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Executive Summary

The Lone Star Cement Plant in Nazareth, Pennsylvania was surveyed by 2 NICSH
tezm of industrial hygienists, on March 11 and 12, 1982, Samples were
collected and analyzed for respirzble and total dust, free crystzlline silica,
zluminum, cobalt, magnesiﬁm, manganese, nickel, other trace elements, azsbestos

znd nitrogen dioxide.

The respirable dust levels for most jobs are below recommsnded exposure

levels, However, one szmple from a mill helper exceeded the ACGIH recommended

level of 5.0 mg/m3 for respirable nulsance particulate. Two total dust
samples worn by a packer and a maintenance worker excesded the MSHA standazd
ef 10 mg/m3 for nuisznce dust. Of the dust contaminants mezsured, only
quartz is considered to be present in excessive concentrations. Exposure to
quarttz was observed in assocization with raw materizls, clinker, and masonry

cement. Three respirable dust samples exceeded the MSHA-PEL for respirable

quartz,




Introduction

The Nztiomal Imstitute for Occupationzl Szfety aznd Health (NIOSH) has
undertaken a8 study tc determine the effects of materials found in Pertland
Cement fzcilities on the human resplratory system. A representative group of
plants in the United States has been randomly chosen for inclusion in this

study. Leone Star Cement in Nazareth, Pennsylvaniz was the sixzteenth of

sixteen plants to be surveyed.
Fach plant survey consisted of:

1. Mediczl testing of employees to determine the prevalence of

respiratory disease.

2. Envirommentzl sampling to determine the presence ard concentration

of various contaminants.
Medical and environmental testing were not done duzing the same wesk.

This report deals with the environmental aspect of the study. The
envirommental surveys are primsrily concerned with the composition and
concentrztion of alrborme dust particles. It is important to characterize the
presence of toxic contaminants as completely as possible, so that, if

respiratory problems are discovered, the proper contzminant may be implicated



as the czuse of dlsezse. Therefore, toxic gases and metals are zlso
monitored. A majcf wezkness of much of the past mediczl research of worker
pepulations in Portland cement plants {s the lack of complete documentation of
the respiratory hazards to which workers are exposed. For these reasous,

 comprehensive industrizl hygiene surveys are a very important espect of the

Cement Workers Morbidity Study.

The Lone Star Cement plant in Nazareth, Peﬁnsylvania was surveyed on Thursday,
March 11 and Friday, March 12, 1932, by Greg Pilacitelli and Wayne Sanderson.
The plant is loczted near downtown Nazareth. The plant was buillt adjezcent to
a limsstone quarry which serves as a czleivm and a2luminum source for cement
fruduction. We did not survey the quarry workers at this plant, however.
Qther raw materials such as iroz ore snd sand are trucked in from other

~ cowmpaniss. The raw materials are blended aznd milled in rotating ball mills

arnd then stored until needed for clinker production. Clinkers are produced in

four kilns by the dry process method. Two of the kilns were built in 1936 and
two were built in 19537. All four kilns are fusled by pulverized cozl, Only
the two newer kilns were in cperation during our survey. Gypsum is zdded to
the elinker and it is milled in rotating ball mills to increase finmeness; this
msterizl 1s Portland cement. Lone Star manufactures seven types of cement at

this facility, and they are bagged or loaded as bulk in trucks or raillear,



Methods and Results

Personzl Respirable and Totzl Dust Samples

It wes 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
Tespirable or total dust sampler. To collect respirable dust, air was pulled
through 2 10 nm nylon cyclone and a polyviayl chloride filter (PVC) at & flow
rate of 1.7 liters per minute {lpm) by & perscmzl sampling pump. At this flow
Tate, the cyclone separates fhe cecllected airborme dust Iato two fracrtiomns.
Those particles considered respirable pass through the eyclone and zare
collected on the filter; larger particles or those conszidered to be
non-respirable drop to the bottom of the cyclone and are discgrdad. The
coliection efficiency curve for this cyclone is prasented in Figure 1. As
defined by this curve, particles greater than 10 micrometers in aerodynamice
diazmeter theoretically would not pass through the cyclonme and be deposited cn
the filter. Whereazs, almost all the particles smaliler than 1.5 micromsters in
aerodyﬂamic dizmeter would be collected on the filter, (1) The basic sampling
apparatus for respirzble dust, minus the size selector, is used to collect
total zirborne dust, Air is pulled through a PVC filter mounted in =
polystyrene filter holder at 2 flow rate of 1.7 lpm. Those particles 20 um
and below are collected fzirly efficiently on the filter media, This of
ccurse depends also on the direction, speed, density, and nearness of the
particles tc the filter, The filters were weighed on a2 precision balance to

the nearest 0.0l miiligram (mg), before and after sampling. The weight gzin



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

caleulate airborne dust levels.,

Respirable dust levels are reported in Table 2 as milligram per cubic meter
(DUSTMGM3). The results from the respirable dust szmpling are zlsc summarized
in Tatle 3, with summsry statistics computed for each exposure category. The
"MEAN" wvzlue is an arithmetic average of 211 values cbtzined in each area; the
"STD" wvalues are the standard deviations, which is & measure of the vari-
2bility of the data. "GM" and "GSD" ave the geometric means and geometrie
standard deviations‘of the same datz respectively. Geometric values sometimes
give a2 better estimste of expected values than do normal arithmetic averages
because the effect of an occasiocnal high value is diminished in calculating
geometric means, The NLOD values zre the number of samples which were less
than the limit of detection. "MAX" and "MIN" values are maximum znd minimum
observed values for sazmples that had detecpable amounts of mzterials.
Arithmetic mean respirable dust levels are zlseo charted in Figures 2 and 3 by
process zrez and job category respectively, These are presented to provide

easy recognition of the highest exposure arezs and job categories.

After weighing, the respirable fiiters were subjected to zanalysis by x-ray
diffraction to determime thelr content of quartz and cristobalite. (2)
Crystalliné silica is reported in Table 4 as micrograem per cubic meter
(QUARTZ) zend percent quartz (PCT_SI102). A value of "K" indicates that the

mzzsured quantity was below the amzlyticzl limit of detection. Limits of



detection for each method are given in Table 1. Samples which had detectzable
guartz concentrations are alsc shown on Table 5 with their calculated

MSHA-PEL. This will be discusssd in detzil ic the Discussion Section.

Total dust levels are presented in Table 6. These results are summzrized in
Table 7. As with the respirable dust levels, arithmetic mean totzl dust
levals are charted in Figures & and 5 by process area snd job category

Tespectively.

After weighing, the totzl dust filters were ashed in aclid and anzlyzed by
étomic absorpticn (3) to detect the amount of aluminum (AL), chromium (CR),
cobalt (C0), magnesium (MG), manganese (MN), end nickel (NI) present. The
trace metzl concentrztions are reported in Table 8 as micrograms per cubice
meter of air (___ UGHM3). Ounce agzin, & value of "N" indicates that the
measured gquantity was below the limit of-detection. The limits of detection
for each element are listed in Table 1. Trace metal znalyses are summarized
in Table 9. The MEAN is the arithmetic mean of 2ll the samples with
detectzble levels of the particular elements. STD DEV is the standard
deviation of these samples and is an expressicn of the varisgbility of the
elementzl concentrations, No chromium, cobalt, or nickel wzs detected on any

of the persomal total samples.



Bulk Mzterial Samples

Samples of raw material dust, clinker, finished product, and mixtures of dust
ware collected for anzalysis. These samples were generally collected from dust
settled cn ledges or objects several feet above the floer. For this reason,
it is suspected that these particles were at one time suspended in zir befere
coming to rest. These bulk materizl szmples cannot, however, be considered
airborne szmples. This material was analyzed for content of quartz and
cristebalite by x-ray diffraction; zlumipum, chromium, cobalt, magnesium,
manganese, and nicksl content by atomic absorption; end asbestos content by

polarized light and dispersion stzining mieroscopy.

The results of these analyses are presented in Table 10, The "AREA" column
iists from what exposure category the samples were taken, or whether the
material was felt tc be predominmantly raw materiazl, clinkexr, finished Portland
cement, or a mixture of two or more types of dust. The results of anzlysis
are presented as percent by weight of materigl., For example, if 1Z of ths raw
material is quartz, there is 0.01 gram of quartz in each gram of raw

materizl, The value "N" indicates that the measured quantity was below the

znalytical limit of detection.

Nitrogen Dioxide Samples

. Mitrogen dicxzide szmpling wes done using pessive dosimeters for both arez and
personzl sampling, Full=-shift tims-weighted average exposures ware
determined. Dosimeters were constructed by cutting lemgths of zerylic tubing

to give a2 length-to—arez ratioc of 10 to 1., One end of the tube was fitted



with & removable cap-plug znd the other end was sezled with 2 cap contzining
the collection grids. These grids were ccated with triethanolamine which
quantitatively absorbs NOZ. During exposure, the cap—-plug was removed and

the contaminant gas diffused to the collection grid according to Fick's Law of
Diffusion. After collection a sulfanilamide—-phosphoric zcid-NEDA solution was
added to the dosimater, where a red coler complex with NOZ was formed. The
sclution was transferred to a spectrophotometer and the ebsorbtivity is
measured at 540 om. This was compared against a standard curve to give

nanocmoles NOZ, from which the concentratiecn was czlculated as: (14,15

conc, ppm = naznozwoles NOs

2.3 = Bours of Exposure

These samples were coliected for periods between 6 and 8 hours. The
“mezsurements reflect the average concentration over this pericd. The results
of the analysis are reported in Table 11. Nitrogen dioxzide is produced from

the combustion of nitrogen—containing organic compounds such as cozl anrd

diesel fuel.

General Comments and Schedule

Control filters were collected on site during the survey. These filters
received treaztmsnt identical to dust laden filters, except no air was drawn
through the control filters, Durlng each shift, each personal and arez
sampler wzg periodically checked for proper operatiom. If ths sampler was not
operating properly, sampler adjustmeﬁts and appropriate notations were made

and, if necessary, the results of such samples were voided.
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The environmentzl investigations team began sampling Thursday, March 11,

1982. The szmpling schedule was as follows:

Thursday, March 11 - 2nd shift
Friday, March 12 - lst shift
This schedule was used in order to adequately measure environmental

concentration differences due to dzy-to-day and shift-to-shift variations,

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

besed on the type of airborme dust each was subjected to. The categories were!

raw - exposure to raw materizls dust
clinker - expcsure to clinker dust
finish - exposure to fimished Portland cement dust

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

Although these categories are somewhat artificial, they are very important to
the design of the study., Generzlly, the dust particles within a category area
are chemlczlly zud physically similzr; however, between categories the dusts
are significantly different. The mix category serves to "catch” those jobs
such as lzborers and repzirmsn who work throughout the plant or zre ezpossd to

more than onme type of dust.



i1

Discussions and Conclusions

- This study is designed to determine if the normzl fumctiom of respirztory
tissue is impazired because of exposure to gases or particulates found in
Portland cement plants. Samples of eirborne particulate were collected in
conjunction with a medical examination that included x-rays, spircmstry tests,
and symptoms guestionnzires. Respiratory problems associated with exposure to

airborne particulate are influencd by four factors: (4)

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

4, The size of the dust particles

The intent of the environmental portionm of the study iz to determins the typss

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

This survey was not conducted for regulation compliance purposes. This data
presented here is to be used for correlation with employes medical dztz for
occupational hezith research, Ailr quzlity and physical agents in Porgland
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), edopted by the American Conference of Governmentsl Industrial

Eygienists, (ACGIH), are cited as the standards which airborme contaminznts
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are not zllowed to exceed. 1In this report these standards sesrve only as
reference levels in ozder for plant personnel to compare the envirommental

conditions of their facility.

Personzl Respirable and Total Dust Szmples

Portiand Cement is presently comsidered to be a "nuisance” dust. “Nuisznce”
particulztss, by definition, have "1ittle adverse effect or lungs and do not
produce significant organic disezse or toxic effect when exposures are kept
under reasonable comtrol. Generally, the ;ung—:issue Teactlion caused by

inhzlation of nuisance dusts has the following characteristics:

1. The architecture of the air spaces remsins intact.
2, Collagen (scar tisgsue) is pot formed to & significant extent.

3. The tissue reaction is potentlally reversible.” (5)

If zirborme particulates contzin grezter than 1X crystalline silicz, then they
are no longer considered nuisance particulates; they zre minerzl dusts. Ths
MSHA standard for nuisance dusts is 10 milligrams per cubic meter of totzl

suspended dust. The MSEA standard for minerzl dusts employs the formuls:

FEL = 10 ng/ o3
% Tespirable quartz + 2
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where the "% respirable quartz™ iIs 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 measuremsnts to the currently employed MSHA
nuisance dust standard which is based on totzl dust levels. We recommesnd
comparison of the vespirable dust levels to the 5 mg/m3 TLV for respirazble

nuisance dust recommended by the ACGIH.

Ezamining the personal respirable samples collected fzoz the various jobs,
Table 2, only one sample exceeded 5 mg/mB. This sample was collected from 2
mill helper who worked his shift on the second fleor of the mill room,

clezning up around all eight mills, and filling hoppers with grinding aids,

For all workers the geometric mean respirable dust level was 0,71 mg/mS.

Twe personzl total dust szmples, Table 6, exzcesded 10 mg/ms. These samples
were worn by 2 packer and a2 maintemance man working in the packhouse, The

geomatric mean total dust level for zll vorkers was 7,72 mg/mB.

Because of the differenmces in worker duties and activities, soms jobs
cousistently emcounter higher or lower dust levels tham other jobs. Eowever,
within 2 given job category, variability is often slight. Figures 3 and 5

chart the mezns of the respirazble and total dust mesasurements respsctively,
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for eazch job. Repairmen, packhouse workers, and ®mill workers had the highest
dust exposures., Activities of these workers either generzte considerable
amounts of dust, or take them intoc ateas of heavy dust exposure. Most of the
other jobs involve zctivities that do not generate much dust, or the workers

were isolated from the dust source by enclesures,

Crystzlline Silica

Quartz was detected in bulk samples of crushed stone (8~9%), kiln feed (10%),
clinker (8-10%), znd masonry cement (6Z). Quartz is 2 common constiutent of
limestone, shale, clay, and sand, but 1s ravely found in clinker or finished
cemsat. As silicon dioxide pzsses through the high kiln temperatures, it is_
. transformed from free crystalline forms into silicates., It is unusual to find
quartz in clicker, particularly in concentrations of 8 and 10Z. The clinker
bulk samples on Table 10 were collected at the clinker cooler, fire end of
kiln 2, and the clinker storage silo, respectively. Quartz-containing
material may be added in the grinding phase of mzsonry cement productiocn. No
quartz was detected in any other finished cement sample. These samples
indiczte that workers zssocizted with rav materialg, clinker, and masonry

cement are potentilzlly exposed teo quartz,

All personzl respirable dust samples were analyzed for content of the
crystalliine minerai types, quartz and cristobalite. Eight persomal respirable
dust samples contained detectable levels of quartz. The sllo opsrator worked
around the homogenizing silos end the kiln precipitator zrez. The crans

operators transferred raw material to appropriate bims. They transferred
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primarily stone, but zlso some sand and irom ore, The kiln feed operator
worked in the kilm feed silos. These four workers were mainly exzposed tc raw
material dust during their shift. The laborer spent his shift cleaning up in
the raw and finish mill areas. The repairman had been all over the plant
performing routine maintenance checks, The mill helper was checking raw and
clinker silo levels and clezning up arcund raw mill elevators, The =mill
operator was all over the mill buliding during his shift. These four worksrs

were expesed to two or more types of dust, including raw material dust.

There mzy be some variation in quartz concentration depeading on the
composition of the raw materiazls that employees are working with. Also, ths
mixing and grinding of various materials containing quartz will result in =2 |
range of concentrations, Therefore, the free silica concentrations may vary
with area and time. The calculated psreant of quartz or the respirable

filters (Table 4) have a range of 2.9 - 20.0Z.

Table 5 lists the jobs with detectzble levels of quartz, the percent quartz by
welght in each sazmple, and the concentratiocn of that dust zllowed by MSHA,
Thrée of the eight samples exceed the permissible exposure limit, One of the
eight samples with detectable levels of quartz contzined concentraticns
greater than 100 ug/mB. Exposures below this level have besen suggested in

past research as safe levels of exposure, (6,7,8)

Trace Metals

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

aluminum, chromium, cobalt, magoesium, ﬁanganese, and nickel. From the
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personal samples, nome of the metals were found in concentraticns greater than
the MSHA permissible expeosure levels or the ACGIH recommsnded TLV's. Aluminum
and magnesium are commonly found in the dust particles, Manganese is
occasionally found, None of the samples contained detectable amounts of
chromium, cobalt, or nickel, Aluminum is present im the greatest
concentration, followsd by magmesium. Rav materizl, clinker, and finished
cement dust 21l contairn aluminum and magnesium. Variztion in the presence cof
metals and thelr concentration may be caused by differences im milling or
processing, We choses to mzasure these sixz metzls because nickel and chromium
are suspected carcinogens, and aluminum, magnesium, manganese, and cobalt are
suspected pnsumoconiosis or bronchitis producing sgents. There are nc past
studies to indicate that these elements will cause any disease in the form or
concentrations found in 2 cement plant. This study will look for correlztions

between respiratory hezlth problems and expeosures to these elements,

Nitrogen Dioxide

Nitrogen dioxide is a reddish-brown gas which is 2 common contaminrant in the
exhzust of internzl combusticn engimes. It is anm irritant to the mucous
membraznes and its ichalation may cause coughing, scmetimes severe, which may

be accompanied by mild cor transient headachs, (16)

Based on animal'studies, ACGIH recommends & ceiling limit (the concentrations,
not to be exceeded even instantaneously) of 5 ppm. (5) This level was
considered sufficiently low to imsure against immedizte injury or adverse

physiclogic effects from prolenged daily exposures, The present federzl
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stand;rd (MSHA and OSHA) for nitrogen dioxide is 5 ppm 2s zn &-hour
time-weighted average (TWA). (18) 7This was based upon the ACGIH TLV except
that the celling designation was omitted. (16) A number of humsn experiments
and animzl studiles suggest that humans with normal respiratory function may be
affected by exposure at or below this level and that the conditiocns of workers
with disszse such &s bronchitils wmay be aggravated by such exposures.
(19,20,21,22) NIGSH recommends a ceiling of 1 ppm to protect workers with
pre—existing chronie bronchitis. ACGIH maintains a STEL of 5 ppm end a TWA of

3 ppz.

All of the 24 samples taken at Lone Star Cement were below the recommended

standard.

Background Samples

Samples placed upwind of the cement plant exhibit very low levels of dust. No
tTace metals, zsbestos, or crystalline silicz ware detected on these
background szmples. Since Lone Star Cement is situated among other
industries, the background respirable and total dust levels may fluctuate with
chznges in atmospheric conditlons. These dust levels represent the dust
exposures people would experience by just beipg in the community. One
approach to data anslysis might be to subtract these dust levels from measured
plant concentrations., This would give values which represent the additiocnal
dust burden attributed to the operatiom of this plant. Tables Z and 3 1list

the background respirable dust levels and their descriptive statisties.
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Conclusion

The respirzble and totzl dust levels for most jobs at the Lone Star Cemsnt
Plant in NHazareth, Pennsylvania are below recommended exposure levels. One
sample from a mill helper exceeded the ACGIE recommended level for respirable
nuisance particulate, Two total dust szmples from 2 maintenznce worker and
packer exceeded the 10 mg/m3 MSEA PEL for nuisance dust. Eight respirzble
dust samples contalned detectable levels of quartz, Three of these saﬁples
exceeded the MSHA-PEL for respirzble quartz, Of the dust contaminants
messured, only quartz is considered tc be prssent in excesssive
concentrations. Exposure to gquartz occurs iz associlation with the raw

materials, clinker, and masonry cement, Protective measures should be taksn,

Recommendations

Beczuse quartz was detected in bulk samples and respirzble dust samples from
severzl jobs, we recommend workers to be cccazsionzlly monitored, to assure
exposures rem2in belov recommended quartz concentrations, When concentraztions

are found to be excessive we recommend the feollowing control prectices,

Enginesring controls are the most effective means of reducing worker exposure
to airborne dust. Thess contrzols should bes maintained in efficient working
order., Ventilation design tc remove the dust from the zir 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 and those areas

where exposure tc silica occgurs.,,

The highest exposures were from workers inm the mill and packing areas. During
clean—up coperations in the mills with shovels and brooms, settled dust is
resuspended. Substitution with a vacuum system would eliminate this problem.
Because packers are stationary, veantilation fans mey be placed zbove er beshind
packers to blow fugitive dust away from their breathing zome, Helmsts
attached to ventilation hoses, which supply air to cool the workers and
prevent dust from entering the helmet, are an effective control measure for

stationary workers which cannot be enclosed from dust sources.

Although enginesering controls are the recommended course of action, psrsonal

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

engineering controls are not avsilable or during mainrenance, repzir, and
clean-up operations. The disposable papar or cloth respirztors do not form an
occlusive seal betwesn the respirztor and the face. Dust particles would be
able to pass through leaks bstwesn the rasgiratbr znd the face. Whenaver
workers are potentlally exposed to excessive quartz comcentTations, quarier or
half mask dust-fume-mist respirztors should be used. The disposable
respirators will, however, provide some protection to workers exposed to
nuisance particulates., If worksrs complain of eye irritation, full-face piece
respirztors may be used instead of half or quarter mzsk respirators to

alleviate the problems. It is suggested that workers be involived in the
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seiection of a comfortable NIOSH/MSHA approved dust-fume-mist respirator amd
be fit-tested to enmsure that they are adequately protected.

The corrective actions recommended should be viewed a5 scientific guildance.
There is ne legal requirement that you implement any of these r:ecommendations,
and nc assurance that these actions, if implemented, would be sufficient to
prevent future citations for non-compliance, Nevertheless, it is anticipated
that implementaticn of the recommendations listed in thie report will reducze
airborne dust levels at this facility, and improve the envircommental

conditioms of the workplace.
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Number cof Samples With Detectable Levels of Contaminants

Contaminant
Respirable dust
Total dust
Quartz
Cristobalite
Aluminuan
Chromium
Cobalt
Mzgnesium
Manganese
Nickel

Nitrogen dioxide

Table 1

Exnvirommeatal Investigations Bramch

Industrial Hygieme Survey of Cemsnt Workers
Lone Star Cement, Nazareth, Pennsylvania

# Sazmples

Collected

32

5

32

32

24

# Samples with
Detectzble Conc.

32

5

24

23

Limit of

Detsction

0.01 ng
0.01 mg
0,02 mg
0.03 mg
0.20 mg
0.004 mg
0.005 mg
0.002 =g
0,002 mg‘
0.004 =g

0.02 ppm



ENVIROHMHENTAL IMVESTIGATIONS BRANCH
CEMENT HWORKERS HORBIDITY STUDY
LONE STAR CEMENY NAZARETH, PENNSYLVANIA
PERSONAL RESPIRADLE DUST CONCENTRATIONS, HG/M3
GROUPED BY EXPOSURE AREA

Jon © DATE SHIFT DUSTHEM3
BACKGROUND 12HARD2 1 0.01
-------------------------------- AREATRAM e s e e e e e e e e e e e e e e
JOB DATE SHIFT DUSTHBM3
SILO OPERATOR 11MARE2 2 0.93
CRANE OPERATOR (RAW) 11HARS2 2 0.49
KILN FEED OPERATOR 11MARA2 2 1.10
CONVEYOR OPERATOR 11HARA2 2 0.39
CRANE OPERATOR (RAW) 12HARE2 1 0.72
KILN FEED QPERATOR 12MARA2 1 0.82
----------------------------------------------------------- AREA=CLYNKER -==—-—mmoemmmmmee -~—— e e L e S
JoB DATE SHIFT DUSTHGM3
CRAHE OPER (CLIMKER) 11HAROZ 4 0.26
KILH BURNER 11HARA2 2 0.17
TRUCK DRIVER (CLINKER) 12HARB2 1 0.43
KILH BURNER 12HARA2 1 0.39
COOLER OPERATOR 12HARB2 1 1.29
REBRICKER 12HARB2 1 2.53
-------------------------------------- AREASFINISH ==--=m=—mmmccmccn v n——— -— —————— e
Jog DATE SHIFT DUSTHGM3
TUNNELMAN (FINISH) 11MARB2 2 0.80
TUNNELHAN (FINTSH) 11HARB2 2 1.26
FORIKLIFT OPERATOR (FINISH) 12H1ARA2 1 0.19
PACKER . ¥2hapaz 1 0.01
UTILIVHAN (FINISH) 12HARB2 1 0.23
PACKER 12HARAZ 1 0.87
------------------------------------------------------------- ARE AT IR o s e e e e e e e e e e
Jon BATE SHIFTY NUSTHGHY
LARORER 1IHARA2 2 0.6%
HILL HELPER (MIX) 11HAROZ 4 4.0%
HILL HELPER (HIX) 11HARB2 2 l0.08
HILL OPERATOR 11HARD2 a 1.41
OJLER (KILN) 11HARD2 2 0.313
REPATRHAN 11HARDZ 2 1.08
ELECTRYCYAM 111MARB2 2 1.30

LA



ENVIRDNHENTAL THVESTIGATIONS PRANCH
CEMENT WORKERS MORBIDITY STUDY
Table 2 LOME STAR CEMENT  MAZARETH, PENNSYLVAHIA
PERSONAL RESPIRADLE DUST CONCENTRATIONS, MG/M3
GROUPED BY EXPOSURE AREA

------------------------------------------------------------- AR E AT TN oo o e o e e e e o e e e e e e e e
JoB DATE SHIFY DUSTHGHM3
HILL HELPER (HIX) 11MARO2 2 1.69
YARD WORKERS 12HARB2 1 0.87
OILER (KILN) 12HARA2 1 0.78
HELDER 12MARB2 1 2.40
REPAIRHAN 12MARD2 1 1.38
REPAIRMAN 12MARB2 1 0.54
ELECTRICIAN 12MARB2 ) ) 0.42

Y4



ENVIRONHENTAL TNVESTIGATIONS BRANCH
CEMENT MWORKERS MORBIDITY STUDY
Table 3 LONE STAR CEHENT HAZARETH, PERNSVLVANIA
PERSONAL RESPIRADLE DUST COMCENTRATIONS, MGZM3

AREA SAHPLES HEAN STD GH 650 HLDD HIN MAX
BACKGROUND 1 0.01 . 0.01 . 0 6.01 0.01
RAK 6 n.74 0.27 0.70 1.48 0 0.39 1.10
CLINKER 6 0.4a5% 0.92 0.54% 2.75 [ 0.17 2.53
FINISH 6 0.56 0.49 0.27 5.96 0 0.01 1.26
HIX 14 1.93 2.54 1.21 .49 0 0.33 10.08
PLANTUIDE 32 1.24 1., 0.71 3.23 0 0.01 10.08

9z
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Figure 3
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ENVIRONHENTAL INVESTIGATIONS DBRAMCH
/ CEHENT WORKERS MORRIDIYY STUDY
Table 4 LOME STAR CEHENT HNAZARETH, PEMNSYLVAHTA
QUARTZ COHCEMTRATION OF PERSONAL RESPIRABLE DUST SAMPLES
QUARTZ CONCENTRATION IN MICROGRAMS PER CURYC HETER (11G/M3)

Jog DATE SHIFT PCY_STo2 QUARTZ AREA
SILO GPERATOR 11H4ARG2 2 8.3 77.16 Al
CRANE OPERATOR (RAW} 11HARD2 2 20.0 98.30 1AL
KILM FEED OPERATOR 11HARS2 2 5.6 61.06 AN
COMVEYOR OPERATOR 11MARG? 2 N N RAN
KYLH FEED OPERATOR 12HARB2 1 1] M RAH
CRAHE OPERATOR (HAM}Y 12HARB2 1 7.3 52.65 pAY
KILN BURNER 11HARB2 2 N N CLINKER
CRANE OPER (CLINKER) 11HARB2 2 ] M CLINKER
COOLFR ORERATOR ' 12HMARE2 1 N N CLIMNKER
TRUCK DRIVER (CLINKER) 12HARB2 1 N 1] CLINKER
REDRICKER 12MARE2 1 H N CLINKER
KILN BURNER 12HARB2 1 N M CLINKER
- TUNHELMAH (FTHISH) 11HARS2 2 ] M FINISH
TUNHELMAN (FINISH) 11MARD2 2 H H FINISH
FORKLIFT OPERATOR (FINISH) 12MARB2 1 H N FIMISH
UTILIVMAN (FINISH) 120ARB2 1 H N FINISH
PACKER 12MARB2 1 N N FINISH
PACKER 12MARB2 1 N N FINISH
HMILL HELPER (MIX) 11HMARB2 2 N N MIX
LABORER 11HARB2 ] 0.4 59.74 HIX
REPATRMAM 11MARS2 2 7.8 a84.5a MIX
ELECTRICIAM 1IHMARAL 2 H N MIX
MILL HELPER {MIX) 11HARB2 2 H N HMIX
HMILL HELPER (MIX) 11HARB2 2 2.9 114.97 ©  HIX
OILER 1KILN) 11MARD2 2 (7] 7] HIX
MILL OPERATOR 11HARAZ 2 4.1 57.87 HIN
UELDER 12MARB?2 1 N N MHIX
YARD WORKERS 12HARB2 1 ] N MIX
ELECTRICIAN 12MARG2 1 H M MIX
REPAIRMAN 12MARB2 1 1] N MIX
OILER (KILN) ' 12MARD2 1 N N MIX
REPATRHAN 12MARA2 1 H N MIX



Table 5

Environmental Investigatioms Branch

Industrial Hygiene Survey of Cement Workers
Lone Star Cement, Nzzzreth, Penmsylvaniz

Detectable Quartz Compared tc MSHA Permissible Exposure Levels

Job

Silec operatoer
Crane cperator
Kiln feed op,
Crane operater
Laborer
Repairman
Mill helper

Mill operator

Levels of Dust Comnc.

Mg /w3

0,93

0.49=%

1.10

0.72

0.64

1.08%

4,05%

1.41

Quartz Conec.

% Quartz

8.3
20.0
5.6
7.3
9.4
7.8
2.9

4,1

ug/m3

77.16
%8.3
61.06
52,63
59.74
84,58
116.97
57.87

MSEA PEL

ng/m3
.87
0.45
1.32
1.08
0.88
1.02
2.04

1.64

30

*Indicates measured concentration exceeds the MSEA Permissible Exposure Limit,



ENVIRONMENTAL INVESTIGATIONS BRAMCH
CEMENT LIORKERS HORBIOLYY STUDY
Table 6 LOME STAR CEMENT NAZARETH, PENMSYLVANEA
PERSOMAL TOTAL DUST COMCEMTRATIONS, MG/H3
BROUPED BV EXPOSURE AREA

————————————————————————————————————————————————————————————— AREASRAM = — o mm o e e
Jon DATE SHIFT DUSTHEH]
SILO OPERATOR  12HARA2 1 4.21
——————— T, FUTTE 3 1Y) £ [ ——
Jop DATE SHIFT  DUSTMGM3
MAINTENANCE (FINISH)  12MARS2 1 24.19
PACKER 12HARS2 1 16.47
------------------- -—- - memeememaus AREAZMIN ==c==-mceccweosn- —
Jon DATE SHIFT  DUSTHGM3
YARD WORKERS 12HAR82 1 6.72
DUST COLLECTOR  12MARA2 1 2.77



Table 7

AREA

Al
FINISH
HIX
PLANTHIDE

ENVIRDNMENTAL THVESTIGATIONS BRANCH
CEMENT MORKERS HORBIDITY STUDY

LOKHE STAR CEHEMY
PERSONAL TOTAL DUST COHCENTRATIONS, MG/H3

SAMPLES

L

HEAN

%.21
19.33
4.7%
10.47

5TD

6.87
2.80
4.90

HAZARETH, PEMNSYLVANTIA
64 65D HLOD
4.21 . 0
18.70 1.46 0
4.31  1.87 0
7.72 2.4 0

MIN

4,21
14.47
2,77
2.77

HAX

4.21
24.19
6.72
24.19

43
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LON
PER

DUSTHGM

18

16

14

12

10

EMVIRONMENTAL INVESTIGATIONS BRANCH
CEMENT HORKERS MORBIDITY STubDY

E STAR CEMENT NAZARETH, PENMSYLVANTIA

SONAL YOTAL DUST CONCENTRATIONS, HMG/H3
ARITHMETIC MEAN VALUES BY AREA

BAR CHART OF MEANS

¥ MEAN

LT

P

FUEE R

R M

SO

HHIEUM

HUUMR

WH M

WM HHM

MM

WH MU

HHHNR

TN

I

R

WM

S

B0

HHHUH

WRHUM

WM B

A

HH UM

SEM N

HUHHN

MM

N

WA

SN

WU

RN e
Wik WY HIEHMH
MM WM FIIITET
WHH MMM L]
03 308 WM eI
HI I WM sy
UITRTS 2 U (31313313
I MMM M
MMM U M

RAKW FIHISH HIX

—— i ———— e — —— — A — T —— e —— — i ——— o —— — i ——— T it

ARECA

1%



Figure 5
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ENVIRONMHENTAL THVESTIGATIONS BRANCH
CENENT WORKERS HORBIDY¥Y STUDY
Table 8 LOME STAR CENENT HAZARETH, PENMSYLVAHTA
YRACE METAL COMCEMTRATIONS OF PERSONAL TOTAL DUST SAMPLES
CONCENTRATIONS TH HICROGRAMS PER CURIC METER (UG/M3)

AREA DATE SHIFTY Jos AL_UGH3 CR_UGH3 CO _UGHM3 HE_UGH3 HN_UGH3 HY_UGH3
RAW 12HARDZ 1 SILO OPERATOR 6a N H 3a H H
FINISH 12HARA2 1 PACKER 247 ] H 152 N H
FINISH 12HARS2 1 HAINTENANCE (FINISH) 398 N H 271 9 ]
HIX 12MARG2 1 DUST COLLECTOR 55 N H 32 N N
HIX 12HARB2 1 VARD WORKERS 104 M H 39 N M

St



ENVIRDMHENTAL INVESTIGATIONS BRANCH

Table 10 CEMEHY HORKERS MORBIDIVY STUDY
LONE STAR CEMENY HAZARETH, PENHSYLVANIA
ANALYSIS OF BULK MATERTAL PRESENTED AS PERCENT BV WEIGHTY
AREA Jon QUARTZ  CRISTB AL cR cO HB N NI ASBEST
nAN RAH MATERYAL 9.0 N .79 H H 1.3  o0.028 M 0.0
RAU RAN HATERIAL 8.0 N 0.82 M N 1.1 0.029 N 0.0
RAU RAM MATERIAL 8.0 N 1.10 N H 1.2 0.029 M 0.9
RAK RAW HATERTAL 10.0 N 1.80 H H 1.2 0.035 N 0.0
CLYMCER  CLINKER 8.0 N 1.0 N N 1.3 0.035 M 0.0
CLIMKER  CLINKER N N 2.30 N N 1.8  0.036 N 0.0
CLINKER  CLINKER 10.0 N 0.64 M H 1.1 0.037 N 0.0
FINISH FINISH N N 2.70 N H 1.9 0.450 N 0.0
FINISH FINLSH N N 2.90 N H 1.7 0.040 M 0.0
FINISH FINISH ] N 2.40 M N 1.6 0.069 N 0.0
FINTSH FINISH N N 2,90 N M 1.7  0.040 N 0.0
FINISH FINISH N N 2.90 M H 1.8 0.041 N 0.0
FINISH FINLSH N N 3.00 N N 1.8 0.0642 N 0.0
FINISH FINISH 6.0 N 2.10 N H 1.5 0.035 H 0.0
FINISH FINISH 6.0 N 2.40 N M 1.s  0.03% N 0.0

LE



Table 11

EMVIROMHENTAL YNMVESTIGATIONS BRAMCH

CEHENT MORKERS HORBINITY STUDY
LONE STAR CEMENT

NAZARETH,

HO2 CONCENTRATIONS IH PPH

Joa

BACKGROUND

KILH FEED OPERATOR
CRAME OPERATOR (RANW)
KILH FEED QPERATOR
KILH BURNER

TRUCK DRIVER (CLINKER)
KILN BURNER

COOLER OPERATOR
RERRYICKER

TUNNELHMAN (FINISH)
FORKLIFT OPERATOR (FINISH)
PACKER

UTELIYHAN (FINISH)
PACKER

HILL HELPER (HIX}
HILL HELPER (NHIX)
HILL OPERATOR

OILER (KILM}
ELECTRICIAN

HILL RELPER (MIX)
YARD WORKERS

OILER (KILN)

HELDER

REPAIRHAHN

REPAIRHAN

DATE

12HARBD2
11HARAZ
12M4R82
12MARA2
11HARD2
12HARB2
12HARS2
12MARS2
12HARS2
11HARA2
12HARE2
12HARAZ
12HARA2
12MARA2
11HARB2
11HARA2
11HARS2
11HARA2Z
11HARA2
11HARAZ
12HARAZ
12HARA2
Y2HaRaz
12HARA?
12HARB2

SHIFT

Pt el et et D3 PO P DD P DD b et bt bt N e d et el DO e e DY el

PERNSYLVANIA

AREA

BACKGROUND
RAL
AW
RAU
CLINKER
CLIHKER
CLIHKER
CLINKER
CLENKER
FINISH
FINISH
FINISH
FINISH
FINISH
HIA

HIX

HIX

HIX

HIX
HIX

HIX

HIX

HIX

HIX
HIX

CONE

0.02
0.04
0.02
0.02
0.02
0.03
0.02
0.03
0.03
0.06
0.04
0.19
0.06
0.07
0.07
0.04
0.06
0.07
0.01
0.04%
0.03
0.04
0.01

.0.10

0.03



APPENDIX
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Physiological Respouse

The main funetion of the lungs is to ksep the oxygzen andlcarbon 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 comtraction of the dizphragem. This creztes z negative pressure in the

lungs causing zir te rush inm,

When a2 person breathes, air is drawn through the nose into the nasopharynox and
trachea, From there it reaches the alvecll or arez of gas exchange through 2
system of ducts: the bronchi, respiratory bronchiocles, and the terminal
bronchicles. It is in the alveoll where the blcod 1s cxygenated and carbon
dicxide diffuses into the lungs tec be ezcreted. Deposition of airbormne
particles occurs as a comsequence of several different physical processss. O0Of
primary concerzn are sedimentation, imertiazl impaction, and diffusion.
Sedimentaticn is simply the settling out of particles onto zespirarory tissus
under the influence of gravity. Inertizl impaction occurs when the momentum
of particles being carrled along in am alr curzent carries them azlong their
original path when the air curreat changes direction, The particles msy then
be deposited on the surface of respiratory tissue. Besides sedimentation and
impaction, very small particies are azifected by diffugsicn, Since movemsnt of
smz2ll particles in zir is completely random, those that zre in close proximity

to the alveolar wall are likely to collide with it and hence be deposited. (15)
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In order to remove particles from the respiratory system, two separate
mechanisms are present, Those particles deposited in the upper zirways are
removed by the mucociliary escazlator. In the upper airways there is a2 series
of tiny hairs or ciliz which are continually sweeping wucous znd particles
upward toward the throat. The mucous provides & sticky layer to capture and
hold the particulate, while the cilia remove it from the respiratory system.
In the terminzl bronchiocles and the zlveoll, deposited materizal is removed by

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

Problems arise, however, when the respiratory system is overcoms., Whensver ‘
there 1s 2 high concentration of dust, the mucociliary escalator and the
phagocvytes may not be able to remove 211 of the particles, Also, the
particles may possess unique properties which prevent the natural defenses cf

the lung from elimin=ting them.

It is the inzent 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.



