WAL IR

PB94-158375

Irndustrial Hygiene Survey of Northwestern States Cement
Masgon City, Iowa

Cement Workers Morbidity Study

Wayne T, Sanderson and Cathy Davidson

Acvgust 1982

Environmental Investigations Brarnch
Divizion of Respiratory Disease Studies
Kational Institute for Qccupstionzl Szfery and Health

REPRODUCED BY: m

U.S. Department of Commerce
National Technical Infarmation Service
Springfield, Virginia 22181






e e e - ool (TR

PAGE PB94-158375
4. Title and Subtile Tndustrial Hygiene Survey of Northwestern States |s.ReponDate:
Cement, Mason City, Iowa. Cement Workers Morbidity Study i 1982/98/00
. N .
7. Autherfs} Sanderson, W. T., and C. Davidson 8. Performing Organizalion Hept. No.

8. Performing Organization Name and Address  Epvironmental Investigations Branch, | 10. Project/Task/¥Work Unit No.
Division of Respiratory Disease Studies, NIOSH, U.S. Department of

Health and Human Services, Cincinnati, Ohio 11. Contract (C) or Grant{G) No.
(G}
©)

12. Sponsoring Organization Name and Address 13. Type of Report & Period Covered

14.

15. Supplementary Motes

18. Abstract (Limil: 200 words)  Ag part of the Cement Workers Morbidity Study, an industrial hygiene survey
was conducted st the Northwestern States Cement facility in Mason City, Iowa. Environmental
sampling was undertaken to determine the presence and concentration of various contaminants.
For most jobs at the site the respirable and total dust levels were below the recommended
exposure levels. Four samples from a mill helper, a laborer, and two dust collectors exceeded
the American Conference of Governmental Tndustrial Hygienists recommended level for respirzable
nuisance particulate. Two samples from a primary crusher operator and 2 repairman exceeded
levels for nuisance dust. Three samples exceeded levels for respirable quartz (14808607).
The authors recommend measures to reduced exposures, including a routine surveillance program,

engineering controls, ventilation design, improved clean up operations, and the use of
personal protective equipment.

17. Decument Anzlysis  a. Descriptors

b [dentifiors/Open-Ended Terms . NTOSH-Publication, NIOSH-Author, NIOSH-Survey, Field-Study, Region-7,

Industrial-hygiene, Airborne-particles, Dust-exposure, Dust-inhalation, Cement-industry,
Occupationazl-exposure

¢. GOSBATI Feld/Group

18. Availability Statement 19. Security Class {This Heporl) 2i. No. of Pages
51
22. Becurity Glass (This Page) 22. Prica
{Sea ANSI-Z38.18) See Instructions on Reverse COPTIONAL FORM 272[3-77}

(Formerly NTIS-35}
Department of Commerce






Exzecutive Summary

The Northwestern States Cemsnt Plant in Mzason City, Iowz was surveyed by a
NIOSE tezm of industrizl hygilenists, on July 27 through July 30, 1981.
Sazmples were collected and znalyzed for respirable and totzal dust, free
crystalline silica, zluminum, cobzlt, magnesium, manganese, nickel, other

trace elements, asbestos, oxides of sulfur, and pitrogen dioxide.

The respirable and total dust levels for most jobs azre below recozmended
exposure levels, Howsver, four samples excesded the ACGIH recommesnded level
of 5 mg/m3 for respirable nuilsance particulate and two szmples excesded the
MSHA-PEL of 10 mg/m3 for total nuisance duszt. Of the dgst contaminants
measured, only quartz is considered to be pressnt in excessive

concentrations, Exposure to quartz was observed primarily in assogiztion with

raw meterials. Three respirable dust samples exceeded the MSHA-PEL for

respirable quartz.



Introduction

The Nationzl Institute for Occupational Safety and Hezlth (NIOSE)} has
undertaken a2 study to determine the effects of materials found in Portland
Cement facilities orn the humzn respiratery system. 4 representative group of
plants in the United States has been randomly chosen for inclusion im this
study. Northwestern States Cement in MasonVCity, Iowza was the elewventh of

sixteen plants to be surveyed.

Each plant survey consisted of:

1. HMedical testing of employessz to determine the prevalence cof

respiratory disease,

2. Envirommesntal szmpling to deterxzine the presemce and concentration

of varicus comtzminants,
Madical and enviroomental testing were not done during the szme week.

This report deals with the envircmmental aspect of the study. The
environmental surveys are primarily concerned with the composition and
concentzation of airborrne dust particles. It is impertant to characterize the
presence cof toxic contamimants as completely as possible, so that, if

respiratory problems sre discovered, the proper contaminant may be implicated



as the cause of disezse. Therefore, toxic gases and metzls are zlso
menitored, A mzjor wezkness of much of the past medical research of worker
populations im Portland cement plants is the lack of complete documentation of
the respiratory hazerds teo which workers are exposed. For these reasoms,

comprehensive industrizl hygiene surveys are a very important aspect of the

Cement Workers Morbidity Study.

The Northwestern Stztes Cement plant in Mason City, Iowa was surveyed on
Monday, July 27 through Thursday, July 30, 1981 by Al Dieffenbach, Cathy
Devidson, Thomas Wood, and Wayne Sanderson. The plant is located onz mile
northwest of downtown Masom City. The plant begzn operatioms 1p 1%60.
Limsstone is quarried and iInitially crushed a few miles from :he plant, &lso,
clay is quarried by dragline in a pit nsar the plant. Other raw materials,
sand as 2 silicz source and mill scale as &n iron source, sre brought ir from
other companies. Todzy, cemesnt clinkers are produced in three kilns by the
dry process method, All three kilns are fueled by pulverized cozl., During
our survey only one kilm was operating. Seven types of finished cement are
manufactured here, snd are bagged or loaded out zg bulk in trucks or
rallcars. Approximatly 260 workers sre employed at the Horthweéte:n States

plant.

Mzthods and Results

Parson=l Respirzble and Totzal Dust Samples

It was not feasible nor statistically necessary to monitor =211 irndividuals at

the plant. Using 2 random numbers tzble, a subset of workers wzs chosen to



participate in the study. These selected workers were Tequested to Wear a
respirable or total dust sampler. To collect respirable dust, air was pulled
through a 10 mm nylon cyclone and 2 polyvinyl chloride filtgr (PVC) at a flow
rate of 1.7 liters per minute (Ipm) by a2 personzl sampling pump. At this flow
rate, the cyclons ssparates the collected airborme dust into two fréctions.
Those particles considered respirzble pass through the cyclone and are
collecred on the filter; larger particles or those considered to be
non-respirable drop to the bottom of the eyclone and are discarded. The
collection efficiency curve for this cyclene is presented in Figure 1. As
defined by this curve, particles greater than 10 micrometers in zercdynamic
diameter theoreticzlly would not pass through the cyclone and be deposited on
the f£ilter. Whereas, almost 211 the particles smzller than 1.5 micromsters in
zerodynamic diamster would be collected on the filter. (1) The basic sampling
apparatus for respirable dust, minus the size selector, is uszsd to collect
total airborme dust. Air is pulled through 2 PVC filter mounted in a
polystyrene filter holder at a2 flow rate of 1.7 lpm. Those particles 20 um
and below arz collected fairly efficiently on the filter mediz., This of
course depends also on the direction, speed, density, and nearness of the
perticles to the filter. The filters were weighed on a precision balance to
the nsarest 0,01 milligram (mg), befere and after szmpiing, The weight gain
of the filters, the sampling flow rates, and the sampling times were usesd to

calculzte zirborne dust lewvels,

Respirzble dust levels are reported in Table 2 as milligrazm per cubic meter
(DUSTMGZM3). The resuits from the respirable dust eampling are also suzmmatized

in Table 3, with summzary statistics computed for each exposure category. The
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"MEAN" value is an arithmetic average of 211l values obtaired in each arez; the
"STD" values are the stzndard deviations, which is a measure of the
varizbility of the data. "GM" and "GSD" are the geomstric mezns and geomatric-
standard deviations of the same datz respectively. Geometriec values somstimss
give a better estimate of expected values thzn do normal arithmatic averagss
because the effect of an occasionzl high value is diminished in caleulating
geomatTic means. The NLOD values are the number of samples which were less
than the limit of detectiom., "MAXR"” and "MIN" vazlues zare maximuz znd minimum
observed valuass for samples that had detectzble emounts of meterizls.
Arithmetic mean respirable dust levels are also charted in Figures 2 and 3 by
process area and job categeory respectively. These are presected to provide

ezsy recognition of the highest exposure areas and job categories.

After weighing, the respirable filters were subjected to amalysis by x-ray
diffraction to determine their content of quartz and cristobalire. (2)
Crystalline silica ig reported in Table &4 asz microgram per cublc meter
(QUARTZ) and percent quartz (PCT_SI02)., A value of "N" indicates that the
measured quantity was beleow the anzlyticzl limit of detection. Limits c¢f
detection for ezch method are given in Table 1. Samples which had detectzble
quartz concentrations are also shown on Tseble 5 with their czleunlatsd

MSHA-PEL, This wiil be discusssd in detzil in che Discussion Section.

Total dust levels are presesnted in Table 6. These results arte summerized in

Table 7. As with the respizrable dust levels, arithmetic maan total dust



levels are charted in Figures & and 5 by process arez amnd job category

respectively.

After weighiné, the total dust filters were ashed in acid and analyzed by
stomic zbsorption (3) to detect the amount of aluminum (AL), chromium (CR),
cobalt (CO), magnesium (MG), manganese (MN), and nickel (WI) present. The
trace metal concentrations are reported in Table & as micrograms per cubic
meter of air (___ UGM3). Once again, & value of "N" indicates that the
measured quantity wzs below the limit of detection. The limits of detection
for ezch element are listed im Table 1. Trace metal enzlyses are summarized
in Table 9., The MEAN is the zrithmetic meaz of z1l the samples with
detectable levels of the patrticular elements, $TD DEV is ths standard
deviztion of these samples and is zn expression of the variability of the

elementzal concentrations,

Arez Totzal Dust Samples

Alrborne "total” dust samples were collected at fixed locations throughout the
plant. These areas wsre selected based on how well they represented the work
gration of the employees. These filters were alsc anzlyzed for amount of

zluminum, chromium, cobzslt, magnesium, manganese, and nicksl,

The trace metal concentrations are reported in Table 10 as microgrszms per
cublc meter of air ( UGM3). The JOB column defines the arez in which the
sample was collected. The s2ix trace metal concentratlenms are them given in

the mext six columns. The results of the trace metzl analysis of the arez



totzel samples are summarized in Table 11, No cobalt was detected on any of

these arez samples.

Cne arez sample from each exposure category was anélyzed for content of 24
metzls. These samples were ashed using mitric and perchloric acids and the
residues dissolved im dilute nitric acid. The resulting soluticns were
analyzed for trace metal content by inductively coupled plasmz - atcmic
emissicn spectroscopy (ICP=AES). (&) The results of the analysils are reported
ir Teable 12. Fof this esnalysis techmique, the lower limit of detectiom is 1.0

ug/filter for zll elemsnts,

Alrborne Fiber Samples

Samples for airborme fibsrs and asbestos were collected on cellulose ester
filters. These samples are taken with the fromt of the fiiters completely
opez to the envircomsnt. Air is drawn threugh the filters at 2 flow rate of
1.7 1pm, 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 staiping, and transmission electron microszcopy

to deternine whether they were asbestos fibers.

In this survey € samples were collected for fibers. These szmples were
collected in thes raw material crushing and milling avezs, storzze arezs, kiln
areas, and along tranzfer belts. No fibers were detected on any of the

filters.



Bulk Mzterial Samples

Szamples of raw materizal duét, clinker, finished product, and mixtures of dust
were collected for enalysis. These samples were generzlly collected from dust
settled on ledges or cbjects severzl feet above the floor., For this reason,
it is suspscted that these particles were at one time suspended In z2ir before
coming to rest, These bulk material szmples cannot, however, be considered
2irborne szmples. This material wzz anzlyzed for content of qusrzz and
cristobalite by x—-ray diffraction; zluminum, chromiwm, cobalt, mzgnesium,
mznganese, and nickel content by atomic absorption; and zsbestos content by

polarized light znd dispersicn staining microscopy.

The tresults of these anzlyses are presented in Table 13, The AREA column
lists from what exposure category the semples vere taken, or whether the
materizl was felt to be predominantly raw materizl, clinker,rfinished Portiznd
cement, oT & mixture of two or more types of dust. The results of anzlysis
are presented zs percent by weight of mzterial, For exampie, if 1% of the raw
mzterizl is quartz, there is 0.01 gram of quartz in each gram of raw

meterizl. The value "N" landicates that the mzasured quantity was below the

analytical limit of detectiocz.

Ozxides of Sulfur Samples

Samples for sulfate znd sulfite particulates and sulfur dioxide gas were
collected by drawing 2 known volume of air through 3 filter trzin comsisting
of two cellulose ester filters in series. Particulate matter, including

sulfates and sulfites, 1s collected on the.first filter. Sulfur dioxide
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passes through the first filter and is collected or the secoad filter which
has been impregnated with potassium hydroxide, (6) The filters were extracted

with deionized water znd the extracts analyzed by len—-chromotography.

The results of four samples collected for sulfate and sulfite patticulates and
sulfur diozide gas are presented im Table 14, The JOB column indicztes the
locaticn that the samples were collected. The SO4_UGM3 and SO3_UGHM3 columns
1ist the conmcentrations of sulfate and sulfite in micrograms per cubic metar,
respectively. The S0Z_PPH column lists the sulfur dicxide concentrztion in

parts per milliom.,

Nitroéen Dioxide Samples

Hitrogen dioxide sampling was dome using passive deszsimeters for both area and
personzal sampling, Full shift timz weighted average exposures ware
determined, Dosimeters were constructed by cutting lengths of zcrylic tubing
to give a length to area ratic of 10 to 1. One end of the tubs was fitted
with a removable car—plug and the other end was sezled with a cap containing
the collection grids. These grids were costed with triethsnolamine which
quantitatively absorbs HOZ’ During exposure, the cap—plug was removed and
the contaminant gas diffused to the collection grid aeccording to Fick's Law of
Diffusion. After collection & sulfanilemide—phosphoric acid-NEDA soclution was

edded to the dosimeter, where a red color complex with N0, was formeé. The

Z
soclution was transferred to a epectrophotometer and the absorbrivity is
mez2sured a2t 540 nm, This was compared against 2 standard curve to give

nanozoles NDZ, from which the concertration was calculated as: (20,21)
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Comc, ppm = nanomeles NO2

2.3 x Bours of Exposure
These samples were collected for pericds between 6 and 8 hours. The
measurements reflect the azverage concentration over this period. The results
of the analysis are reported in Table 13. Nitrogen dioxide is produced from
the combustion of orgznic compounds containing nitrogen, such as eccal and

diesel fuel.

Direct Reading Indicator Tubes for Toxic CGases

Drager direct reading indicator tubes were used to sample for carbon monoxide
(C0), nitrogen dicxide (Noz), and oxides of nitrogen (NQOX), Air is drawn
through these tubes by a2 hand-held bellows pump. These tubes contain reactive
indicateor materials which change color vhen they are exposed to specific
gases., The length of stzip indicates the concentration of gas present in the
environment. On this survey, NIOSE Certified Detector Tubss were ussd. They
are certified to produce results within +25% of the true concentration at
levels between one and five times the TLV, and within fgsz of one-half of ths
TLV. For purposes of this study, this level of precision is adegquate since 2
25% varlation azound a given exposure level is not likely to produce
significant differences ic physiclogical response. The results of the

detector tubs samples are listed im Table 16,

Generzl Comments and Schedule

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

received trestment identical to dust laden filters, except no air was drawn
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through the contzol filters. During each shift, each persomal and area
sampler was pericdically checked for proper operation. 1If the sampler was not
operating properly, sampler adjustments and zpproprlate notations were made

gnd, if necessary, the results of such samples were voided,

The environmental investigations team began sampling Monday, July 27, 1981,

The sampling schedule was as follows:

Mondey, July 27 - 2nd shift
Tuesday, July 28 - 1lst shift
Wednesday, July 29 = lst shift
Thursday, July 30 - lst shift

Thursday, July 30 - 3rd shift

This schedule was used in order to adequately mezasure environmental

concentzation differences dus to day=to~day aund shift=to=-shift variatiomns,

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

based oz the type of airborne dust each was subjected to. The categories ware:

raw - exposure to raw materizis dust
clinker — ezposure to clinker dust
finish -~ expeoszure to firisghed Portland cemant dust

mix - exposure to & mixture of two or more types of dust
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Although these categories are somewhat artificizl, they zre very important to
the design of the study. Generally, the dust particles within a caztegory zarea
zre chemically and physicaily eimilar; however, between'categories the dusts
are significantly different. The mix category serves to "catch™ those jobs
such a2s laborers and repzirmen who work throughout the plant cor are exposed to

more than one type of dust,

Discussions and Conclusions

This study is designed to determine if the normzl funeticn of respiratory
tissue is impzired because of exposure to gases or particulates found in
Portland cemsnt plants. Samples of zirborne particuilaste were collected in
conjunction with a medical examination that included =-rzys, spirometry tests,
and symptoms questicnnaires., Respiratoiy problems associated with exposure to

airborne particulate are influencd by four factors: (7)

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

4., The size of the dust particles

The intent of the envirommental portion of the study is to deternine ths types

and concentration of airborne materiails to which cemznt workers are exposad.
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This survey was mot conducted for regulation compliznce purposes. This data
presented here is to be used for correlation with employee medical datz for
cccupational hezlth research. Alr quality and physical agents in Portland
cement plants are currently regulated by Title 30, section 56.5 of the Mimeral
Resources Code of Federal Regulations. The 1973 Threshold Limit Values,
(TLV's), adopted by the American Conference of Goveramental Industrial
Eygilenists, (ACGIH), are cited as the standards which zirborne contaminants
arte not zllowed to exceed, In this report these standards serve only as
reference levels in order for plant personmnel to compare the environmental

conditions of theilr facility,

FPersonzl Respirazble and Totzl Dust Samples

Portland Cemant is presently considered to be & "nulsance™ dust. "Huisance”
particulates, by definition, have "little adverse effect om lungs and do not
produce significant organic disezse or toxic effect when exposures are kept
under Teasonable control. Generally, the lung—tissue reaction caused by

inhalation of puisance dusts has the feolleowing characteristies:

1. The architecture of the air spaces rem=ins intact,
2, Collagen (scar tissue) iz not formed to z significant extent.

3. The tissue reaction {8 potentially reversible.”™ (8)

If zirborns particulates contzin greater thanm 1% erystalline silice, then they

are no longer considered nulsance particulates; they are mineral dusts, The
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MSHA standard fer nuisance dusts is 10 milligrams per cubic meter of total
suspended dust. The MSHA standard for minerzl dusts employs the formula:

10 mg/m3

PEL =

Z respirable quartz + 2

where the "% respirzble quartz” is the percent by weight of quartz in each
sample, and "PEL" is the permissible exposure level, Therefore, ezch

respirable dust sample for mineral dust has an exposure limit based on its

content of quarcz.

The emphasis of this survey was oz respirable dust sampling. It is difficult
to compare resplrable dust measurements to the currently employed MSHA
nuisance dust standard vhich is based on total dust levels. We recommend

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

nulsance dust recommended by the ACGIH.

Examiniog the personzl respirable samples collected from the various jcbs,
Table 2, four samples exceeded 5 mg/ms. These samples were worn by 2 mill
helper, laborer, and two dust cocllectors., The lzborer, who had the highest
respirable dust exzposure (46.22 mg/ms), was swespling and cleaning in the

mill and kiln srea. The mill helper was using a conpressed air hose to clesn
2 downed mill and catwalk. Both dust collectoezrs were chs=nging besgs in the

¢linker cooler baghouses, All four samples were from workers involved in
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maintenance or clean-up operatioms, For all workers the geometric mzan dust

level was 0,57 mg/ms.

Examining the personal total dust samples collected from the various jobs,
Table 6, two samples exceeded 10 mg/ms. These samples were worn by a
primary crusher operztor and a repairman. The primazy crusher operatoer
controllied the crusher in the quarry and the repairman was doing mzintenmznce
work in the millroom and at the coal plamt. For all workers the geomstric

mezn totzl dust level wzs 1,70 mg/mB.

Because of the differences in worker duties end activities, soms jobs
consistently encountexr higher or lower dust levels than other jobs. However,
within & given job categozry, variablility is often slight., Figures 3 amd 5
chart the mesns of the respirable and tetal dust msasurements Trespectively,
for each job. Repairmsn, packers, laborers, dust éolle:tors, and prim=ry
crusher operators had the highest dust exposures, Activities of thsses workers
either gensrate considerable amounts of dust, or take them into areas of heavy
dust exposure., HMost of the other jobs involve activities that do nor gensrate

much dust, or the vorkers were isclated from the dust scurce by enclosures.

Crystalline Silica

Guartz was detected in bulk samples of eclay (17.7Z), kiln feed dust
(3.0-3.7%), rav mill fesd (4.72), and & rafter sample high up in the mill room

on the ravw side (2.6%). Quartz is = common comstituent of limestone, shzle,
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clay, and sand, but is rarely found in clinker or finished cement. As silicon
dioxide passes through the high kiln temperatures, 1t is transformed from frae
erystalline forms into silicates. All workerg associated with raw materizl

dusts are potentially exposed to concentratioms of quartz.

All perscnal respirzble dust samples except those with less than 0.2 mg of
dust on the filter were amaliyzed for content of the cIystalline mineral types,
quartz and cristobalite. Quartz concentrations on filters with less than 0.2
mz of material were probably below the anzlytical 1imit of detection, Five of
fifty-five personal respirzble samples contained detectable lewsls of quartz,
Four of the five samples vere from workers who had spent part of their shift.
exposed to raw material dust. QOnly the dust collector had spent his shift
exposad to clinker dust while changing bags iz cliznker cocler dust

collectors. The laborer on July 28 wzs cleaning up under the raw and finish
mille and 2t both ends of the kilns, The laborer on July 30 was cleaning up
along raw material conveyor belts inz the millg and storage silos, The will
hazlper was clesning up around finish and raw mills, The repzirman was

inspecting the clay apron, amd the coal mill under kilzn #1.

There may be some variatiozn io quartz concentration depending on the
composition of the raw materiazls that employess are working with. Also, the
mixing and grinding of varicus materials containing quartz will resulr ian =2
range of concentrations. Therefore, the free silics concentrations may vary
with arez and time. The calculated percent of quzrtz on the respirable

filters (Tabtle 4) have a ranmge of 1.1 — 11.0%,
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Table 5 lists the jobs with detectable levels of quartz, the pércent quartz by
weight in each sample, and the concentration of that dust zllowed by MSHA,
Three of the five samples exceeded the permissible exposure limit. Two of the
five samples with detectable levels of quartz contained concentrations greater
than 100 ug/m3. Expocsures below this level have been suggestaed in past

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

Trzce Metals

The personal total dust samples were anslyzed for the gix trzace metals:
aluminum, chromium, cobzlt, magnesium, mancanesse, and nickel. From the
personzsl samples, none of the metzls were found in concentratioms greater than
the MSHA permissible exposure levels or the ACGIE recommsnded TLV's. Area
total dust samples were ccllected throughout the plant and amalyzed for the
szme gix tTrace metals. Although we sttempted to place the arsz samples in
locations representative of work areas, these stationary samples should not be
considered estimates of personzl exposure. fheir purpose is to documsnt the
presesnoce of these metals in airborme particulates znd their relative
concentrations. Aluminum and magnesium are commonly found in the dust
particles, Manganese, chreomium, cobzlt, znd nickel are occasiomnzlly found,
Only one sample contzined detectzble amounts of chromium, cobalt, or nickel.
Alumipum is preseant io the grestest concentration, followed by magnesium. Raw
material, clinker, and finished cement dust all contain azluminunm and
magnesium., Variztion in the presence of metals and their concentraticn may be
caused by differences in milliog or processing. We chose to mzasure these six

metals because nickel znd chromium are suspected carcinogens, and aluminum,
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magnesium, mangznese, and cobalt are suspected pneumoconiosis or bronchitis
producing agents, There are no past studies to indicate that these elements
will cause any discase In the form or concentrations found im a cemsant plant.
This study will look for correlations betwsen respilratory health problems and

exposures to these elements.

The four szmples anzlyzed by ICP—-AES were alsc for purposes of documenting the
presence of these metals in zirbornme particulates and thelr relative
concentrations, The metals primarily found in all the dust types zare:

aluminum, calcium, iron, magnesium, scdium, and titanium,

Asbestos

In this survey we found no zsbestos present in the raw materials. NIOSE has
surveyed quarzies and rav materials asseclated with cement plants, zs well zs
other limestonme gquarries, No asbestos has been found during any of these
surveys., It 1s possible that quarried rock may be contaminated with asbsstoes
fibers due to the occurrence of small deposits of asbestos=bearing rock in ths
overburden or the quarried strata. If this occurs at =11, we expact it to be

extrenely rare,

Oxides of Sulfur

No sulfite particulates were detected and only trace amounts of sulfur
dioxide. Sulfzte particulates have not been documented to czuse irritation or
chronic disezse, However, there is strong evidence that asrosols of these

water soluble salts catalyze the conversioz of sulfur dioxide te sulfuric
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acid, thue poteantiating the irritant and reflex bronchocomstrictive effects of
sulfur dioxzide. (14) Nevertheless, workers should not experience irritation
oT Taspiratory changes attributable to 802 or sulfates at levels detected at

Northwestern States. (1, 12, 13)

Nitrrogen Dioxide

Nitrogen diozide is a reddish-brown gas which is 2 common conteamimant in the
exhaust of internmzal combustion engimes. It is az irritant tc the mucous
menbranes and its inhalation may cazuse coughing, sometimes severe, which mzy

be accompained by mild or transient headache. {22)

Based on animzl studies a ceiling limit (the comcentratioms, not to be
excesded even instantanscusly) of 5 ppzm has been recommended. (23) This level
wvas considered sufficilently low to insure against immediste injury or adverss

physiclogic effects from prolonged dailly exposures. The present federal

standard (MSHA and QSHA) for nitrogen dicxzide is 5 ppm as z2n &=hour tims
weighted average (TWA). (24) This was based upon the ACGIE TLV except that
the ceiling designation was omitted. (27) A number of human expsriments and
animal studies suggest that humans with normal respiratory functién mzy be
zffected by exposure at or bslow this level znd that the conditicns of workers
with diseases such as bronchitis may be aggravated by such exposures. (25, 26,
27, 28) HIOSH rtecommends & celling of 1 ppm to protect workers with
pre-sxisting chronic bromchitls. ACGIE msintains 2 STEL of 5 ppm and a THA of

3 ppm.
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All of the 27 samples taken at Northwestern Stztes cement were below the

recommended standard.
Toxziec CGCases

¥o nitrogen dioxide was detected., Carbon monoxide was detected in the bagged
cement warehouse aznd pzlletizing building, and inside cone of the kilns which
was being rebricked. Gasoline powered forklifts were operating in both of
these areas during sample collection. Trace amounts pf oxides of nitrogen
were also detected in these areas. Carbon monoxzide znd oxides of nitrogen zre
common contzminants in exhaust gases from the burning of fossil fuels.
Portland cement plants have several areas which may be contaminated with these
exhaust gases. At this facility the kilms were fired with pulverized cozl.
Wnen the ceal and nitreogen containing compounds are oxidized in the combustion
process, these gases are produced. Gasoline and diesel powsred engines of
locomotives, quarry equipment, tramsport trucks, and fork 1ifts releass carbon
monoxide and oxides of nitrogen in thelr exhzusts, It is possible that when
diesel or gascline powered engines are ruz in eaclosed spaces, excessive
levels of cerbon monoxide may build up. The MSHA PEL for carbon monoxide and
nitrogen dioxide are 50 and 5 ppm, respectively. A szmple of 40 ppm for

carbon moncxide was ccllected in the pelletizing arez. This is approaching

the MSHA PEL.
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Background Samples

Samples placed upwind of the cement plant exhibit very low levels of dust, No
trace metals, asbestos, or c¢rystallime silicz were detected on these
background samples. Since Northwestern States Cement is situated among other
industries, the background respirable and totzl 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 dzta analysis might be to subtract these dust levels from mezsured
plant concentrations. This would give values which represent the additionz=l
dust burden attributed to the operation of this pilant. Tzbles 1 znd 2 list

the background respirzble dust levels and their descriptive statistics,

Coznclusion

The respirable and totzl dust levels for most jobs zt the Northwestern Stzates
Cement Plant in Mason City, lowa are below recommended exposure levels. Four
samples from a wmill helper, a laborer, and two dust collectors excesded the
ACGIH recommended level for respirable nuisamce particulate. Two samples from
a primary crusher operator and z repzirmzn exceeded the MSEA standard for
nuizance dust. Five respireble dust samples contzined detectable levels of
quartz, Three of these samples exceeded the MSHA-PEL for respirable quartz,

Exposure to quartz occurs primarily in asscociation with raw materials.
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Recommendaticns

WoTkers may need to be periodiczlly monitored for exposures to respirzble dust
and quartz, and total dust, A routine surveillance program will indicate
aress of overexposure for directing dust coatrol msasures, and ensure that
exposures remain below recommesnded levels. The palletizing area may glso need
to be monitored for levels of carbon monoxide. Engineering controls ere the
most effective means of reducing worker ezposure to airborne dust. These
controls should be maintzined in efficient working order, Ventilatiorn design
to remove the dust from the air onmce it is gensrated and sepsraticn from the
dust by enclosing either the worker or the dust zre effective means of
control, The priority for implemerting dust control msssures should bagin
with arezs of highest exposure. Workers with the highest dust exposures wers
generally involved in maintenance and clean—up operatioms. Since it is
difficult tc control dust exposures during these operaticns, persomzl
respirators may need to be provided. Imn the cass of the primary crusher
opsrator, his comtrol statiom might be enclosed. This would protect the

operator from dust, as well as noise.

During clear—up operations, workers often use compressed air to "blow down”
the work aress. This process resuspends a great deal of dust. Substitution

with a vacuum system would eliminate this problem,

Although engireering controls are the recommended ecourse of sctior, perscnzl
protective equipmesnt (respirators and goggles) may be used by workers whanever

engineering countrols arZe not avallable or during ms=intenance, repair, and
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clean-up operations. The disposable paper or cloth respirators do mot form an
occlusive seal between the respirator and the face. Dust particles would be
able to pass through leaks betweesn the respirator and the face, V¥henever
workers are potentizally exposed to excessive quartz concentrations, quarter or
half maszk dust-fume-mist respirators should be used. The disposzable
re;pirators will, however, provide scme protectiocn to workers exposed to
nuisance particulates, If workers complzin of eye irritation, full-fzce piece
respirators may be ussd instead of half or guarter mask respirators to
alleviate the problems. It is suggested that workers be involved in the
selection of a comfortable NIOSE/MSHA zpproved dust-fume-mist respirator znd
be fit-tested to ensure that they are adequately protected, To reduce thes
emission of carbon monoxide from engine exhaust, engines should be shut off or
parked out of doors whenr not in use, During the loadizg of bulk msaterisl
trucks, engines should be shut off tc awvoid a2 build up of gases in the silc
contrcl.rooms. Increzsed general rogm vemtilation in the palletizing building
would also reduce exhaust gas concentrations. The corrective actions
recommended should be viewed as scientific guidance. There is no legzl
requirement that you implement any of these recommesndations, and no assurance
that these actions, if implemented, would be sufficient to prevent future
citztions for nov-compliance. Nevertheless, it is znticipated that
implementation of the recommendations listed in this report will reduce
airborne dust levels at this facility, sand improve ths environmental

conditicns of the workplzace.
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Number of Szmples With Detectable Levels of Contamimants

Contaminant
Respirable dust
Total dust
Quartz
Cristobalite
Aluminum
Chrozmium
Cobalt
Hzgnesium
Mzngzanese
Hickel
Asbestos
Sulfates
Sulfites
Sulfur dioxide

MitTogen dilexide

Table 1

Envirconmental Investigations Branch

Industrizl Hygiene Survey of Cement Workers
Northwestern States Cement, Mason City, Iowa

# Samples

Collected

73
17
55
55
32
32
32
32
32

32

27

# Samples with
Detectable Conc.

73

17

5

0

23

18

28

12

17

26

27

Limit of

Deteaction

0,01 mg
0.01 mg
0.03 mg
0.03 &g
0.20 ng
0.004 mg
G.005 mg
0.002 mg
C.002 mg
0,004 mg
4500 fibers
0.005 mg
0.010 og
0.005 mg

0.02 ppm



Tahle 2

ENVIROMHENTAL IHVESTIGATIONS BRANCI
CEMENT WORKERS HORBIDITY STUDY
NORTHMESTERN STATES CEMENT
PERSOHAL RESPIRABLE DUST COHCENTRATIONS, MG/H3

GROGUPED BY EXPOSURE AREA

Jon

BACKGROUNN
BACKGROUND

Jop

KILN FEED OPERATOR
QUARRY TRUCK DREIVER
KYLH FEED OPERATOR
FRONT END LOADER
FRONT END LOADER
QUARRY TRUCK DRIVER
DOZER OPERATOR
LARORER (CLAY)
QUARRY TRUCK DRIVER
CONVEYOR OPERATOR
KILN FEED OPERATOR

Jon

REBRICKER

REBRICKER

KILN BURNER
KILH HELPER
RERRICKER

KILN BURNER
KILHN HELPER
KILN HELPER
KILH HELPER
KILH HELPER
KILN RELPER
KYLH BURNER

Jop

--------------- AREA=DACKGROUND

FORKLIFT OPERATOR (FIMISH) 274
FORKLIFT OPERATOR (FINISN) 27J

HASOM CITY, IOMA

o e e i e it B 3 e e P e X 48 Bt B A i B S o B o e i e e s e e e

PACKER
PACKER
PACKER
BULK LOADER
PACKER

DATE SHIFT DUSTHGH3
280101 1 0.00
300uUL81 1 0.02
e AREAZRAN ——mm e e e e e e
DATE SHIFY DUSTHGM3
27JuUL8l 2 0.1%
2aJuLnl 1 0.07
2n.0uLaL 1 0.46
2840101 1 0.17
28.JuU1 81 1 0.21
20 UL8) 1 e.25
JoJuLal 1 0.14
Jont 1 0.27
3nJuLel 1 0.24
3oJuLal 1 0.18
J¢.juLsl 3 0.25
AREA=CLIMKER -~—————c——mm—menn
DATE SHIFT DUSTHGH3
274Ut a1 2 0.3%
27JuLal 2 0.30
27JUL01 2 0.29
27.JuLal 2 0.21
2a.uLal 1 0.73
2a.auLal 1 0.56
2aJuLal 1 0.48
26Jutsl 1 0.9
26JuLsal 1 0.50
loJuLsl 1 0.t2
3oJuLat 3 0.23
Jo.ULol 3 0.03
AREA=FINISH -
DATE SHIFT DUSTHGHI
L 81 2 0.52
[UE:) 8 2 0.62
27.0n.81 2 1.43
27JuLal 2 3.3%6
274Ul 2 2.41
294ULd1 1 1.04
294uLa] 1 1.06

J4



Table 2

EMVIRONHEMNTAL THVESTIGATIONS BRANCH
CEMENT WORKERS HORBIDITV STUDY
HORTHHESTERN STATES CEMENT  MASOM CITY, I0HA
PERSOMAL RESPIRABLE DUST COMCENTRATIONS, MG/HM3
GROUPED BY EXPOSURE AREA

Jog

BULK LOADER

PACKER

LOCOMOTIVE OPERATOR
DULK LOADER

BULK LOADER

BULK LOADER
PALLETIZER OPER
CLEAN UP

JoB

HACHINIST
HACHINISY

HIY CHEHIST

HILL OPERATOR
HILL HELPER (HYX)
MILL HELPER (MIX)
HILL HELPER (HIX)
DOZER OFERATOR (HIX)
nuUST COLLECTOR
UTTILITY (SHIFT)
HILL HELPER (HIX})
MILL OPERATOR
HILL HELPER (MHIX)
REPAINIHAH

LABORER

LABORER

DUST COLLECTOR
YARD HORKERS
STOREROOM SUPERINTENDENT
REPAIRHAN

DUST COLLECTOR
REPAIRMAN
REPAIRMAN
REPAIRMAN
PIPEFITTER

DUST COLLECTOR
SWEEPER DRIVER
ELECTRICIAH
LABORER

SUEEPER DRIVER
HILL HELPER (HIK)
UTILITY (SHIFT)
COKE COAL HAMDLER
HILL OPERATOR

HYX CHEMIST

AREA=FINISH

DATE SHIFT DUSTHGH3
29JULBL 1 0.46
29JLL8L 1 %.25
294UL81 1 0.25
304ULAY 1 0.48
JoJuLal 1 1.40
30JUL8L 1 0.80
3o0JuLal 1 1.79
InJuLal 1 0.71

AREA=HIX
DATE SHIFT DUSTHGHY
27JUL8L 2 3.43
27Ju4L81 2 0,73
27.n181 2 0.50
27.JULal 2 0.25
27.JuLal 2 2.23
2700181 2 1.24
27.4uL81 2 7.98
27JuLsl 2 0.32
27.JuLsl 2 0.26
28.JuLs) 1 0.14
2a.0uLsl 1 6.70
2a.nnal 1 n.54
28JuL8l1 1 1.66
28JULBL 1 2.11
28.JuLsL 1 1.96
28JuULsl 1 1.26
204U181 1 0.58
29Juiay 1 0.12
29JuLol1 1 0.08
29.4ULa1 1 0.74
29JuL81 1 lo.8
29.J4uLsl 1 0.19
29JuULal 1 0.73
30.JULDL 1 0.08
i04uL0Y 1 0n.16
JoJual 1 23.82
30.ULAL 1 1.78
JoJuLal 1 0.23
JoJuLai 1 h6.22
30JULa1 R 0.59
RUNITIRA 3 0.30
JoJaual 3 0.17
JouLel 3 .14
Jodutal 3 0,08
RAIHE) ] 3 n,72

62



ENVIRONHENTAL THVESTIGATIONS BRANCH
Table 3 CEHEMT WORKERS HONBIDIYY STUDY
HORTHMESTERN STAVES CEMENT  MASON CITY., IOWA
PERSOMAL RESPIRADLE DUST COHCENTRATIONS, MG/M3

AREA SAHPLES HEAN 31D G6H 650 HLOD HIN HAX
BACKGROUND 2 0.0l 0.0} 0.00 5.39 0 0.00 a,02
RAU 1 0.22 0.10 6.20 1.6} 1] 0.07 0.46
CLINKER 12 .40 n.25 0.31 2.46 0 0.03 0.94
FIHISH 15 1.43 1.16 .06 2.24 0 0.25 4.25
HIX 35 3.258 8.67 0.75 4.61 1] 0.03 66,22
PLANTHIDE 73 1.95 6,12 0.57 1.73 0 0.03 46.22
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ENVIRONMENTAL INVESTIGATIONS BRANCH
CEMEHT WORKERS HORDIDITV STUDV

HASOH CITV, YIOHA

PERSONAL HESPIRABLE DUST CONCENTRATIONS, MG/H3
ARITHHETIC HCAH VALUES BY JaB CATEGORY

HORTHWESTERH STAYES CEMENT

Figure 3
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ENVIRONHENTAL INVESTIGATIONS BRANCH
CEMENT WORKERS MORBIDITY STUNY
Table 4 ' HORTHHESTERN STATES CEMEMY  HASON CITV, TOWA
GUARTZ CONCENTRATIOH OF PERSONAL RESPIRABLE DUST SANPLES
AUARTZ COMCEMTRATION YTH MICROGRAHS PER CUBIC METER (UG/H3)

Jon DATE SHIFT  PCT_SI02  QUARTZ  AREA
QUARRY TRUCK DRIVER zaJuLel 1 n H RAN
KILN FEED OPERATOR 2a.Ju181 1 u H nAM
KILN FEED OPERATOR 30JUL81 3 Y H rAN
QUARDY TRUCK DRIVER 300ULa1L 1 H N RAU
LABORER (CLAY) 30JuULol 1 N N RALI
REBRICKER 2700081 2 H H CLIFKER
REDRICKER 27JUL81 2 N N CLIMKER
KILN BURNER 27JuLsl 2 N H CLINKER
HILN BURNER 28JuUL81 1 H K CLINKER
KItN HELPER 26JULO1L 1 N H CLINKER
KILH HELPER 28.JuL81 1 N N CLINKER
KILM HELPER 28JUL81 1 N N CLINKER
REBRICKER 28JuLal 1 N ] CLINKER
KILH HELPER 30JULSY 3 i N CLINKER
PACKER 27JUL81 2 H N FINISH
FORKLIET OPERATOR (FINISH}  27JuL81 2 H H FINISH
PACKER 27.JuL8Y 2 N H FINISH
FORKLIFT OPERATOR (FINISH)  27JUL8% 2 M M FINISH
PACKER 27JuUL81 2 N 1 FINISH
LOCOHOTEVE OPERATOR 29JUL81 1 H H FINESH
PACKER 29JUL81 1 N H FINISH
PACKER 29.JuUL81 1 H N FINISH
AULK LOADER 29JUL81 1 H N FINISH
BULK LOADER 30JULA1 1 N H FINISH
PALLETIZER OPER 30.JUL81 1 N N FIHISH
BULK LOADER 30JUL81 1 M N FINISH
RULK LDADER 30JUL81 1 H H FINISH
CLEAN Up 30JUL81 1 H H FINISH
MILL HELPER (HMIX) 27JuL81 2 N H HIX
HILL HELPER (HIX) 27JUL8Y 2 N H HIX
DOZER OPERATOR (HIX) 27JUL81 2 H N HI1X
MILL OPERATOR 27JULAY 2 N N HIX
HIX CHEMIST 27.UL81 2 N N HIX
DUST COLLECTOR 27JuLal 2 H N HIX
MILL HELPER (MIX) 270UL81 2 H N HIX
MACHINIST 27JUL81 2 N N HIX
HACHENIST 27JUL81 2 H N HIX
HILL OPERATOR 2040101 1 H M HIX
REPAIRNAM 28JUL81 ) N N HIX
LABORER 204UL81 1 2.8 54,94  HIX
KILL HELPER (MIX) zaJuLal 1 N N HIX
LABGRER 2840181 1 M N HIx
HILL HELPER (HIX) sa.JuLel 1 5.0 82.78  HIX
OUST COLLECTOR 20JUL61 1 Y H HIY
REPATRHAN 29JuUL81 1 H N HIX
REPATAHAN 29JUL81 1 H N HIX
OUST COLLECTOR 29.1ILAY 1 1.1 123.97 HIX
REPATRHAM 1000181 1 5.8 51.16  HIY
ELECTRYCYAN 30JULAL 1 N N HIX
LABORER 10.4UL01 1 11.0 5064.2  HIX
DUSY COLLECTOR S0JULAL 1 1 H MY
SWEEPER DRIVER FnJuLaL 1 N N nix

£t



EMVIROMMENTAL INVESTIGATIONS BRANCH
Table 4 CEMENT LIORKERS MORDIDITV STUDY
lable 4 HORTHHESTERN STATES CEMENT  MASOM CITY, YOMA
QUARTZ COMCEMTRATION OF PERSOMAL RESPIRABLE DUSY SAMPLES
QUARTZ CONCENTRATION IN MICROGRANS PER CUBIC HETER (UG/I3)

Jog DATE SHIFT PCT_SIO0Z QUARTZ AREA
SMEEPER ORIVER 300081 1 H H HIX
HIX CHEHIST 304uUL8) 3 H H HIX
HILL HELPER (HIX) 30JULBL 3 H N MIX

7E



Table 5
Environmentzl Investigztioms Branch

Cement Workers Morbidity Study
Northwestern States Cement, Mason City, Iowa

Detectzble Quartz Compared to MSHA Permissible Exzposure Levels

Levels of Dust Conc. Quartz Conc. MSHA PEL
Jod Mg/m3 % Quartz ug/ms ng/m3
Laborer 1.96 2.8 54.94 2.08
Repairmsan 0.88 5.8 51.16 1.28
Mill Helper 1.66% 5.0 82,78 1,43
Laborer 46,22% 11.0 508&.25‘ 0.77
Dust Collector 10.81% 1.1 123,97 3.23

*Indicates the measured dust concentration excesds the Permissgible Exposure
Ligic,



--------------------------------------------------------- AREA=BACKOROUIHD e ve o memesm s v e

Table 6

Jon DATE SHIFT  DUSTHGH3
BACKGROUMD 2s3uLAL 1 0.0a8
BACKGROUHD  304UL81 1 0.04
------------------------------------------------------------- F T T ——
JoB DATE SHIFT  DUSTNGM3
QUARRY TRUCK DRIVER 2aJuL81 1 1.62
PRIMARY CRUSHER OFERATOR  28JUL81 1 35.16
QUARRY TRUCK ORIVER 30JUL81 1 0.60
FRONT END LOADER 30JUL1 1 0.73
-------- ——— AREA=CLINKER : ———
Jon DATE SHIFT  DUSTMGM3
KILM BURHER RELTEF 294181 1 2.00
KILN HELPER 3u.ducal 1 1.49
KILH HELPER 304uL81 1 0.068
—— -- AREA=FIHISH -
Jo DATE SHIFT  DUSTMGM3
LOCOMOTIVE OPERATOR  294uUL81 1 2.28
PACKHOUSE FOREMAN 29JUL81 1 1.16
— - AREA=MIX —- ————
Jos DATE SHIFT  DUSTHGHS
HACHINIST 20JuUL8Y 1 0.70
ELECTRICIAN 20.JULOL 1 2.00
REPATRNAM 2aJuLal 1 28,96
MIX CHEMIST 260101 1 1.73
UTILYTY (SHIFT)  29JULBL 1 0.04
REPAIRHAN 30JULOL 1 3.95

ENVIROMHMENTAL INVESTIGATIONS BRANCH
CEMENT WORKERS HORBIDITY STUDY
HORTHUESTERN STATES CEHMEMY  HASOM CITY, YOWA
PERSOMAL TOTAL DUST COMCENTRATIONS, HG/H3
GROUPED BV EXPOSURE AREA

9¢



Table 7

AREA
BACKGROUND
FINISﬁ

HIX
PLANTHIDE

EHMVIROHNHENTAL INVESTIGATIONS BRAMCH
CEMEHT HORKERS HORDIDITY STUDY
HASON CIVY, IOMA

HORTHWESTERH STATES CEMENT
PERSOMAL TOTAL DUSYT COHCENTRATIONS, HG6/M3

SAMPLES

2
4

HEAN

0.06
9.50
1.45
1.72
6.24
5.57

0.
17.
0.
0.
11.
10.

87D

03
06
56
79
21
a6

GM

3.06
2.40
1.34
i.62
1.513
1.70

GSD

1.54
6.20

4.78

HLOD

- — ]

HIN

0.04
0.73

1.16
0.04
0.04

MAX

0.00
35.16
2.00
2,28
28,96
35.16
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DUSTHGH3 MEAHN

30

20

10

—— — - ——— g ———— v ——— — —

ENVIRONHEHTAL INVESTIGATIONS BRANCH
CEHENT WORKERS HORBIDITY STuDY
HORTHUESTERN STATES CEHENT  HMASON CY¥Y, YOUA
PERSOMAL TOTAL DUST CORCENTRATIOHS, HG/M3
ARITHMETYIC MEAH VALUES BY J0B CATEGORY

BAR CHART OF HEANS

STCOITERO»D

M

LT

HAUH IR

HHHMNH .

HIE

HER ¥

LT

BN

CEELT

LT

A H U

B M N

HUMH HHMNH

W H N AN

HHHHH I

NN WA U

M HAH U

[T Y] WHUNK AR [ WM I EUEE T [T WHHI
2] F P K K r L E H R M u
U R Y I I A 0 L A E I T
A 0 1 L L [ [ € c p X I
R H H H N K 0 c H A L
n T A H H T X I Cc I
Y R H B (1] 0 R N R ] T
E Y E u U T I I H E Y
T ] L R 5 I c 5 A H
n 0 C n M E v 1 T ] I {
[ 1] E E E A 5 8
c L u R R F N T H
K a S 0 0 I
A H n n [ F
n n E E E E T
1] E ] L M 4 )
X R I A A
Job

6¢



Table 8

AREA

RAU
RAM
RAH
RAW
CLYNKER
CLINKER
CLINKER
FINISH
FINISH
HIX

HIX

HIX

HIX
HMIX
HIX
HIX

DATE

zajuLalL
26JuLel
JoJuLsl
ioJuLel
29JuLal
3oJuLsl
30JuUL8l
29.JuUl.81
29JuLsl
2oJuLel
26.JuULBL
2aJuLsl
284ULA1
2961
301061
3oJguiel

SRIFT

ol bt ot o ot ok ot e b ot b b b [ el et

ENVIROMHENTAL INVESTIGATIONS BRANCH

CEHEHY MORKERS MORBIDITY STUDY
HORTHWESTERN STATES CEMENT

TRAGCE METAL CONCENTRATIONS OF PERSONAL TOTAL DUST SAHPLES
CONCENTRATIONS IN MICROGRAMS PER CURTIC METER (UG/H3)

Jos

HUARRY TRUCK ORIVER
PRIMARY CRUSHER OPERATOR
QUARRY TRUCK DRIVER
FRONT EHD LOADER
KILN BURMER RELIEF
KILM HELPER

K1t HELPER
LOCOMDTIVE ORERATOR
PACKHOUSE FOREHAN
DUST COLLECTOR
HACHINIST
ELECTRICIAN
REPAIRMAN

UTILITY (SHIFT)
REPAIRHAN

LABORER

AL_UGH3

15
84
13

H
34

HAGON CITY,

CR_UGH3

62
664
112
104
72

71

I0KA

CO_UGH3

HG_UBM3

2h

HH_UGH3

N

e ~
ZOZTZTVZZZZZZZI R

N
[

HI_UGH3

0%



Mezal
Aluminum
Caronium
Cobalt
Magnesium
Mzngansse

Nickel

Summary for Personal Trace Metal Concentrations

|e=t

12

13

15

11

Table S

Environmental Investigations Branch

Cement Werkers Meorbidity Study

Northwestern States Cement, Mason City, Iowes

Milligrams per Cubic Meter

246
67
21

164
29

38

Mezans

Std.dev. Minimum
462,37 i3
37.21 4
_ 21
366.31 1
32,05 3
63,61 6

in

Maxiomum

1387
122
21
1387
79

225

41



EMVIRDHMENTAL YMVESTIGATIONS BRAMCH
CEMEMT WORKENS HORBIDITY SYUDY
Table 10 HORTHMMESTERN STATES CEMEMT  MASON CIVY, IOMA
TOACE METAL CONCENTRATIONS OF AREA TOTAL DUST SAMPLES
CONCEMTRATIONS IN HICROGRAHS PER CUBIE HETER (UG/HM3)

AREA DATE SHIFT Jos Al_UGH3 CR_ticH3 CO_UGHM3 ~ MG_UGH3 HH_UGM3 HI_UcH3
BACKGROUHD 28JuLal 1 BACKGROUKD H 115 ] N H 8
BACKGROUND 3oJulsl 1 BACKGROUKD H a1 ] N N 108
HIX 28JuUL81 1 HIX CHEMIST 25 67 N 11 N a
RAK 2eJuLsl 1 CLAY DRYER N H N H N N
RAW zaguLel 1 SHAKERS/BELT TRANSFER 143 H N 195 2 58
CLYNKER 27JUL8l 2 FEED END OF FINISH HILLS 956 H N 546 8 N
CLINKER 27JuLBl 2 FRONT END OF KILH 39 N N 20 H H
CLINKER 29JuULB1 1 CLIMKER COOLER 204 N N 120 2 N
CLIMKER JoJuLsl 1 FEED END OF FIMISH HILL3 320 N H 171 4 N
CLINKER JoJursl 1 CLINKER CONVEYOR 69 N M 50 H H
FINISH 27Julel 2 BAGBING 162 H ] 147 2 H
FINISH 2aJuLel 1 BULK LOADING SILOS N H H 5 N N
FINISH 29JulLel 1 BAGGING 101 N N 4?7 H H
FINISH JoJuLel 1 BULK LOADING SILOS 84 H H 42 N H
HIX 28JuLsl 1 WELDING SHOP N 37 N 5 190 47
HIX 29JuLsal 1 WELDING SHOP 78 13 H 130 260 17

7



Metal

Alumpinum
Chromium
Mzgnesium
Mzngznese

Nickel

1=

il

13

Table 11
Eovironmental Investigations Eranch

Cement Workers Morbidity Study

Northwestern States Cement, Mason City, Iowa

Summzry for Area Trace Metal Concentrations in

Milligrams per Cubic Meter

Heans Std. Dev, Minimum
158 263.15 25
53 39.87 i3
114 145.71 5
41 96.7 p
41 39.05 g

43

Mzzimum

95¢
115
546
260

108
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Table 12
Environmental Investigazticus Branch

Cement Workers Morbidity Study
Northwestern States Cement, Mason City, lowa

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

Exposure Caztegories

Metals Finish Mill Packhouse 29 Crusher Clinker Conveyor Belt
Aluninum 1490,33 141,57 S.46 249,34

Calcium 28796.79 4376.06 2877.45 4516.3

Iron 785,40 291,61 11.13 125,92

Magnasium 719.7% 90.8 31.86 132,0

Mznganese 13.90 N / N ot

Sodium 158.45 .74 N 35,13

Phosphorus .28 i N 1.24

Titanium 69,52 6,55 N 12,53

Zine 32.09 N N N

The following elements ware less than 1.0 ug/filter in the above samples: silver,
grsenic, beryllium, cadmium, cobalt, litanium, molybdemumm, platinum, selenium, tin,
tellurivm, thsllium, venadium, yttrium, and zizeonium.



EHVIROMMENTAL INVESTIGATYONS BRANCH
Table 13 CEHENT WORKERS HORBIDITY STUDY
: NORTHMESTERN STATES CEMENMY  HASOM CITV, YOWA
ANALVSIS OF BULKK MATERIAL PRESENTED AS PERCENT BY WEIGHTY

AREA Jop RUARTZ CRISTB AL cr co HG HH NI ASBESY

nAH RAH MATERTAL 1.7 N 0.77 H N 0.64 0.014 H 0.0
nAl RAW MATERIAL 3.0 N 1.20 N H 1.00 0.016 H 0,0
NALI RAN HATERIAL 4.7 N 1.60 N N 0.99 D.023 )] 0.0
RAK RAL HATERIAL N N 0.41 H N .84 0.010 N 0.0
RAL RAH HATERIAL N M 0.36 H M 0.646 0.009 N 0.0
RAU RAK MATERTAL N N 0.47 N M 0.90 a.011 H 0.0
RAK AAM MATERIAL 17.7 N 2.20 N N 1.10 0.062 N 0.0
CLIMKER CLYHKER N H 2.60 N N 1.00 0.022 ) 0.0
CLINKER CLINKER H M 1.80 N M 1.00 0.020 N 0.0
CLINRER CLYHKER K N 2.10 N N 0.97 0.021 N 0.0
CLINKER CLINKER N N 2.00 N N 6.93 a.019 N 0.0
CLINKENR CLIHKER H ] 2.60 N N 1.10 0.022 N n.o
FINISH FINYSH N ] 1.40 N N 0.75 0.015 N n.0
FIHISH FINISH H N 1.80 N ] 0.90 0.017 H n.o
FINISH FINISH ] N 2.40 H N 0.94 0.020 N 0.0
FINISH FINISH H N 2.30 H H 1.10 0.021 W 0.0
FINISH FINISH N N 2.20 N M 1.30 0.026 H 0.0
FINISH FINISH N N 2.40 N N 1.20 0.021 M 0.0
FINISH FINISH H H 2.50 N N 1.20 0.022 | 0.0
HIX COKE 0R COAL N H 0.25 N H 06.04 K N 0.0
HIX CLIMKER FIMNISH N H 2.00 N M 1.40 0.021 N 0.0
HIX RAW CLIMNKER FINISH 2.6 N 0.96 N N 1.10 0.01%5 N 0.0

gy



ENVIRONMENTAL YHVESTIGATIONS BRANCH
Table 14 CEMENT HORKERS MORBIDIVY STUDY
MORTHMESYERN STAYES CEHENT  MASON CYTV, YOUA
S0X CONCENTRATIONS

Jan DATE SHIFT AREA 504_UGH3
BAGHOUSE BACK END OF KILN 27JuLsl 2 nau N
DISCHARGE STACK (BOTTOM) z7JuLsl 2 RAN N
BACK ERD OF KILN 3oJuLsl 1 RAW 35.40
FRONT EWD OF KILN loJuLsl 1 CLINKER 18.%98

503_UGH)

zZ=Z=Z=

S02_PPM

0.01
M
0.01

97



ENVIRONMENTAL INVESTIGATIONS BRANCH
Table 15 CEHENY HORKERS HORBIDIYY SYUDYV
NORTHUESTERN STATES CEMENT  HASON CITY, JOUA
NO2 COMCENTRATIONS IM PPN

Jon DATE SHIFT AREA CONC
QuUARRY TRUCK DRIVER 200L01 1 RAW 0.09
KYLH FEED OPERATOR 28JULbl 1 RAH 0,01
FRONT END LOADER 26JUL81 1 RAW 0.12
FRONT END LOADER 2a4uL6l 1 RAM 0.02
GQUARRY TRUCK DRIVER 204UL81 1 RAM a.19
DOZER OPERATOR JoJjuLsl i RAH 0.02
LABORER (CLAYV) lo0JuLel 1 Al 0.10
QUARRY TRUCK DRIVER 30.0uULBl 1 AN 0.10
CONVEYQR OPERATOR JoJuiel 1 RAK 0.11
REBRICKER 280U1681 1 CLINKER 0.03
KILH BURNER 28JuLBl 1 CLINKER G.03
KILN HELPER 28.UL81 1 CLINKER 0.11
KILN HELPER 2eJuLel 1 CLINKER .0.04
KILN NELPER JoSuLel 3 CLINKER N
BULK LOADER JoJuLsl 1 FINISH 0.07
RULK LOADER JoauLel 1 FINISH 0.13
BULK LOADER joJulel 1 FINISH 0.14
PALLETYZER OPER 3oJulLal 1 FINISH 0,02
CLEAN UP JoJuial 1 FINLSH 0.03
UTILITY (SHIFT) 2aJuLel 1 HIX 0.10
LABORER 288l 1 HIX 0.07
DUST COLLECTOR 28JuLnl 1 L) b4 0.06
HILL HELPER (HIX) Jauet 3 HIX 0.02
SHEEPER DRIVER 30.4uULsl 1 HIX 0.09
HYX CHEMIST ioJuLel 3 HIY 0.02
LARORER JoJuLsl 1 HIX 0.06
SWEEPER ORIVER JoguLel 1 HIX 0.05



Date

July 29

Table 16

Enviromnmentzal Investigationms Branch

Industrial Hygiene Survey of Cement Workers
Nerthwestern States Cemsnt, Mason City, Iowa

Direct Reading Indicator Tube Concentrations ino

Parts Per Miliicn

Area

Bag storage (gzsoline
powered forklifts)
(gre moving pallets)
up on palletizerin
bag storage

Truck bulk loed siles

Inside Kiln #2
Forklift bringing bricks
in for rebricking operation

(PFH)

trace

trace
0.1

48

NO2
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Physiological Response

The mzin function of the lunmgs is to keep the oxygen znd carbon dioxide
content of the arterial blood withim 2 certain narrow range. In ordel to
accomplish this, the lungs must bring the blood ir comtact with the sir. The
lungs are ventilated by a bellows action, when the chest cavity 1s expanded by
the contraction of the dilaphragm. This crestes a negative pressure in the

lungs causing zir teo rush in.

When 2 person breathes, air is drawn through the noss intc the nasopharynxz and
trachezs. From there it reaches the slveoli or zrea of gas exchange through 2
gystem of ducts: the bronchl, respiratery bronchloles, ard thzs terminzi
bronchicles. It is in the alvecll where the blood is oxygenated and carbon
diozide diffuses into the lungs to be encreted. Deposition of eirborns
particles occurs as & consequence of severzl different pﬁysical,procesaes. 0z
primzry concern are sedimentation, inertial impaction, and diffusiom.
Sedimentation 1is simply the settling ocut of particles ontoe resplratory tissue
under the influsnce of gravity. Inertisl impzcticn occurs when the momesntum
of particles belng carrzied zlong im an alr curzent carriesz them along their
oTiginal path when the air current changes direction. The particles may then
be deposited oz the surfazce of respiratoery tissue. BEBssides sedimentztioen and
impaction, very smzll particles zre affected by diffusion. Sincz movemsnt of
smell particles in air is completely random, those that are iz cleze proximity

to the alveolar wall ars likely to ccllide with it amd hence bs deposited. (15)
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In order to remeve particles from the respiratory system, two ssparate
mechznisms are present., Those particles deposited in the upper ailrways are
removed by the mucocilizary escalatcr. In the upper zirways thers is 2 series
of tinoy hairs ¢r cilia which are continually sweeping mucous and particles
upward toward the throazt. The mucous provides a sticky layer to capture and
hold the particulzte, while the ciliz remove it from the respiratory systen.
In the terminal bronchioles azd the alveoll, deposited materizl is ramoved by

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

Problems asrise, however, when the respiratery systez is cvarcoms, Whensver .
there is 2 high comcentration of dust, the mucoeiliary escalstor and the
phagocytes m=y not be able to remove all of the particles. Alse, the
particles may possess unique properties which prevent the patural defenses of

the lung from elimicating them,

It is the intent of this study to determice which materials may bes texic to
the respiratory systen, and what coccentration and duration of exposure may

produce physiclogiczl changes.






