to compare respirable dust mzasurements to the currently employsd MSEA
.muisance dust standard which is based on total dust levels, We recommsnd
comparison of the respirable dust levels to the 5 mg/m3 TLV for respirable

. nuisznce dust recommended by the ACGIE.

_Examining the persconel respirable samples collected from the various jobs,
Tzble 2, only one sample excezded 5 mg/mB. This sample was worn by a dust
coliector who was primsrily hauling waste precipitator dust from the

eollection bin to the dump. No perscnz=l samples from the raw, cliﬁker, or
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finished cement areas were greater than 5 mg/ms. For a1l workers the

geomatric mean dust level wag 0.69 mg/m3.

Thres perscmal total dust samples, Table 6, excesded 10 mg/mB. These

szmples were collected from a mill helper, crane operater, and vacuum truck
driver, The mill heiper assisted the mill operator and spent mest of his
shift sbove the mills aznd in the blending bin building, The crane opesrator
transfers clinker, limestoze, shzle, and sand in the craneway bims. Although
he 12 in an enclosed cab, the crane is im a very dusty etmosphere. The vacuum
tzuck driver.cleans up areas of the plarnt by sucking up dust through iarge
flexible vacuum kose. He spent his shift in the clicker cocler arez and ths

top floor of the mill building, Fer 211 workers the geometric msan total dust

ievel was 3,31 mg!mB.

Bezcause of the differences in worker duties and activities, soms jobs
consistently encounter higher or lower dust levels thzm other jobs., Howsver,
within a2 given job category, variability iz often slight, Figures 3 znd 5
chart the means cf the respirzble and total dust weasuremsnts respéctivaly,
for each job. Dust collectors, laborers, bulk loaders, mill heipers, ecrans
Op2T2tors, aad vacuuzm truck drivers had the highest dust exposures.
Activities of these workers either generate considerable amounts of dust, oT
take them into sreas of heavy dust exposure. Most of the other jobs imvolve
ectivities that do meot gensrate much dust, or the workers were isslated from

the dust source by encleosures.
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Crystzlline Silica

Quartz was detected in bulk samples of sand (49.2%), shale (24.2%), crushed
limestone (1%), dust from raw mill fe=d sreazs (1-4,.4%), znd an oil absorbent
which was montmorrilite clay(5.72). Quartz is 2z common constituent of
limestone, shale, clay, and sand, but is tarely found im clinker or finished
cement. AsS silicon dioxzide passes through the high kilm temperatuies it is
transformed from free crystalline forms to gilicates, All workers associzted

wirh r2w materisl dusts are potentially exposed to concentraticons of quartz.

Forty respirable dust semples, which were from workers thought to have greater
quartz exposure, were analyzed for concentrations of the free erystalliine
typaes, quartz and cristobalite. TIwo samples contaimed detectable levels of
quaTzz, The laborer was cleaning up in various areas of the plant. The dust

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

There mzy be some varlation 1n quartz concentratlon depending on the
composition of the raw materials that employess are working with, Also, the
wizing and grinding of various materials containing quartz will result in a2
rangze of concentrations. Therefore, the free silica concentrations mzy vary

with arez and time. The calculated percent of guartz on the rezpirable

filters (Table 4) have 2 ramge of 1.7 — 3.0%.

Table 5 1lists ths jobs with detectable levels of quartz, the parceat gquarzz by

wzight in each sample, =nd the concentration of that dust allowed by MSHA,
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Both samples exceed the permissible exposure limit, and contzined
concentraticns of quartz greater than 100 ug/mB. Exposures bslow this level

have been suggested ir past research as safe levels of exposure. (9,10,11)

Trace Metals

The persomal total dust samples were znalyzed for the six trace mstals:
gluminuz, chromiuvm, cobalt, magneslum, manganese, and aickel. Frorm the
- personal samples, mone of the metels were found in concentrations greater than
thz MSHA permissible exposure levels or the ACGIE recommended TLV's. Area
total dust samples were collected throughout the plant and analyzed for the
gsame gix trace metels. Althousgh we attempted to place the arez samples io
locations representative of wozrk arezs, these stationary samples should not be
conziderad estimztes of perszomal ezpeosure, Thelr purpese is to document the
pregence of these metals inm zirborme particulates and their relative
concentrations, Aluminum and magnesium are commonly found in the dust
particles. Mangarmess, chromium, cobalt, aznd nicksl are occzsionally found.
Aluminum is present in the greztest concentraticn, followed by magneszium. BRaw
meterial, clinker, and finished cemeut dust all contain slumipum and
maznesium. Variztion in the preszence of peatals and thelr concentration may be
czused by differsnces im miliing of processing. We chose to peasure thess six
-metals becauss nickel gnd chropium are suspacted carcinmogens, and aluminum,
~magnesium, mangansse, and cobalt are suspected pneumoconiosis or bronchitis
'producing agents. There ave no past studles to indicate that these-elemants

will cause zny disezse in the form or concentrations found in a eement plant,
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This study will look for correlations between respiratory health problems and

exposures to these elemsnts.

The four samples analyzed by ICP-AES were also for purposes of documenting the
presence of these metals in airborne particulates snd their relative
concentrations. The metzls primarily found in all the dust types ars:

2luminuz, calcium, iron, m=gnesium, and sodium.

Asbastos

In this survey we found no asbestoz present in the raw materials, NIOSH heas
survavad quarries and raw materials associated with cement plants, as well as
other limestome quarries. No asbestos has been found durimg any of these
surveys., 1t is possible that gquzrried rock may be contaminzted with asbesstos
fibars dus to the occurrence of smzll deposits of asbestos—bearing Tock in the

overburden or the quarried strata. If this occcurs at all, we expsct it to be

gxtremely rare.

Oxides of Sulfur

A sulfur diczide concentratiom of 0.14 ppm wzs found 200 yards east of the
plant, where an ioversion was was pushing stack emissicens down into the yard
area. This level is belewy the WIQOSE recommended standazrd of 0,5 ppm, ACGIH
TLY ¢f Z ppm, and MSHA PEﬁ cf S ppm. This mezsurement shows howavar that
exposure to sulfur dioczide m=y cccur., Exposures to grester concentrations may
occur because of brezkdowns or breaches in the kilm exhsust system. Also, if

the sulfur content of the kilm fusl 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 bronchocomstrictive effects of
sulfur dioxide. (14) Nevertheless, workers should not experience irritation

or respirztory changes attributable to 502 or sulfates at levels detscted at

Lehigk. (1, 12, 13)

‘Kitrogen Dioxzide

Nitzogzen dioxzide 1s & reddish~brown gas which is & common contaminant in the
exhzust of intermzl combustion engimes. It is am irritant to the mucous
membranes and its ickslation m2y ceause coughing, sometimes severe, which may

be accempanied by miid or tramsient headache. (22)

Bzsed on animal studies, a ceiling limit (the concentratioms, not to be
exczeded even instzntaneously) of 5 ppm has bezn recommended. (23) This level
was considered sufficieatly low to insure againzt immediate injury or advarse
- physiclogic effects from prolomged daily exzposures. The present federzl
standard (MSHA and OSEA) for mitrogzen diczide is 5 ppm ag an 8-hour
time-waighted asverage (TWA). (24) This was basad upon the ACGIH TLV ezcept
that the celling designation was omitted. (27) A nuwber of human experiments
-and animal studiez suggest that humace with nermsl respiratory function may be
affected by exposure 2t or below this level and that the comditicons of workers

'with disease suck as bronchitis may be agzravated by euch exposures,
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(25,26,27,28) NIGQSE recommends a ceiling of 1 ppe to protect workers with
pre-existing chronic bronchitis., ACGIH maintains 2 STEL of 5 ppm and a2 TWA of

3 prm.

All of the 30 samples taken azt Lehigh Cemsnt were below the recommendsd

standard.

Toxic Gases
Ho sulfur dioxide was detected at the coal stoker of the raw mills or the fesd
araa for the kilms. Above the coal stoksr 5 ppm carbon monoxide was detected,
' In the czb of 2 quarry truck which was making 2 routire haulimg cyele, 0.5 to
1.0 ppm of oxides of nitrogen were detected. Carbon momozide, coxzides of
nitrogen, and sulfur diozide are common contaminants in exhaust gases from the
burning of fossll fuels. Portlaad cement plants have several arezs which mzy
be contaminated with these exhaust gases, At this facility the kilns zre
fired with pulverized cozl. When coal, a carbonacecus material contzining
sulfur and nitrogen compounds, 1s burmed in the kilns, these gasez zre
produced. Gasoline and diesel powsred englnes of locometives, quarzy
equipment, transport trucks, and forkliftz releases carbon monzide 2nd oxides
of pitrogen iz theilr exhsust. It is our judgement, barzing unforeszsn
=mechanical or mainten=znce problems, that the workers are exposed to very low

or insignificant levele of thess gases,
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Ammoniz was detected inm concentrations of 2,0-2.5 ppm in the breathing zome of
1zb workers while analyzing cement samples by wet chemical techmiques,
Although concentrationse may be somewhat higher instzntaneously, exposure lasts
for no more tham 5-13 minutes, only once or twice during a2 shift. There

should be mo irritative problems at these levels of ammonia,

Background Samples

Samples placed upwind of the cement plant exhibit very low levels of dust. No
trace mstals, ssbestos, or crystalline silica were detected cn these
background samples. The background respirable and total dust levels may
fiuctuste with changes in atmospheric conditions. These dust levels represent
the dust exposures people would experience by just being in the comzunity.

Czne approach to data sm=lysis might be to subtract these dust lewels from
measured plant concentrations, This would give values which represent the

2dditional dust burden attributed to the operation of this plant. Tables 2
and 3 list the background respirzble dust levels and their descriptive

statistices.

Conclusion

The respirable and total dust levels for most jobs at the Lehigh Cement Plant
in Mitchell, Indianz are balow recommended exposure levels, One respirable
~gample from 2 dust collector excseded the ACGIH reccommended levzl for

- resplreble nuisance particulzte. Thres totzl dust eamplezs, from & crane
oparator, vacuum truck driver, and mill helper, exzcesded the 10 mg/m3 MSHA

standard for totzl ruisance dust. Two respirable dust gamples from a laborer
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arnd 2 dust collector contained detectable levels of quarrz., Both of these
samples exceeded the MSHA-PEL for respirable quartz. Of the dust contzmipants

measured, only gquartz is considered to bes present in excessive coancentrations.

Recommendzations

Engineering controls are the most effective means of reducing worker exposure
to airborne dust. These controls should be maintained in efficlent working
erder, Ventilation design to remcve the dust from the zir once it is
generated and separation from the dust by emclosing either the worker or the
dust are effective mezms of contrcl. The priority for implementing dust

control measuzes should begin with areas of highest exposure,

‘Mzzsurements detecting overexposures frem the dust collectors, wacuum truck
driver, laborers, and mill helper were of workers involved in mzinten=nre or
clean-up coperatioms., It is difficult to implement controls to protect workers
involved in these types of operztions simce their duties m=y take them into
non-routine work statioms, 1In these cases, workeTrs mzy need to be provided
witk personzl protective devices, Howaver, the crane cparator is enclosed in
a2 stationary position. The cTame cab could be modified with tighter gezls znd
-an air filtsrinz veptilstion system to reduce dust lewvsls inside the cab. We
‘vecommend that these jobs bs pericdically monitored tc assure compliance to

Tespirable and total dust and crystalline silica standards,



24

Although engineering contzols are the recommended course of action, personal
protective equipment (respiraztors and goggles) may be used by workers whemsver
enginesring controls are not available or during maintenaoece, repalr, and
clean—up operatlions. The disposable paper or cloth respirztors do not form an
occlusive sezl betwsen the respirztor zmd the face. Dust particles would bes
able to pass through leaks between the resplirztor and the face. Whenever
woTkers zre potentizlly exposed to excessive quartz concentrations, quarter or
hzlf mask dust—fumes-mist respirators should be used. The disposable
tespirators will, however, provide some protection to workers exposed to
nuisance particulstes. If workers complain of eye irritation, full-face piecs
respirators may be used instead of hzl1f or quarter mask respirators to
alleviate the problems. It is suggested that workers bz involvad in the
selection of a2 confortable NIOSE/MSHA approved dust-fume-mist respirator and
be fit-tested toc emsure that they zre adsquately protected,

The corrective actions recommended should be viewed as scientific guilidance.
Thete i3 no legal requirement that you implemsnt any cf thes= recommsndations,
and o assurance that these actions, if implemented, would be sufficient to
prevent future citations for non—compliance. Nevertheless, it is anticipated
that implementzation of the recommendations listed iz this report will reduce
airborne dust levels at this facility, and impreve the envirommental

conditions of the workplace.
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Table 1
Environmental Investigations Branch

Industrial Hygiens Survey of Cemsnt WoTrkers
Lehigh Cement, Mitchell, Indianz

Number of Szmples With Detectable Levels of Contaminants

# Samples # Samples with Limit of
Contaminant Collected Detectable Conc. Detection
Respirable dust 56 56 0.01 g
Total dust 13 13 .01 mg
Quartz 40 2 0.03 ms
Cristobalite 40 o] 0.03 mg
Aluminum 32 13 .20 mg
Chromium 32 2 0.004 mg
Cobalt 32 2 0.005 mg
Magnesium 32 28 0.002 mg
Manganass 32 2 0.002 mg
Nickel 32 3 0.004 mg
Aszbestos 13 0 4500 fibezs
Sulfate | 6 6 0.005 ms
Sulfite 6 3 b.Ul mg
Sulfur dioczide 6 1 G.005 mg

¥itrgen dioxide 30 30 0.02 pprm



ENVIROMHMENTAL IMVESTIGATIONS DRAMCH
CEHENT MNORKERS HORBIDETV STUDY

Table 2 LEMTBN CEMENT  MIVCHELL, YNDYAMA
PERSOMAL RESPIRABLE BUST COMCEMTRATIONS, MG/M3
GROUPED BY EXPOSURE ANEA
i ————— ——— AREA=BACKGROIND
JoB DATE SHIFT  DUSTMGH3
BACKGROUA®D  1BHOVBL 2 0.01
BACKGROUMND  19HOVAL 1 0.17
BACKGROUND  20NOVEL 1 0.01
BACKGROUND  23MOVAL 1 .01
------------------ AREA=RAK ———
Jon DATE SHIFT  DUSTHMGM3
FRONT EMD LOADER 1500va1 1 0.17
PRIMARY CRUSHER OPERATOR  15NHOVB1 1 1.19
CONVEYOR OPERATOR 19N0Ve81 1 0.85
HECHANIC (CGUARRY) 20NOVA1 1 0.65
FRONT END LDADER 20HOVE1 1 0.12
DRILLERN zoNOvaL 1 6.49
DRILLER 23M0VB1 1 0.24
QUARAY TRUCK DRIVER 23H0val 1 9.77
GUARRY TRUCK DRIVER 23HDVB1 1 0.76
----- o e = e e e e et S e AREAZCLINKER = m e ——-
Jos DATE SHEFT  DUSTHGM3
KILM HELPER 18H0V61 ) 0.37
KILN BURNER 18M0v61 ? .05
KILM HELPER 18N0VB1 2 0.50
VACUUM TRUCK DRIVER  20NOVAL i 1.50
KILN BUTNER 20NOVB1 1 0.19
KILN BELPER . 20H0VBL 1 0.69
KILN HELPER 20HDVA1 3 0.71
KILM HELPER 2IMDVAL 1 2.3
——— —————— AREASFINISH ~e—mmme=m-n ——
' Jos DATE SHIFT  DUSTMGM3
LOCOMOTIVE OPERATOR  10HOVAL 1 0.74
BULK LOADER 19M0VAL 1 2.78
LOCOMOTIVE OPERATOR  19NOVBL 1 0.85
BULK LOADER 19MOva1 1 1.64

1A



Table 2

EMVIROASENTAL INVESTIGATIONS BRANCH
CEMENT WORKERS HONBXODITY STUDV

LEHIGH CEHENT

HITCHELL, INDIAMA

PERSONAL RESPIRABWLE DUST COMCENTRAYYONS, MG/H3
GROUPED BY EXPOSURE AREA

o

e el

Joi

SHIFT FOREMAN
MILL HELPER (HMIX)
HILL HELPER (HIX)
CRANE OPERATOR
HILL OPERATOR
HIY CHEMIST
OXILER {GENERAL}
CHANE OPERATORN
HILL HELPER (MIX)
YARD HONKENS
SHIFT FOREMAH
NEPATRHAN
HACHINIST
UTILITY (SHIFT)
JANITON

MELDER

RNEPAIRMAN
ELECTRICIAN
LARORATORY MOAKER
LOCOMDTIVE OPERATOR
VARD WORKENS
MILL OPEQATOR
LOCOMDTIVE OPERATOR
HILL MELPER (HIX)
HILL OPERATOR
CRANE OPERATOR
SHIFT FOREHAN
LABORATORY MWORKER
REPATRHAN

LABDRER

LADORER

DUST COLLECTOR
REPAIRHAN

LABORER
REPATRHAN

AREA=MIX
DATE SHIFT DUSTHGMS
lannval 2 0.14%
1aNDVB1 2 0.464
latovsl 2 0.52
laNoval 2 1.29
l1anoval 2 09.37
14NDVYB1 2 6.38
19H0vB1 1 0.146
19N0VA1 1 .26
19N0VSB1 1 0.93%
19x0val 1 0.18
1980VA1 1 .28
19M0VB1 1 0.55
19N0VAL 1 0.10
15N0VB1 1 1.41
20N0VAl "1 0.25
20H0VBL 1 0,29
20H0VAL 1 0.28
20N0VAL 1 0.66
20M0vVE1 1 1.58
20HDVB1 1 0.52
20HDVA1 1 0.91
20H0Val 1 2.54
20M0VA1 1 1.16
20H0VAl 3 2.49
20N0VE1 3 2.26
20HDVAL 3 1.20
20Noval 3 z2.27
20N0VB1 3 1.80
23N0VB1 1 1.19
23INDOVAL 1 1,09
23Hovel 1 3.Nn
23IN0VA1 1 10.43
23NDVBHL 1 1.38
23iNovol 1 .77
23NDVA1 1 0,76

62



Table 3

AREA

BACKGRORE
RAKH
CLINKER
FINISH
HIN
PLANTHIDE

PENSONAL RESPIRABLE DUSYT CONCENTRATIONS, HG/H3

© SAMPLES

4
9
a
4
35
56

ENVINIGNHENTAL ENVESTIGATIONS BRAMCH
CEMENY MONKERS HONBIDIVY ISTUDY
LEHYGH CEMENT

HEAN

0.05
0.61
0.80
1.50
1.29
1.13

510

0.08
0.36
0.77
0.94%
1.81
1.50

HITCHELL, INDIANHA
()] 650
0.02 4.15
0.48 2.24
0.498 3.37
1.30 1.85%
0.77 2.73
0.69 2.72

HLEBD

SoosoeD

HIN

0.01
0.12
0.05
0.74
9.10
0.05

HAX

0.17
1.19
2.36
2.78
10.43
10.43

0ot
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Table 4

ENVINOGHMENTAL DESTIGATIONS BRANCH
CEHENT HORKENS HORRIDITY STUDY
HITCHELL, INDIAMNA

LENIGH CEHENY

QUANTZ COMEENTRATION OF DERSCHAL RESPINABLE GUSY SAHPLE

QUARYZ CONCENTRATION IM HICROGRAMS PER CUDIC METER (UG/H3)

JOop

DAYE

PRIMARY CRUSHER OPERATOR 19H0VAl

CONVEVOR DPERATOR
FRONT END LOADER
FRONT END LOADER
DRIELLER

QuARRY TRUCK DRIVER
DRILLER

QUARRY TRUCK DRYVER
VACIARY TRUCK DRIVER
KILN HELPER

DULK LOADER
LOCAMDTIVE OPERATOR
BULK LOADER

HILL OPERATOR

HILL HELPER {MI¥)
HXLL HELPER (HIX)
CRANE OPERATOR
REPAINHAN

CNANE OPERATOR

HILL HELPER (HIX)
UTILIYY {SHIFY)
OILER (GEMNERAL)
LABORATORY HORKER
ELECTRICYAN

HILL HELPER (HIX)
HILL OPERATOR
REPAIRHAN
LOCOHOTIVE OPERATOR
HILL OPERATOR

CRANE OPERATOR
LOCOMOTIVE OPERATOR
LABORATORY MORKER
YAND WORKERY

SHIFT FOREHAN
LABORER

LABORER

DuUSY COLLECTOR
REPAIRHAN

LABORER

REPATRHAN

1oNOvVaL
19N0VB1
20HOVE1
2oH0vAL
£3n0vael
23Hov81
23Hovael
2o0H0vVel
23novel
19M0VAL
1on0VAL
19H0VEl
18H0VE1
18N0VBL1
1aNOVaL
1640VHL
19M0VAL
19nHOVal
1080VA1
10H0VA1
19HOVAY
20H0V81
20H0VAL
20H0OVA1
2o0N0val
20H0VA1
20H0val
goNaval
2ONOVBL
2oHOVA1
2000V81
20HDOVE]
20N0OV81
23N0val
23N0val
23N0VE1
23N0Val
23N0val
23Hoval

AHIFT

P b o et s e Gk b Gl e Ll Gl e e ] e el (el et B B N P G e e e e ek e e e et e

[l ]

ZZIT X

PR I I I I I T I T I I I I I I L L A TS I 22T ZTI==X

pCY_S102

~ 2

QUARTZ

eI I I I I I I I I I I I I I L I L LTIz =

116.95%
176.72

AREA

nAH
RaU
RAW
RAK
RAI
RAW
AW
RAW
CLINKER
CLINKER
FINISH
FINISH
FINISH
HIX
HIX
HIX
HIX
HIX
HI¥
HIX
MIX
HIXY
MIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIX
HIY
HIX
HIX
HIX
HIX

133
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Table 5
Environmental Investigsztions Branch

Industrizl Hyglene Survey of Cement Workers
Lehigh Cement, Mitchell, Indiana

Detectable Quartz Compared to MSHA Permissible Exposure Levels

‘ Levels of Dust Conc. Quartz Comc. MSHA PEL
Job Mg/m3 % Quartz  ug/m3 mg/m3
Laborer 3.91= 3.0 116.95 2.0
Dust Collector 10,43=* 1.7 176.72 2.7

%Indicates measured concentration excesds the MSEA Permissible Exposure Limic.
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Tahle 6

ENVIROMHEMTAL IHVESTIGATIONS BRANCH
CEMENT HORKERS HORBINITY SvUNY
ENY HITCHELL, IHDIAHA
PERSONAL TOVAL DUST COMCENTRATIONS, HG/M3
GROUPED AY EXPOSURE AREA

LENIEN CEH

Jon

BACKGROLAA)
BACKGROUND
BACKGROUND

AREA=BACKGRORED

Joa

ELECTRICIAN (RAW)
QUARRY TRUCK DRIVER
COMVEYOR OPERATOR
PRINANY CRUSHER OPER
FRONT EMD LOADER
HILL HELPER (RAW)

-

Jos

KILN HELPER

——————————— -

Job

INSTRUMENT DEPARTHE
HACHINISY

PAINTER

HILL. HELPER (HIX)
CRANE OPERATOR
VACULRM TRUCK DRIVER

DATE SHIFT DUSTHGHY
19n0val 1 0.40
20K0V81 1 0.99
23H0val 1} 0.00
AREA=RTAH ——
DATE SHIFTY DUSTHGM3
19H0Val1 1 2.87
19H0VE1 1 1.06
2oNOVAl 1 3.05
ATOR 20NOVA1 1 2.35
Z0NDVel 1 0.26
20H0VaL 1 5.89
= AREA=CLINKER ———
DATE SHIFT DUSTHEH3
23HDVBL 1 6.00
=== AREA=MIY —---mommm e e ——— -- -—
DATE SHIFT DUSTHEH]
NT 19h0Val 1 1.88
19h0Vel 1 0.9
23H0veL 1 5.75
23IN0VOL 1 10.42
23N0Val 1 19.79
23Hovel 1 12.66

ce



Table 7

AREA

BACKGROUND
RAK
CLINKER
HIY
BLANTUIDE

SAMPLES

3
6
1
é
13

ENVIRONHENTAL YNVESTIGAYIONS BRANCH
CENENT MORKERY HORBIDIVY STUDY
HIVCHELL, JHDYIANA

LEHIGH CEMENY
PERSONAL TOTAL DUST COHCENTRATIONS, HG/M3

HEAN

0.47
2.58
6.00
a8.58
5.61

81D

68.49
1.95

7.16
5.65

GH

0.12
1.80
6.00
%.50
3.1

63D

18.47
2.98
j.23
j.2a

HLOD

‘MIN

0.00
8.26
6.00
0.90
0.26

HAX
0.99
5.00
6.00

19.79
19.79



Flgure 4

ENVIROMMENTAL INVESTIGATIONS DRANCH
CEMENT UORKERS HONMBINIYY STUDY
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ENVIROMMENTAL TNVESTIGATIONS BRANCH
Table 8 : CEHENT MORKERS HORDIDYTY STUDY
LENIGH CEMENT MITCHELL, INDIANA
TRACE HETAL CONCENTRATIONS OF PERSONAL TOVAL DUST SAHPLES
CONCENTRATIONS IN MICROGRAMS PER CUBIC HETER (UG/H3)

AREA DATE SHIFT Jon AL_UGH1 CR_UGH3 Co_UGH3 HG_UGH3 MH_UEH3 HY_UGHMI

RAK 19M8pVAY 1 ELECTRICIAN (RAW) in H N 24 N H
Al 1980VAY 1 QUARRY TRUCK DRIVER N N N % N ]
RAK 20NDVA1L i FRONT END LOADER N N N N N L
NAW 2oHOVAL 1 HILL HELPER (RAW) 85 H H 53 N N
RAU 2080val 1 PRINARY CRUSHER OPERATOR N H N 12 H H
RAU 20H0Val 1 CONVEYOR OPERATOR N N N 17 ) H
CLINKER 23H0VE81 1 KILN HELPER %6 N N 60 N H
HIX 1gHoval 1 HACHINIST N N N 3 N N
HIX 19HOVal 1 INSTRUMENT DEPARTHENT N N N 9 N N
HIX 20N0VaY 1 HELDER 970 728 12 582 14698 412
HIX 23R0val 1 HILL HELPER (HIX) 147 H N 23 N H.
HIX 23n0v8l1 1 CRAHE OPERATOR 315 N N 264 H N
HIX 23n0val ] PAINTER 6B H N 113 N N
HIX 23Noval 1 VACUUN TRUCK DRIVER 172 N N 132 N H
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Alumipum
- Chromium
Cobalt
Mzgnasium
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Nickel
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Table 9
Envircnmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
Lehigh Cement, Mitehell, Indians

Summary for Personal Trace Metal Concentratioms in
Mlcrograms per Cubic Meter (ug/mS)

N Mezans Std.dev, Minimum Mzxiaoum
8 239 309.62 38 .970
1 728 - 728 728
1 12 - 12 12
i3 105 161.04 3 582
1 1698 —_ 1698 1698

Z 209 288.26 5 412



Table 10

AVEA

BALKGROD
BACKGROUND
BACKGROUND
RAK

naH

faH
CLIMKER
CLINKER
CLINKER
CLINKER
FINISH
FINISH
FIHISH
FINISH
HIX

HIx

HIX

HIX

BATE

lounval
20NDVB1
Z3NDVAY
lanoval
19nDVaL
23noval
lanoval
1aM0val
zoNnval
23n0val
19M0va)
2onaval
2onoval
23Havel
lanavel
19NovAL
19H0vVElL
23NovBl
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ENVIRONHENTAL TNVESTIGATIONS BRAMCH

CEHENT MORKERS HORBIDITY STUDY

LEHYGH CEMENT

HITCHELL, INDIANA

TRACE HETAL CONCENTIATIONS OF AREA TOYAL DUST SAHPLES
CONCEHTRATIONS IH MICROGRAMS PER CUBIC METER (UG/H3)

Joa

BACKGROUND
DACKGROUND
DACKGROUND

BACK EMND OF KILH
PRIHNARY CRUSHER
FEED END RAH MIILS
FRONT EHMD OF KILHN
CLINKEN CODLER
CLINKER COOLER
CLINKER COOLER
BULK LOADING SILOS
FINISH BALL HILLYS
BULK LOADING SILO3I
BULK LOADING SILOY
HILL ROGH
HAINTENANCE SHOP
OVERHEAD CRAME
HILL ROOH

AL_UGNS
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Table 11
Environmental Invegtigations Branch

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

Summary for Area Trace Metal Concentrations in
Miercgrams per Cubilc Mester (ug/m3)

N Means Std. Dev, Minimum
4 197 167.62 93
14 52 95.28 1
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Table 12
Environmental Investigatioans Branch

Industrial Hyglens Survey of Cement Workers
Lehigh Cement, Mitchell, Indiiana

Trzce Metzls Concentrations as Heaéured by ICP-AES
Concentrations in Micrograms per Cubic Meter (ug/m3)

Ezposure Categories

Mill Rm. Clicker-Cooler Bagging Finish & Clinker

Mztals Grey Plaznt Grey White Plant Cocoler White Plant
Aluminum 505.3 1%9.7 94.6 1415.4
Calcium 13102.6 705.3 1702.3 35230.8
Chromium 3.42 N N N
irco 571.1 24.5 84.9 14846
Lithium 3,16 )3 N 9.23
Magnesium 318.4 16.3 59.3 1161.5

- Mangamnesge 4.7 N N 15.38
Sodium . 49,13 7.8 22.1 125.15
Phosphorus N 2] N N
Lead N N N 15.4
Titanium 30.3 N 5.1 : 70.0
Zinc 3.2 N N N

The following elements were amaiyzed fcr, but were less than 0.5 ug/fiiter iz 211
samples: silver, arsenic, beryllium, cadmium, cobalt, copper, molybdenum, nickel,
platinum, selenium, tin, telluriuvm, thallium, vanadiuwm, yttrium, and zirconium.



ENVIROAHENTAL TNVESTIGATIONS BRANCIE
CEMENY MORKERS HORBYDIYY STUDV
Table 13 LENIGH CEMENT  MITCHELL, YNDYAMA
ANALYSIS OF BULK MATERIAL PRESENTED AS PERCENT BY MEIGHT

AREA Jon GUARTZ cRISTH AL cr €o MBE HN NI ASBEST
RAK RAK HATERTAL 4.4 H 1.60 N 0.009 06.92 h.m3 0.007 0.0
RAW RAL MATENTAL 24.2 N 5.10 0.004 0.006 0.46 0.012 0.007 0.0
Rau RALY HATERTAL i.0 H 0.30 N a.008 0.65 o.008 0.005 a.0
nAl RALY MATERTAL N N 6.90 0.008 0.009 0.28 0.0zl 0.011 a.d
AN RAW HATERIAL 49.2 N 0.30 N N 1.30 D.026 N 0.0
Ral A HATERIAL 1.0 N 1.80 0.004 a.010 1.10 0.013 0.008 o.0
RAN ALY HATERTAL 1.0 N 1.90 0.005 0.010 i.10 0.012 0.008 0.0
nau RAIL HATERTAL H N 0.13% N 0.o08 0.46 0n.010 0.006 0.0
nAW RAW HATERIAL 1.0 H 0.33 H 0.009 i.10 0.008 6.006 0.0
Al frAl HATERIAL N H 0.17 ] 0.008 0.55 n.007 0.006 0.0
RAW RAU MATERIAL 1.0 N 0.14 N 2.609 0.85 b.008 0.006 0.0
CLINKEN CLINKER N N 2.20 0.006 a.011 1.20 6.011 0.009 0.0
CLIMCER CLINKER N N 2.30 0.006 2.012 1.20 D.011 0.009 0.0
CLIMCER CLINKER H N 2.50 0.004 f.012 1.10 0.011 0.009 0.0
CLINKER CLINKER H N 2.10 0.008 0.013 1.30 0.011 0.010 0.9
FINISH FINISH N H 2.40 8.005 0.012 1.40 0.015 0.009 0.0
FINISH FINISH N N 2.60 6.005 0.013 1.40 0.014 0.009 0.0
FINISH FINISH H H 2.70 n.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
HIX RAL CLINKER FIMISH N N 2.50 9.005 a.012 1.30 0.013 0.009 0.0
RAM ABSORBENT 5.7 N %.20 0.015 0.004 0.96 a.0048 N 0.0
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ENVIRONMENTAL INVESTEGATIONS BRANCH

Table 14 . CEMENT HONKENS MORBIDITY STUDY
LEHIGH CEMENY MITCHELL, THDYAHA
SOX CONCENTRATIONS
J08 DATE SHIFT  AREA  S04_UGH3  SO3_UGMI  S02_Ppy

BACK END OF KILM  IAHOVBL ] nau 11.33 ] 0.01
BACK END OF KILN  19HOVY 1 AN 24.65 7] N
BACK END OF KXLM  19HOVSlL 1 nau 24,65 N N
YARD 2000V 1 HIX 49.03 24,51 0.14
OVERHEAD CRANE 2oHavel 1 HEX 81.63 N N
YARD 20H0VaL 1

HIX 53.93 34.32 0.14
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Table 15

ENVIROMMENTAL IHVESTIGATIONS BRANCH
CEHENT MORKERS HORBIDYYY STUDY
HIVCHELL, INDIANA

LENIGH CEMENT
HOZ CONCEHTRATIONS IN PPH

JoB

BACKEROREN
BACKGROUND
FRONY END LOADER

FRIMARY CRUSHER OPERATOR

CONVEYOR! OPERATOR
HECHANIC (QUARRYS
FRONT EMND LOADER
PRILLER

VACUUH TRUCK DRIVER
KILN BURHER

KILN HELPER
REBRICKER
LOCOMDTIVE DPERATCR
BULK LOADER
LOCOMDTIVE OPERATON
BULK LOADER

OLLER (GENERAL)
CRANE OPERATOA
HILL HELPER (MIX)
YARD HORKERS

SHIFY FOREHAM
REPAIRMAN
HACHINISY

UTILYYY (SHIFT)
JANITOR

HELDER

REPAIRMAN
ELECTRICIAN
LABORATOAY WORKER
LOCOMDTIVE OPERATOR
VARD WORKERY
LOCOMOTEVE OPERATOR

DATE

15NDVB1
20M0VB1
19HOVAL
19HOVOL
19HOVAL
20H0vV6L
ZoNoval
20NOVA1
20Hovel
20NHOvel
20Novel
20H0VD1
10HOval
19HavVal
19N0VB1
19N0vVel
19Hoval
10HOVel
19H0vVHaL
15N0VE1
19H0VB1
19N0y81
10H0Vo1
19HOVE1
20N0Vel
20NDVA1
20H0VA)
z2aNoval
20HOVEl
2o0NOvel
20HOVBL
20Novsl

SHIFT
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AREA

DACKGROUND
BACKGROUND
nay
RAK
Al
AW
RAW
RAW
CLTNKER
CLINKER
CLINKER
CLINKER
FINISH
FINISH
FINISH
FINISH
HIX
HIX
HIX
HIX
HIX
MIX
HIX
MIX
HIX
HIX

HIX

HIX

HIX

HIX

HIX
HIX

CONC

0.10
0.03
a.04%
0.0%
0.04
0.07
0.04
.03
0.10
0.03
0.04
0.09
0.07
0.11
0.06
0.08
0.04
0.03
0.03
0.04
0.06
0.1%

0.06
0.03
0.0%
0.07
0.09
0.04
0.07
0.04
0.02

9%
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Table 16

Environmental Imvestigations Branch
Industrizl Hyglene Survey of Cement Workers
Lehigh Cement, Mitchell, Irdiana

Direct Reading Indicator Tube Cecncentrations in
Parts Per Miilin (PPH)

Area Date 802 co NOX NH3 ECL
Just cutside will control Nov. 18 0 0 0
TOOm nexXt £o cool stoker
Feed for kiln #2 and #3 0 0 0
0 0 0

Inside Quarry truck Nov. 19

downhill 0 Q.5 1]

uphill 0 1.0 4]
Truck uniczsd for
primary crusher 0
Mezt to cozl stoker Nov. 23 4] 9] 0

for raw mills

2nd fleoor of mill room 5.0
above coal stoker

In bresthing zone of 1lab Nov. 23
woTker while gnzlyzing

cement samples by wet

chemistry
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Physiologiczl Response

. The mzin funection of the lungs is to keep the oxygen and carbon dioxide
content of the arterial bleood within 2 certainm narrow range. In order to
accomplish this, the lungs must bring the blood in conmtact with the air. The
lungs are ventillated by a bellows acticn, wﬁen the chest cavity is expanded by

the contzaction of the diaphragm. This creates z negative pressure in the

iungs causing air to rush im,

When & person breathes, asir is drawn through the nese into the nasophzrynz and
tzachez, From there it reaches the alveoll or zrea of gas exchange through 2
systen of ducts: the bronchi, respiratery bronchioles, and the terminal
bronchioles. It ig in the alveoll where the blood is oxygensted and carboz
dicxzide diffuses into the lumgs to be exerated. Deposition of aifborne
paTticles occurs as a2 conssguence of several different physical processes. Of
primary concern are sedimentation, imertial impacticn, and diffusion.
Sedimesntation ig simply the settling ocut ¢f particles onto respiratory tissue
under the influence of gravity. Imertial impaction cccurs when the momantum
cf particles being carried along in an air curreant carriez them along thelr
origiznal path when the air current changes dirsction. The particles may then
be deposited on the surface of respiratory tissue, Bezides sedimezntation and
impactien, very small pafticles are affected by diffusion. Since movament of
small particles im air is completely random, those that are ir close prozimity

to the zlveolar wall are likely to ecllide with it and hence be deiosited. (15)
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In order tc remove paTrticles from the respiratory system, two sepaTate
mechanisms arte pfesent. Those particles deposited in the upper airways are
removed by the mucoclliary escalator. 1Ic the upper airways there is a series
of tiny hairs or cilia which are continuzlly 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 terainzl bronehicles and the alveoli, deposited material is removed by

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

Problems arise, howsvar, when the respiratory system is overcome, Whensver
there is a2 high concentratlien of dust, the mucoclliary esczlator and the
phagzocytes may not be able to remove all of the particles. Also, the
particles may possess unique properties which prevent the natural defemses of

the lung from eliminating them.

It is the intent of this study to determins which materizls mezy be toxic to

the respiratory eystem, &nd what conceztTetlon and durationm of exposure may

produce physiclogical chanzes,



