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Executive Summary

The California Cement Plant {n Colton, California was surveyed by a NIOSH team
of industrlal hygienists, on December 7 through December 10, 1981, Samples
were collected and analyzed for respirable and total dust, free crystalline
silica, aluminum, cobalt, magnesium, manganese, nickel, other trace elements,

asbestos, nitrogen dioxide, and oxides of sulfur,

The respirable and total dust levels for most jobs are below recommended
exposure levels. However, eight samples exceeded the ACGIH recommended level
of 5.0 mg/m3 for respirable nuisance particulate, Six total dust samples
exceeded the MSHA standard of 10 ng/n3 for nuisance dust. Of the dust
contaminants measured, only quartz is considered to be present in excessive
concentrations. Exposure to quartz was observed in all areas of the plant,
particularly {n association with raw materials, Eleven respirable dust

samples exceeded the MSHA-PEL for respirable quartz,




Introduction

The National Institute for Occupational Safety and Health (NIOSH) has
undertaken a study to determine the effects of materials found in Portland
Cement facilities on the human respiratory system, A repregentative group of
plants in the United States has been randomly chosen for inclusion in this
study. California Cement in Colton, California was the fifteenth of sixteen

plants to he surveyed.

Each plant survey consisted of:

1. VMedical testing of employees to determine the prevalence of

respliratory disease.

2, Enviroomental sampling to determine the presence and concentration

of various contaminants.

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

This report deals with the envirommental aspect of the study. The
environmental surveys are primarily concerned with the composition and
concentration of airborne dust particles, It is imporzant to characterize the
presence of toxic contaminants as completely as possible, so that, 1if

respiratory problems are discovered, the proper contaminant may be implicated



as the cause of disease, Therefore, toxic gases and metals are also
monitored. A major weakness of much of the past medical research of worker
populaﬁions in Portland cement plants i{s the lack of complete documentation of
the respiratery hazards to which workers are exposed. For these reasons,
comprehensive industrial hygiene surveys are a very important aspect of the

Cement Workers Morbidity Study.

The California Cement plant in Coltonm, California was surveyed on Monday,
December 7 through Thursday, December 10, 1981, by Laurie Placitellil, Michael
McCawley, John Gamble, and Wayne Sanderson., The original cement plant was
established in the 1890's adjacent to s limestone quarry, one mile southwest
of Colten. Today, the limestone quarry serves not only &s a calcium source
for cement production, but as a scurce for commercial lime which is alsc
processed at the plant site. The rock is crushed inm gyratory and impactor
crushers, and then stored for use in cement or lime production. Other
materials for cement production (shale, sand, gypsum, and coal) are trucked in
by other companies. The limestone, shale, and sand are blended and milled in
rotating ball mills into a powder. The raw material powder {s pumped into the
kilns for clinker production. Cement clinkers are produced by the dry process
method in two kilns which were bduilt in 1963, The kilns are fueled by
pulverized coal. Gypsum is added to the clinker and it 1s milled in ball
mills to increase fineness; this ground material is Portland cement. The four
types of finished cement manufactured here, are bagged, or loaded out as bulk

in trucks or rallcars.



Methods and Results

Personal Respirable and Total Dust Samples

It was not feasible nor statistically necessary to monitor all individuals at
the plant. Using a random numbers table, a subset of workers was chosen to
participate {n the study. These selected workers were requested to wear a
respirable or total dust sampler. To collect respirable dust, air was pulled
through a 10 mm nylon cyclone and a polyvinyl chloride filter (PVC) at a flow
rate of 1.7 liters per minute (lpm) by a personal sampling pump. At this flow
rate, the cyclone separates the collected airborme dust into two fractioms.
Those particles considered respirable pass through the cyclone and are
collected on the filter; larger particles or those counsidered to be
non-respirable drop to the bottom of the cyclone and are discarded. The
collection efficiency curve for this cyclone is presented in Figure 1. 4s
defined by thils curve, particles greater than 10 micrometers in aerodynamic
diameter theoretically would mot pass through the cyclone and be deposited on
the filter. Whereas, almost all the particles smaller than 1.5 wmicrometers in
aerodynamic dlameter would be collected on the filter, (1) The basic sampling
apparatus for respirable dust, minus the size selector, is used to collect
total airborne dust. Air is pulled through a PVC filter mounted in a
polystyrene filter holder at a flow rate of 1.7 lpm. Those particles 20 um
snd below are collected fairly efficiently on the filter media, This of
course depends also on the direction, speed, density, and nearness of the

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



Figure 1 COLLECTION EFFICIENCY OF THE PERSONAL RESPIRABLE DUST CYCLONE
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the nearest 0.0l milligram (mg), before and after sampling. The weight gain
of the filters, the sampling flow rates, and the sampling times were used to

calculate airborne dust levels.

Respirable dust levels are reported in Table 2 as milligram per cubic wmeter
(DUSTMGM3). The results from the respirable dust sampling are also summarized
in Tabdle 3, with summary statistics computed for each exposure category. The
“MEAN" value is an arithmetic average of all values obtained in each area; the
“STD" values are the standard deviations, which is a measure of the
variability of the data. “GM" and "GSD" are the geometric means and geometric
standard deviations of the same data respectively. Geometric values sometimes
give & better estimate of expected values than do normal arithmetic averages
because the effect of an occasional high value is diminished in caleulating
geometric means, The NLOD values are the number of samples which were less
than the lim!t of detection. "MAX" and "MIN" values are maximum and minimum
observed values for samples that had detectable amounts of materials.
Arithmetic mean respirable dust levels are also charted in Figures 2 and 3 by
process area and job category respsctively. These are presented to provide

easy recognition of the highest exposure areas and job categories.

After weighing, the respirable filters were subjected to analysis by x-ray
diffraction to determine their content of the crystalline silica polyworphs,

quartz and cristobalite. (2) Crystalline silica 1s reported in Table & as



microgram per cubic meter (QUARTZ) and percent quartz (PCT_;IOZ). A value of
"N" indicat#s that the measured quantity was below the analytical limit of
detection, Limits of detection for each method are given in Table 1. Samples
which had detectable quartz concentrations are also shown on Table 5 with
their calculated MSHA-PEL., This will be discussed in detail in the Discussion

Section,

Total dust levels are presented in Table 6. These results are summarized in
Table 7. As with the respirable dust levels, arichmecic mean toctal dust
levels are charted in Figures 4 and 5 by process area and job category

respectively.

After weighing, the total dust filters wvere ashed in acid and analyzed by
atomic absorption (3) to detect the amount of aluminum (AL), chromium (CR),
cobalt (CO), magnesium (MG), mangaoegse (MN), and nickel (NI) present., The
trace metal concentrations are reported in Table 8 as micrograms per cubic
meter of air (___ UGM3)., Once again, a value of "N" indicates that the
measured quantity was below the limit of detection. The limits of detection
for each element are listed in Table 1. Trace metal snalyses are summarized
in Table 9. The MEAN is the arithmetic mean of all the samples with
detectable levels of the particular elements. STD DEV is the standard
deviation of these samples and is an expression of the variability of the

elemental concentrations,



Area Total Dust Samples

Airborne "total” dust samples were collected at fixed locations throughout the
plant. These areas were selected based on how well they represented the work
station of the employees, These filters were alsc analyzed for amount of

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

The trace metal concentrations are reported in Table 10 as micrograms per
cubic meter of air (___pGMB). The JOB column defines the area in which the
sample was collected. The six trace metal concentrations are then given in
the next six columos. The results of the trace metal analysis of the area

total samples are summarized in Tabdle 1ll.

One area ssumple from each exposure category was analyzed for content of 28
metals, These samples were ashed using nitric and perchloric acids and the
residues disgolved in dilute nitri{c acid. The resulting solutions were
analyzed for trace metal content by inductively coupled plasma - atouwic
enission spectroscopy (ICP-AES). (4) The results of the analysis are reported
in Table 12, For this analysis technique, the lower limit of detection is 1.0

ug/filter for all elements,

Airborne Fiber Samples

Samples for airborne fibers and asbestos were collected on cellulose ester
filters. These samples are taken with the front of the filters completely

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



1.7 lpm, These filters are optically analyzed using a phase contrast
microscope. (5) 1I1f fibers were detected, they would have been analyzed by
polarized light and dispersion staining, and transmission electron microscopy

to determine whether they were asbestos fibers,

In this survey 26 samples were collected for fibers, These samples were
collected in the raw material crushing and milling areas, storage areas, kiln

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

filters,

Bulk Material Samples

Samples of raw material dust, clinker, finished product, and mixtures of dust
were collected for analysis. These samples were generally collected from dust
settled on ledges or objects several feet above the floor. For this reason,
it is suspected that these particles were at one time suspended in air before
coming to rest, These bulk material samples cannot, however, be considered
airborne samples. This material vas analyzed for content of quartz and
cristobalite by x=ray diffraction; aluminum, chromium, cobalt, magnesium,
manganese, and nickel content by atomic absorption; and asbestos content by

polarized light and dispersion staining mizroscopy.

The results of these analyses sre presented in Table 13. The AREA column
lists from what exposure category the sasples were taken, or whether the
material vas felt to be predominantly ravw material, clinker, finished Portland
cement, or a mixture of two or more types of dust. The results of analysis

are presented as percent by weight of materiazl, For example, if 11 of the raw
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material is quartz, there is 0,01 gram of quartz in each gram of raw
material. The value "N” indicates that the measured quantity was below the

analytical limit of detection.

Oxides of Sulfur Samples

Samples for sulfate and sulfite particulates and sulfur dioxide gas were
collected by drawing a known volume of air through a filter train counsisting
of tvo cellulose ester filters in series, Particulate matter, including
sulfates and sulfices, is collected on the first filter. Sulfur dioxide
passes through the first filter and i{s collected on the second filter which
has been impregnated with potassium hydroxide. (6) The filters were extracted
with deionized water and the extracts anaslyzed by ion-chromotography.

The results of the analysis are reported in Table 14. The JOB column lists
vhere the sample was collected. The 504 UGM3 and S03 _UGM3 columns give the
sulfate and sulfite particulate concentrations in micrograms per cubic meter,
and the S02_PPM column gives the sulfur dioxide concentrations in parts per
willion. The analytical limits of detection for these compounds are listed in

Table 1.

Nitrogen Dicxide Samples

Nitrogen dioxide sampling was done using paasive dosimeters for both area and
personal sampling. Full shift time-weighted average exposures wvere
determined. Dosimeters were constructed by cutting lengths of acrylic tubing
to give a length-to~area ratio of 10 to 1. Ome end of the tube was fizted

with a removable cap-plug and the other end was sealed with a cap containing
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the collection grids. These grids were coated with triethanclamine which
quantitatively absorbs Noz. During exposure, the cap-plug was removed and

the contaminant gas di{ffused to the collection grid according to Fick's Law of
Diffusion, After collection a sulfanilamide-phosphoric acid-NEDA solution was
added to the dosimeter, where a red color complex with NO2 was formed. The
solution was transferred to a spectrophotometer and the absorbtivity is
measured at 540 nm. This was compared against a standard curve to give

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

Conec, ppm = nanomoles N02

2.3 x (Hours of Exposure)

These samples were collected for periods between 6 and 8 hours. The
peasurements reflect the average concentration over this period. The results
of the analysis are presented {n Table 15, NRitrogen dioxide {s produced from
the combustion of organic compounds such as coal and diesel fuel, which

contain nitrogen.

Direct Readingilndicn:or Tubes for Toxic Gases

Draeger direct reading indicator tubes were used to sample for carbon monoxide
{CO), nitrogen dioxide (802). oxides of nitrogen (NOX), ammonia (NH3), and
hydrochloris acfd (HCl). Air is drawn through these tubes by a hand-held
bellows pump. These tubes contain reactive indicator asterials which change
color when they are exposed to specific gsses. The length of stain indicates

the concentration of gas present in the environment, On this survey, NIOSH
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Certified Detector Tubes were used. They are certified to produce results
vithin +25% of the-true concentration at levels between ome and five times the
TLV, and within +35X of one-half of the TLV., For purposes of this study, this
level of precision is adequate since a 25% varfation around a given exposure
level is not likely to produce significant differences in physiological

response, The results of the detector tube samples are ilisted in Table 16.

General Comments and Schedule

Control filters were collected on site during the survey. These filters
teceived treatment identical to dust laden filters, except no air was drawn
through the control filters. During each shift, each personal and area
sampler was periodically checked for proper operation, If the sampler was not
operating within specifications, sampler adjustments and appropriate notations

were wade and, 1f necessary, the results ©f such samples were voided.

The envirommental investigations team began sampling Monday, December 7,

1981. The wampling schedule was as follows:

Monday, December 7 2nd shife

Tuesday, December 8 1st shift

Wednesday, December 9 - lst shift

Thursday, December 10 lst shife

This schedule was used in order to adequately measure envirommental

concentraticn differences due to day-to-day and shift-to-shift variations.
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Plant areas and the vork force were separated inte four exposure categories

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

raw = exposure to raw materials dust
clinker - exposure to clinker dust
finish = exposure to finished Portland cement dust

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

Although these categories are gsomewvhat artificial, they are very important to
the designo of the study. Generally, the dust particles within a category area
aTe chemically and physically similar; however, between categories the dusts
are significantly different. The mix category serves to “catch” those jobs
such as laborers and repairmen who work throughout the plant or sre exposed to

moTe than one type of dust,

Discussions and Conclusions

This study is designed to determine {f the normal function of respiratory
tissue is impaired because of exposure to gases or particulates found in
Portland cement plants. Samples of airborue particulate were collected in
conjunction with a medical examination that included x-rays, spirometry tests,
and symptoms questionnaires. Respiratory problems associated with exposure to
airborne particulate are {nfluencd by four facters: (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
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The intent of the envirommental portion of the study is to determine the types

and concentration of airborne materials 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 employee medical data for
occupational health research. Air quality and physical agents in Portland
cement plants are currently regulated by Title 30, section 56.5 of the Mineral
Resources Code of Federal Regulations. The 1973 Threshold Limit Values,
(TLV's), adopted by the American Conference of Governmental Industrial
Bygienists, (ACGIH), are cited as the standards which airborne contaminants
are not allowed to exceed. In this report these standards serve only as
reference lavels in order for plant personnel to compare the environmental

conditions of their facility.

Personal Respirable and Total Dust Samples

Portland Cement is presently considered to be & "puisance™ dust, “"Nuisance”
particulates, by definition, have "little adverse effect on lungs and do not
produce significant organic disease or toxic effect when exposures are kept
under reasonable control, Generally, the lung-tissue reaction caused by

inhalation of nuisance dusts has the following characteristics:

1. The architecturs of the air spaces remains intact,
2. Collagen (scar tissue) is not formed to a significant exten:z.
3. The tissue reaction is potentially reversible.” (8)
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1f airborne particulates contain greater than 1% erystalline silica, then they
are no longer considered nuisance particulates; they are mineral dusts, The
MSHA standard for nuisance dusts is 10 milligrams per cublic meter of total

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

PEL = 10 mg/m3
"X respirable quartz + 2

where the "7 respirable quartz” {s the perceat by weight of quartz in each
sanmple, and "PEL" is the permissible exposure level, Therefore, each
respirable dust sample for mineral dust has an exposure limit based on its

content of quartz.

The emphasis of this survey was on respirable dust sampling. It is difficult
to compare respirable dust measurements to the currently employed MSHA
suisance dust standard vhich is based on total dust levels. We recommend
comparison of the respirable dust levels to the 5 ng/n3 TLV for respirable

nuisance dust recoumended by the ACGIH,.

Examining the personal respirable samples collected from the variocus jobs,
Table 2, eight samples exceeded 5 lg/m3. The powder limestone operator was
operating the lime mill aud loading transport trucks with lime. The kiln
helper was exposed to mineral dust and oot puisance dust because his sample
contained greater than 1% quartz (see Table 4), He had beeun working on a
choked air slide {n the rav feed silo. The finish dust collector, utilityman,
and mill operator were all cleaning up a large dust spill in the special

grinding area, and trying to get the mills operational. The clean-up worker
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in the finish area vas cleaning floors and equipment with compresed air at the
truck load silos. The vacuum truck driver was cleaning up spills in the
finish and raw silos. The welder was welding pipes in the finish product
siles. The weight on his sample may have been from heavy metal fume rather
than cement particles, For all workers the geometric mean respirable dust

level was 0.83 ng/m3.

Six personal total dust samples, Table 6, exceeded 10 ng/na. The rock
sorter was removing rocks by hand as they passed on & conveyor belt. The
finish mill operator was operating wills in the special grind area. The
packer was bagging cement and assisting other baggers. The electrician was
wvorking in many areas of the plant. The yard worker was collecting overflow
and waste material and hauling it to the waste lake., For all workersrthe

geometric mean total dust level was 4,62 ng/m3.

Because of the differences in worker duties and sctivities, some jobs
consistently encounter higher or lower dust levels than other jobs. BHowever,
withio a given job category, variability is often siight. Figures 3 and S
chart the means of the respirable and total dust measurements respectively,
for each job, Repairmen, powder limestone operators, laborers and
yardworkers, packhouseworkers, mill operators, kiln helpers, and electricians
had the highest dust exposures, Activities of these workers either generate
cousiderabls amouats of dust, or take them into areas of heavy dust exposure.
Most of the other jobs involve activities that do not generate much dust, or

the workers were isolated from the dust source by enclosures.
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Crystalline Silica

Quartz was detected in bulk samples of raw material from the primary and
secondary crushers (5,2-6,3X), raw mill area (8.1%), and raw storage silos
(12.53). Quartz is a common constituent of limestone, shale, clay, and sand,
but is rarely found in clinker or finished cement. As silicon dioxi{de passes
through the high kiln temperatures, it is transformed from free crystalline
forms into silicates. All vorkers associsted with rav materisl dusts are

potentially exposed to concentrations of quartz,

Respirable dust samples from 30 workers were analyzed for concentration of the
crystalline mineral types quartz and cristobalite. Eleven of the samples
contained detectable quantities of quartz. All of the workers had spent all
or part of their shift exposed to raw materials except the finish mill dust
collector and the packer. These two samples alsoc contained the lowest
percentages of quartz, The quarry laborer was cleaning up spills along the
crusher belts and in the rock storage areas. The crusher oiler was cleaning
and greasing the primary and secondary crushers. The frout end loader
operator was loading quarry trucks. The rock sorter was removing rocks from a
couveyor belt, The dust collector on December 9 was working on the raw silo
dust collection system. These five wvorkers had spent their entire shifr
expcsed to rav material dust., The kiln helpers spent part of their shifc at
the raw end of the kiln sand part at the clinker end. The worker with the
highest concentration of quartz (1380.4 ug/ua) vas 2 kiln helper vho was

working on a choked up air slide in the kiln feed silos. The mill helper was
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¢leaning and checking both the raw and finish mills. The dust collector on
December 1)) was working on the collection systems in several areas of the

plant.

There may be some variation in quartz concentration depending on the
composition of the rav materials that employees are working with, Also, the
mixing and grinding of various materials containing quartz will result in a
range of concentrations, Therefore, the free silica concentrations may vary
with area and time, The calculated percent of quartz con the respirable

filters (Table 4) have a range of 0.7 - 8.7%.

Table 5 lists the jobs with detectable levels of quartz, the perceant quartz by
veight in each sample, and the concentration of that dust allowed by MSHA.

All of the samples exceed the permissible exposure limit. Pour of the eleven
samples with detectable levels of quartz contained concentrations greater than
100 ug/nB. Exposures below this level have been suggested in past research

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

Trace Metals

The personal total dust samples wers analyzed for the six trace metals:
aluminum, chromium, cobalt, magnesium, manganese, and nickel, PFrom the
personal saazples, none of the metals were found in concentraticns greater than
the MSHA permissible exposure levels or the ACGIH recommended TLV's, Area
total dust samples were collected throughout the plant and analyszed for the

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



19

locations representative of work areas, these stationary samples should not be
considered estimates of personal exposure, Theilr purpose is to document the
presence of these metals in airborne partiéula:es and their relative
concentrations., Aluminum and magnesfum are commonly found in the dust
particles. Manganese, chromium, cobalt, and nickel are occasionally found.
Aluminum is present in the greatest concentration, followed by magnesium., Raw
‘material, clinker, and finished cement dust all contain aluminum and
magnesium. Variation in the presence of metals and their concentration may be
caused by differences in milling or processing. We chose to measure these six
metals because nickel and chromium are suspected carcinogens, and aluminum,
pagnesium, manganese, and cobalt are suspected pneumoconiosis or bronchitis
producing agents. There are no past studies to indicate that these elements
will cause any disease in the form or concentrations found in a cement plant,
This study will look for correlations between respiratory health problems and

exposures to these elements,

The four ssmples analyzed by ICP-AES were also for purposes of documenting the
presence of these metals {n airborne particulates and their relative
concentrations, The metals primarily found in all the dust types are:

aluminum, calcium, iron, magnesium, sodium, and titanium.

Asbestos
In this survey we found no asbestos present in the raw materials, NIOSH has
surveyed quarries and rav materials associated with cement plants, as well as

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



20

surveys, Jt is possible that quarried rock may be contaminated with asbestos
fibers due to the occurrence of small deposits of asbestos-bearing rock in the
overburden or the quarried strata, If this occurs at all, we expect it to be

extremely rare.

Oxides of Sulfur

Sulfur dioxide concentrations of 0.0l ppm were found at the back end of the
kila. These levels are below the ACGIE TLV of 2 ppm, and MSHA PEL of 5 ppm.
These measurements show however that exposure to sulfur dioxide does occur.
Only one sample detected sulfate particulates at the back end of the kiln.
Exposures to greater concentrations may occur because of breskdowns or
breaches in the kiln exhaust system, Alsc, 1if the sulfur content of the kiln
fuel i{ocreases, more sulfur dioxide may be produced. Sulfate particulates
have not besn documented to cause irritation or chronic disease, BHowever,
there {8 strong evidence that serosols of these water soluble salts catalyze
the coaversion of sulfur dioxide to sulfuric acid, thus potentiating the
irricant and reflex bronchoconstrictive effects of sulfur dioxide. (14)
Nevertheles#, workers should not axperience irritation or respiratory changes
attributable to 502 or sulfates at levels detected at California Cement.

(1,12,13)

Nitrogen Ploxide

Nitrogen dicoxide is a reddish-brown gas vhich is a common contaminant in the

exhaust of iaternal combustion engines. It is an {irritant to the mucous
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menbranes and i{ts inhalation may cause coughing, sometimes severe, which may

be accompanied by mild or transient headache, (22)

Based on animal studies, a ceilling limit (the concentrations, not to be
exceeded even instantanecusly) of 5 ppm has been recommended., (23) This level
was considered sufficiently low to insure against immediate injury or adverse
physiologic effects from prolonged daily exposures, The present federal
standard (MSHA and OSHA) for nitrogen dioxide {s 5 ppm as an 8-hour
time-weighted average (TWA). (24) This was based upon the ACGIH TLV except
that the ceiling designation was omitted. (27) A number of human experiments
and animal studies suggest that humans with normal respiratory function may be
affected by exposure at or below this level and that the conditions of workers
with disease such as bronchitis may be aggravated by such exposures.
(25,26,27,28) NIOSE recommends a ceiling of 1 ppm to protect workers with
pre-existing chronic broochitis. ACGIH msintains a STEL of 5 ppm and a TWA of

3 ppum.

All of the 34 samples taken at California Cement were below the recommended

standard.

Toxic Gases
Carbon monoxide and oxides of nitrogen were detected in areas where diesel and
gascline powered forklifts and trucks were being operated (see Table 16),

Carbon monoxide and oxides of nitrogen are common contaminants i{n exhaust
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gases from the burning of foasil fuels, Portland cement plants have several
areas which may be contaminated with these exhaust gases. It Is possible that
vhen diesel or gasoline powered engines are run in enclosed spaces, excessive
levels of carbon monxide and oxides of nitrogen may build up, The MSHA PEL
for carbon monoxide and nitrogen dioxide are 50 and 5 ppm, respectively for an

8-hour time-~weighted average.

Samples for hydrochloric acid and ammouia in the laboratory indicate that
workers are exposed to these two gases during wet chemical analyses of
minerals, The wet chemical tests are generally run only once and seldou more
than twice per shift, These gases weres detected for no more than four or five
minutes during a portion of the laboratory procedure. The MSHA PEL for
hydrochloric acid and ammonia are 5 and 25 pppm for an 8-hour tipe-weighted

average.

Background Samples

Samples placed upwind of the cement plant exhibit very low levels of dust. No
trace metals, asbestos, or crystalline silica were detected on these
background samples. The background respirable and total dust levels may
fluctuate with changes in atmospheric conditions. These dust levels represent
the dust exposures people Would experience by just being in the community.

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

measured plant concentrations. This would give values which represent the
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additional dust burden attributed to the operation of this plant. Tables 2
and 3 list the background respirable dust levels and their descriptive

statistics.

Conclusion

The respirable and total dust levels for most jobs at the California Cement
Plant in Coltom, California are below recommended exposure levels. Eight
respirable dust samples exceeded the ACGIE recommended level for respirable
nuisance particulate., Six total dust samples exceeded the 10 mg/m3 MSHA
standard for nuisance dust. Eleven respirable dust samples contained
detectable levels of quartz, All of these samples exceeded the MSHA-PEL for
respirable tquartz, Of the dust contaminasnts measured, only quartz is
considered %o be present in excessive conceatrations. Exposure to quartz
occurs primarily in association with the raw materials. Protective measures

should be tuken,

Recommendations

Engineering controls are the most effective means of reducing worker exposure
to airborne dust. These controls should be maintained in efficient working
order, Ventilation design to remove the dust from the air once it is
generated ard separation from the dust by enclosing either the worker or the

dust are effective means of control. The priority for implementing dust
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control measures should begin with areas of highest exposure. You can use

Figures 3 through 5 to identify the jobs and areas with the highest exposures,

Workers with the highest dust exposures were generally involved in maintenance
and clean—-up operations. Since it is difficult to control dust exposures

during these operations, personal respirators may need to be provided,

During clean-up operations, workers often use compressed air to "blow down”
the work areas and themselves. This process resuspends a great deal of dust,

Substitution with a vacuum system would eliminate this problem,

Although engineering controls are the recommended course of action, personal
protective equipment (respirators and goggles) may be used by workers whenever
engineering controls are not available or during maintenance, repair, and
¢lean-up operations. The disposable paper or cloth respirators do not form an
occlusive seal between the respirator and the face. Dust particles would be
able to pass through leaks between the respirator and the face. Whenever
vorkers are potentially exposed to excessive quartz concentrations, quarter or
half mask dust-fume-mist respirators should be used. The disposable
respirators will, hovever, provide some protectiocn to workers exposed to
nuisance particulates, If workers complain of eye irritation, full-face pilece
respirators may be used instead of half or quarter mask respirators 2o
alleviste the problems. It is suggested that workers be involved in the
selection of a comfortable NIOSH/MSHA approved dust-fume-mist respirator and

be fit-tested to ensure that they are adequately protected.
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To reduce the emission of carbon monoxide or nitrogen oxides from engine
exhaust, engines should be shut off or parked outside when not {n use. During
the loading of bulk material trucks, engines should be shut off to avoid a
build-up of gases in the scalehcuse, Incressed general room ventilation imo

the palletizing building would also reduce exhaust gas concentraticas.

The corrective actions recoumended should be viewed as scientific guidance.
There 1is no legal requirement that you implement any of these recommendations,
and no assurance that these actions, if implemented, would be sufficient to
prevent future citations for non-compliance. Nevertheless, it is anticipated
that implementation of the recommendations listed in this report will reduce
airborne dus: levels at this facility, and improve the envirommental

conditions of the workplace.
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Number of Samples With Detectable Levels of Contaminants

Contaminant
Respirable dust
Total dust
Quartz
Cristobalite
Alumigum
Chromium
Cobalt
Magnesium
Manganese
Nickel
Asbestos
Sulfate
Sulfite

Sulfur dioxide

Nitrgen dioxide

# Samples

71
15
30
io
33
33
33
33
33
33
26

34

# Samples with Limit of
Detectable Conc, Detection
71 0.01 mg
15 0.01 mg
11 0.03 mg
0 0.03 =g
25 0.20 mg
4 0.004 mg
4 0.005 mg
32 0.002 mg
19 0.002 mg
4 0.004 mg
0 4500 fibers
1 0.005 mg
0 0.01 ug
2 0.005 mg
33 0.02 ppm



Table 2

ENVIRONMENTAL INVESTIGATIONS BRAMCH
CEMENT WORKERS MORBIDITY STUDY
CALIFORNIA CEHEWT COLTON, CALIFORMIA
PERSONAL RESPIRABLE DUST CONCENTRATIONS, HG/M3

GROUPED BY EXPOSURE AREA

AREA=BACKGROUND ---

Joe DATE SHIFTY DUSTHGME
BACKGROUND 07DECS] 2 0.21
BACKGROUND OBDECS1 1 0.01
BACKGROUND 0S0ECS81 1 o.n
BACKGROUND 100ECH1 1 0.01
—— AREA=RAN
JoB DATE SHIFTY DUSTHGH3
POMDER LINESTOHE OPER 070ECAL 4 2,45
RAYMOND HILLER 08DECS] 1 2.52
LABORER (QUARRY) 08DECAL b 3.02
TRUCK DRIVER (LIME PLANT) 08DECH1 1 0.91
DRILLER 08DECSH1 1 0.38
PRIHARY CRUSHER OPERATOR 08DECAL 1 0.30
FROMY END LOADER 08DECA1 ) | 0.02
QUARRY TRUCK DRIVER OQ8DECS1 1 0.42
BAGGING (LIME) 09DEC81 1 0.73
HATER TRUCK OPERATOR 09DECSL 1 0.43
BAGGING (LIHE} 090ECS81 1 1.20
POWNDER LIHESTOHE OPER 09DECHL 1 7.41
QUARRY TJRUCK DRIVER 1oDECel 1 ¢.36
DRILLER 10DECHL 1 0.23
FRONT END LOADER l10DECH1 1 0.73
FRONT END LOADER 10DECS1 1 1.68
OILLER (SHOVEL} 10DEC81 1 2.40
ROCK SORTER (LIHE PLANT) 10DECS1 1 3.08
—— - AREA=CLINKER
Jos DATE SHIFT DUSTHGH3
KILN HELPER o7DECsl 4 2.39
KILH HELPER 0BDECS1 1 18.85
KILN BURHER G8DECB] 1 0.33
KILH HELPER 09DECS] 1 9.76
CRANE OPER (CLINKER) 100ECH1 1 0.36
KILK HELPER 100ECBL 1 1.5%

XA



ENVIROMHENTAL INVESTIGATIONS BRANCH
Table 2 CEMENY WORKERS MORBIDITY STUDY
CALIFORNIA CEHENT COLTON, CALIFORMIA
PERSONAL RESPIRABLE DUST CONCENTRATIONS, HG/H3
GROUPED BY EXPOSURE AREA

............. - AREA=FINISH - - -
JoB DATE SHIFVY DUSTHGH3
PACKER 07DECS] 4 3.60
HAINTENARCE (FINISH) 07DECS] 2 1.05
FORKLIFY OPERATOR (FIMNISH) Q7DECAL 2 0.54
PACKER 070EC8] 2 1.03
UTILIVHAN (FINISH) O07DECSE] 2 2.06
DUST COLLECTOR (FINISH) 07DECS] 2 6.60
UVILIVHAN (FINISH) 070£C81 2 6.19
HILL OPERATOR (FIMISH) 07DECS] 2 6.08
CLEAN UP 07DECS] 2 13.70
SCALEHOUSE CLERK O7DECB] 2 9.15
UTILIVYHAN (FINISH) 080ECSHL 1 1.31
FINISH HILL HELPER 06DECH] 1 3.19
UFILITMAN (FINISH) ssDECEl 1 0.01
CLEAN UP 06DECB) 1 0.03
BULK LOADER 09DECSL 1 0.45
PACKER 09DECS] 1 2.23
FORKLIFT OPERATOR (FINISH) 09DECE1 1 0.41
FORKLIFT OPERATOR (FINISH) 10DECS1 1 0.71

- AREA=MIX ———
JOoB DATE SHIFT DUSTHGH3
LADORER O7DECH1 2 .13
HOBILE EQUIPMENT OPER (PLANTI 07DECAL 2 0.55
REPAIRMAN 07DECSHL 2 8.38
NILL HELPER (MIX) Q7DECSL 4 1.77
FRONT END LOADER (YARD) 07DECSBL 2 0.30
CONSOLE OPERATOR 07DECS) 2 0.92
HACHINIST O7DECS1 2 .27
HIX CHEHIST 07DECAL 2 0.09
LABORATORY WORKER 08DECS1 1 0.33
REPAIRMAN 08DECSHL 1 0.01
OJLER (GENERAL} 08DECAL 1 6.10
VACIARt TRUCK DRIVER 0BDECSBL 1 7.86
LABORATORY WORKER 09DECH1 1 0.2%
YARD HORKERS 09DECSL 1 0.28
LABORER O9DECS] 1 2.13
STOREROOM SUPERINTENDENT 09DECHL 1 0.44
HACHINIST 0%0ECHL 1 0.58
CARPENTER 09SDECAL 1 0.32
VACUUH TRUCK DRIVER 09DECAL 1 3.09
DUST COLLECTOR 09DECSL 1 2.67
LABORER 100€ECH1L 1 %.74
DUST COLLECYOR 10DECS1 1 1.51
OILER (GENERAL) 10DECAL 1 0.52
JAHITOR 10DECH1 1 0.32
LABORER 10DEC8L | 2.al
ELECTRICIAN 10DECH] 1 0.860

Q¢



Table 2

ENVIROMHENTAL INVESTIGATIONIS BRANCH
CEMENT WORKERS MORBIDITY STUDY
CALIFORNIA CEMENY COLYON, CALIFORHIA
PERSOMAL RESPIRABLE DUST COMCENTRATIONS, MG/H3
GROUPED BY EXPOSURE AREA

-- AREA=MIX ----
Jos DATE SHIFT  DUSTHMGH3
MELDER 100EC81 1 5.97
YARD HORKERS 10DEC81 1 0.53
HAINTEMANCE SHOP  10DECSL 1 0.57

1¢



ENVIRONHMENTAL INVESTIGATIONS BRANCH
Table 3 CEHENT HORKERS HORBIDITY STUDY
CALIFORNIA CEMENT COLTON, CALIFORNIA
PERSONAL RESPIRABLE DUSY CONCENTRATIONS, MG/M3

AREA SAHPLES MEAN sST0 6 GSD HLOD HIN HAX
BACKGROUND 4 0.06 0.190 0.02 4.62 0 0.01 0.21
RAH 18 1.57 1.78 0.84 3.74 0 0.02 7.41
CULINKER 6 4,04 7.30 1.35% 4.52 0 0.33 18.85
FINISH 18 2.74 3.50 0.99 6.50 0 0.01 13.70
HIX 29 1.51 1.9% 0.67 4.19 0 0.01 7.86
PLANTHIDE n 2.05 3.11 0.83 4.57 (] 0.01 18.85

it



ENVIROMMENTAL INVESTIGATIONS BRANCH
Figure Y CEMENT WORKERS MORBIDITY STUDY
CALIFORNIA CENMENY COLTON, CALIFORNIA
PERSONAL RESPIRABLE DUST CONCENTRATIONS, MG/M3
ARTTHMETIC MEAN VALUES BY AREA
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COLYON, CALIFORNIA

CEHENT HORKERS HORBIDITY STUDY

CALIFORNIA CEMENT
PERSONAL RESPIRABLE DUST CONCENTRATIONS, MG/M3

ENVIRONMENTAL INVESTIGATIONS BRAMCH

ARTTHHETIC HMEAN VALUES BY JOB CATEGORY

Figure 3
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Table 4

ENVIROMHENTAL THVESTIGATIONS BRANCH
CEMENT WORKERS HORBIDITY STUDY
CALIFORMIA CENENT COLTON, CALIFORNIA
QUARTZ CONCENTRATION OF PERSOMAL RESPIRABLE DUST SAMPLES
QUARTZ CONCENTRATION IM HICROGRAMS PER CUBIC HETER {UG/H3)

JoB BATE SHIFY PCY_S102 QUARTZ
POWDER LIMESTONE OPER 070ECS] z H H
RAYHOMND MILER s8Giis:i i W "
TRUCK DRIVER (LIt PLANT) 080ECAL 1 N N
LABORER (QUARRY) osoECel 1 a.7 262.30
POLDER LIHESTONE OPER 09nECal 1 L N
BAGGING (LINE) 090ECS81 1 N N
OILER (SHOVEL) 10DECA] 1 2.4 58.29
FRONT EHD LOADER 100ECa1 1 5.1 86.02
ROCK SORTER C(LIME PLANT) 10DECA1 1 1.5 44.83
KILN HELPER 070ECA1 [ 4 3.3 79.08
KILN HELPER 0BOECAL 1 7.3 1380.4
UTILIVHAH {FINISH) 070ECSL 2 N N
HILL GPERATOR (FINISH? 070ECAL 2 N N
DUST COLLECTOR (FIHISH) 070ECS] 2 8.7 46.90
PACKER o7DECal 2 1.8 65.72
UTILIYHAN {FINISH) 07DECS1 2 H N
CLEAN UP 07DECBY t 4 ) N
UTILIVMAN (FINISH) 080ECHL 1 N N
FINISH MILL HELPER 080ECS1 1 H N
HACHINIST 070EC3B1 4 N N
HILL HELPER (MIX) 070ECS] z 4.9 86.48
FRONT END LOADER (YARD) 07DECAX ] H N
VACUUM TRUCK DRIVER oabECal ) | N N
VACUUM TRUCK DRIVER 090ECS1 1 N N
LABORER 090ECaL 1 N N
OUST COLLECTOR 09DECS1 1 5.0 13%.58
DUST COLLECTOR 10DECA1 1 6.2 146.9%
HELDER 10DECAl 1 H N
LABORER 100ECal 1 H N
LABORER 100£CS1 1 N N

AREA
RAH

RAW
RAH
RAH
RAW
RAH
RAW
RAW
RAW
CLINKER
CLINKER
FINISH
FINISH
FINISH
FINISH
FINISH
FINISH
FINISH
FINISH
HIX
HIX
HIX
HIX
HIX
HIX
nIx
HIX
HIX
HIX
HIX

¢t



Environmental Investigations Branch

Table 5

Industrial Hygiene Survey of Cement Workers
California Cement, Colton, California

386

Detectable Quartz Compared to MSHA Permissible Exposure Levels

Job

Laborer (quarry)

Oiler (shovel)

Frout end loader

Rocksorter

Kila helper

Kiln helper

Dust collector
(finish)

Packer

Mill helper

Dust collector

Dust collec:or

Levels of Dust Conc.

Mg /m3

3.02%
2.40%
1.68%
3.08%*
2,39*
18.85*

6.6*
3.6%
1.77#
2,67%
3.51*

Quartz Conc.

I Quartz ug/m’
8.7 262,3
2.4 58.29
5.1 86.02
1.5 44 .83
3.3 79,08
7.3 1380.4
0.7 46.09
1.8 65,72
4.9 86.48
5.0 133,58
6.2 146,94

*Indicates measured concentration exceeds the MSHA Permissible Exposure Limict.



ENVIRONMENTAL INVESTIGATIONS BRANCH
Table 6 CEHENT WORKERS HORBIDITY STUDY
CALIFORHIA CEMENT COLTOH, CALIFORNIA
PERSONAL TOTAL DUST CONCENTRATIONS, HG/M3
GROUPED BY EXPOSURE AREA

AREATBACKGROUND === merr e c s e e e e e e s e — e —_——————————

JoB DATE SHIFT DUSTHGH3
BACKGROUND 0BDECH) 1 0.00
BACKGROWMND 09DECB1 1 0.19
BACKGROUND 10DECSHY 1 0.21

—— AREA=RAH
JOoo DATE SHIFT DUSTHGM3
LABORER (RAW) 08sDECS] 1 1.60
ROCK SORTER C(LIME PLANT) 980DECH1 1 13.90
BLASTER 10DECA1 ) | 4.28
QUARRY TRICK DRIVER 100€C81 1 1.49
AREASCLINKER == om0
Jos OATE SHIFT  DUSTMGH3
KILN HELPER  0SDELE1 1 27.03
AREA=FINISH ———
Jos DATE SHIFT  DUSTMGN3
MILL OPERATOR (FINISH)  08DECAL 1 13.50
PACKER 090ECH] 1 26.56
-- - AREA=MIX
Jo8 DATE SHIFT  DUSTMGHS
ELECTRICIAN 08DECB] ) 1 10.12
YARD WORKERS 08DECB1 1 20.36
HELDER 0ADECH]L 1 3.83
FRONT END LOADER (YARD) 09DECH] 1 $.01
LABORER 09DECA] 1 %.32
OILER (GEMERAL) 0SDECS1 1 2.07
HELDER 10D0ECAY 1 0.02
LABORER 10DECB1 1 8.72

LE



Table 7

AREA

BACKGROUND
RAR
CLINKER
FINISH
HIX
PLANTHIDE

CALIFORNIA CEMENT

SAHPLES

Vo=,

HEAN

0.13
5.32
27.03
20.03
6.91
9.57

370

0.12
5.87

9.23
6.30
8.94%

ENVIRONMENTAL TNVESTIGATIONS BRANCH
CEHENT WORKERS HORBIDITY STUDY

COLTON, CALIFORNIA
PERSONAL TOTAL DUST CONCENTRATIONS, HG/MH3

0.07
3.45
27.03
18.93
3.02
4.62

65D

5.64
2.85

1.6
9.07
6.18

NLOD

HIN

0.00
1.49
27.03
13.50
0.02
0.02

HAX

0.21
13.90
27.03
26.56
20.36
27.03

BE



Figure 4

ENVIRONMENTAL IHVESTIGATIONS BRANCH
CEHENT WORKERS HORBIDITY STUDY

CALTFORNIA CEMENY

COLYOM, CALIFORMIA

PERSONAL TOTAL DUST COHCEHTRATIONS, HG/M3
ARITHHETIC MEAH VALUES BY AREA

BAR CHART OF HEANS
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Figure 5

DUSTHGH3 HEAN
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ENVIRONHENTAL INVESTIGATIONS BRANCH
Table 8 CEMENT WORKERS MORBIDITY STUDY
CALIFORNIA CEMENY COLTON. CALIFORNIA
TRACE HETAL COHCENTRATIONS OF PERSOHAL TOTAL DUST SAHPLES
CONCENTRATIONS TH MICROGRAMS PER CUBIC METER (UG/M3)

AREA DATE SHIFT Joe AL_UGHM3 CR_UGH3 CO_UGH3 HG_UGH3 MH_UGH3 NI_UGH3
RAW 08DECHL 1 LABORER (RAW) 15 L N 8 L N
RaN GBOETSR i WOUK SONVER i LIME PLANT) 26 N N 90 N N
RAW 10DECHL 1 QUARRY TRUCK DRIVER 16 N H 10 N N
CLINKER 09DECAL 1 KILNH HELPER 367 N N 153 1n N
FINISH 03DECSE]L 1 NILL OPERATOR (FINISH) 150 L L 115 L L
FINISH 090ECO1 1 PACKER 346 N N 314 9 N
HIX 08DECOL 1 ELECTRICIAN 108 N H 84 3 L
HIX 08DECAL 1 HELDER 149 N N 16 34 N
Hix 08DECSL 1 YARD WORKERS 17% H N 148 & N
HIX Q9DECSEL 1 LABORER 49 N N 4l 2 N
nix 09DECHL 1 OILER (GEHERALY N N N 19 N N
HIX 09DECHL  } FRONT END LOADER (YARD) 35 N ] 25 1 4
HIX 10DECOL 1 HELDER 32 5 N 21 32 L
HIX 10DECO1 1 LABORER 37 N N 30 N N

19



Metal
Aluninum
Chromium
Cobalt
Magnesium
Mapganese

Nickel

42

Table S
Environmental Investigations Braach

Industrial Hygiene Survey of Cement Workers
California Cement, Colton, Califorania

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

N Means Std.dev. Minimun Maximum
13 116 120,59 14 367

1 5 -— 5 5

1 6 - 6 6
14 91 111.66 8 353

9 11 12.87 1 34

1 4 - 4 4



ENVIRONHENTAL INVESTIGATIONS BRANCH
CEMENT WORKERS MORBIDITY STUDY
Table 10 CALTFORNIA CEMENT COLTON, CALIFORNIA
TRACE METAL CONCENTRATIONS OF AREA TOTAL OUST SAMPLES
CONCENTRATIONS IN MICROGRAMS PER CUBIC METER (UG/M3)

AREA DATE SHIFT JoB AL_UGH3 CR_UGHS CO_tGH3 HG_UGH3 w_UGH3 NI_UGH3
BACKGROUMD 08DECHL 1 BACKGROUND H N L H H L
BACKENMAD georLel H SATKGROUNG N N N 3 N N
BACKGROUMHD 100ECH) 1 BACKGROUD N H N 2 L L
RAH 070DECSHL 4 RAM HILLS 227 N N 240 11 N
RAW G80ECaL 1 LINE PLANT 197 12 40 2477 27 45
RAM 08DECH) 1 PRIMARY CRUSHER H L N 39 N N
RAH 090ECHs) 1 SHAKERS/BELY TRANSFER 4 H H 213 H N
RAN 100ECAL 1 ROCK SORTING N H N 18 N L]
RAK 100kCal 1 RAM STORAGE 367 H H 1364 16 N
RAH 10DECH1 1 SECONDARY CRUSHER 608 N 7 1767 23 7
CLINKER 070ECA]L 4 CRANE (OVER SILOS) 119 N N 23 9 H
CLINKER Q7DECH1 4 CLINKER COOLER 592 5 N 473 17 N
CLIMNKER 090ECHL 1 CLINKER COOLER 318 N N 277 9 N
FINISH 070£CA1 2 BAGGING 93 N N sl N H
FINISH Q8DECHL 1 FIMISH BALL HILLS 103 H N 212 6 H
FINISH 09DECH] 1 FINISH BALL MILLS 1562 16 13 1562 lo08 14
FIMNISH 09DECBL 1 BULK LOADING SILOS N N N 10 N H
FINISH 10DECHL 1 FINISH BALL MILLS 1242 N N 874 3o N
HIX QBDECAL 1 HAINTENANCE SHOP N N N 5 H H

1]



Table 11
Environmental Investigations Branch

Industrial Hygiene Survey of Cement Workers
California Cement, Colton, California

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

Metal N Means Std. Dev. Minimum Maximum
Aluminum 12 509 454 .01 41 1562
Chromium 3 11 5.31 3 16
Cobalt 3 20 17.44 7 40
Magnesium 18 548 747.36 2 2477
Manganese 10 26 30.01 6 108

Nickel 3 22 19.94 7 45
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Table 12
Environmental Investigations Branch

Industrial Bygiene Survey of Cement Workers
California Cement, Colton, California

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

Exposure Categories

Mill Rm, Clinker-Cooler Bagging Finish & Clinker
Metals Grey Plant Grey White Plant Cooler White Plant
Aluminum 125.4 714 .3 264.5 115.5
Caleium 3207.9 15473.2 5932.1 7011.1
Iron 157.% 822,7 311.0 291.9
Magnesium 108.6 527.3 203.7 187.8
Manganese N 16.8 6.3 7.3
Sodium 21.8 68,4 33.4 4.73
Phosphorus N 6.0 N 0.6
Titanium 10.0 34,1 13.2 6.2
Zine N N 5.26 3.0

The following elements were analyzed for, but were less than 0.5 ug/filter in all
sanples: alliver, arsenic, beryllium, cadmium, chromium, cobalt, copper, lead,
lithium, molybdenum, nickel, platinum, selenium, tellurium, thallium, tin,
vanadium, yetrium, zirconium.



ENVIROMMENTAL INVESTIGATIONS BRANCH

CEHENT HORKERS HORBIDITY STUDY
Table 13 CALYFORNIA CEMENT COLTON, CALIFORNIA
AHALYSIS OF BULK HATERIAL PRESENTED A3 PERCENT BY WEIGHT
AREA Jos QUARTZ CRISTB AL CR co He HH NI ASBEST
RAH RAM MATERIAL 12.5 N 0.52 N N 9.9 0.04 H 0.0
RAH RAW HATERIAL N N 0.87 N L 0.9% 0.93 N 0.0
RAW HAW ATERIAL a.1 N 1.20 N N 0.93 0.04 N 0.0
RaW RAW HATERIAL N N 0.726 N N 0.90 0.02 N 0.0
RAW RAK MATERIAL 6.3 N 1.40 H N 0.79 0.04 N 0.0
RAN RAW MATERIAL 5.2 L 0.50 L L 1.10 0.03 N 0.0
RAH RAH HATERIAL N H 0.10 N N 0.93 0.01 L 0.6
RAW RANH PATERTIAYL H H 0.97 H H 1.20 0.0% L 0.0
RAW RAM MATERIAL H N N N N 0.97 0.01 N 0.0
RAN RAN HATERIAL N H 0.19 N N 0.37 0.02 N 0.0
CLINKER CLINKER L N 1.80 L H 1.50 0.05 H 6.0
CLINKER CLINKER N N 1.60 ] H 1.60 0.05 N 0.0
CLINKER CLINKER N N t.10 H N 1.60 0.05 N 0.0
FINISH FIMISH H H 2.00 H H 1.80 8.04 H 0.0
FINISH FINISH N N 2.00 N N 1.70 0.06 N 0.0
FINISH FIHISH N H 2.10 H 9.03 1.50 9.06 H 0.0
FINISH FINISH L N .00 N N 1.60 0.07 N 0.0
FINISH FINISH H N 1.90 H H 1.70 0.06 N 0.0
HIX CLINKER FINISH N L 2.00 N N 1.70 0.07 N 0.0
Hix CLINKER FINISH o H z2.00 H H 1.60 0.06 H 8.0
HIX CLINKER FINISH N N 1.80 N N 1.60 0.06 N 8.0
HIX CLINKER FINISH H N 2.10 N N 1.70 0.05 N 6.0
Hix CLINKER FINISH N H 1.90 N N 1.70 0.07 N 0.0

9%



Table 14

JoB

BACK END OF KIWN
BACK END OF KILN
BACK END OF KIIN

ENVIRONHENTAL IMVESTIGATIONS BRANCH
CEMENT WORKERS HORBIDITY STUOY
CALIFORNIA CEMENY COLTOH, CALIFORNIA
SO0X CONCENTRATIONS

DATE SHIFT  AREA  SO4_UGH3  S03_UeH3
07DECS1 2 RAH N N
07DECS1 2 RAN N N
100ECA1 1 oau 12.29 N

[ X -4
o e
3

Ly



ENVIROMMENTAL IHVESTIGATIONS BRANCH

CEMENT WORKERS MORBIDITY STUDY
Table 15 CALIFORNIA CEMENT COLTON, CALIFORNIA
HOZ CONCENTRATIONS INH PPH

JoB DATE SHIFT AREA
BACKGROUND 08DECA1 1 BACKGROUND
BACKEROD 09DEC8L 1 BACKGROUND
BACKGCROLAN 10DECAL 2 SACKCROWNG
LABORER (QUARRY) 08DECAL 1 RAM
TRUCK DRIVER (LIME PLANT) 08DECB] 3 RAN
ORILLER 0BDECSBL 1 RAW
PRIHARY CRUSHER OPERATOR 08DECSL 1 RAW
FRONT END LOADER 08DEC8L 1 RAW
QUARRY TRUCK DRIVER 080ECA1 1 RAH
HATER TRUCK OPERATOR 09DELCAL 1 RAU
BAGGING (LIME) 090ECBL 1 RAM
POWDER LIMESTONE OPER 09DECAL 1 RAH
QUARRY TRUCK DRIVER 10DECS1 1 RAW
DRILLER 100£C81 1 RAW
FRONT END LOADER 10DECS1 1 RAU
FRONT END LOADER 10DECS1L ) } RAM
OILER (SHOVEL) 10DECSH] 1 RAH
KILN HELPER 08DECS1 1 CLINKER
KILN HELPER 09DECHL 1 CLINKER
UTILITHAN (FINISH) 98DECAL 1 FINISH
CLEAN UP 08DECH]1 1 FINISH
BULK LOADER 050KL81 1 FINISH
PACKER s9I0ECHl 1 FINISH
FORKLIFT OPERATOR (FINISH) 090ECeL 1 FINISH
FORKLIFT OPERATOR (FINISH) 10DECSH] 1 FINISH
REPAIRHMAN 08DECS] 1 HIX
OILER (GENERAL) 08DECHL 1 HIX
VACULRM TRUCK DRIVER 0BDECS] 1 HIX
YARD WORKERS 090EC81 1 HIX
YACRM TRUCK DRIVER 09DECB1 1 HIX
DUST COLLECTOR 0SDECS] 1 HIX
DUSY COLLECTOR 10BECSL 1 HIX
OILER (GENERAL) 10DECS] 1 HIX
MELDER 10DECB1 1 HIX
BULX LOADING SILDS 08DECA1 1 FINISH
BULK LOAD SCALEHOUSE 0BDECSL 1 FINISH
HAINTENANCE SHOP 10DECSB] 1 HIX
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Table 16

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers
California Cement, Coltom, Califormia

Direct Reading Indicator Tube Concentratioms in
Parts Per Million (PPM)

Date Area Cco NOx No2
Dec. 8 Bulk load platform for ND ND ND
transport trucks ND 0.5 ND
ND ND ND
Parking area =forklifts ND ND ND
are operating 5.0 4.0 2.0
ND 2.0 0.5
Around raw mill dryers ND ND ND
ND ND ND
Primary crusher ND ND ND
trucks dumping KD ND ND
Lime bagging area ND 0.5 ND
forklifts operating ND ND ND
Dec. 9 Bulk load platform for 6.0 2.0 0.2
transport trucks (3
trucks being laoded)
Dec. 10 Raw uwill dryers Trace
Inside quarry truck 2.5 0.25 0.25
during loading and 0.5 0.25
dumping cycle 5.0 0,25 0.25
2.5 0.25
HC1 NH3

Dee. 10 In lab when
cheaist doing wet 1.0 5=15
chemical analysis 2.0 20-25
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Physiological Response

The main function of the lungs 1is to keep the oxygen and carbon dioxide
content of the arterial blood within a certain narrow range. In order to
accomplish this, the lungs must bring the blood in contact with the air. The
lungs are veantilated by a bellows action, when the chest cavity is expanded by
the contraction of the diaphragm. This creates a negative pressure in the

lungs causing air to rush in.

When a person breathes, air {s drawn through the nose i{into the nasopharynx and
trachea. From there it reaches the alveoli or area of gas exchange through a
system of ducts: the bronchi, respiratory bronchioles, and the terminal
bronchioles, It i{s in the alveoli where the blood is oxygenated and carbon
dioxide diffuses into the lungs to be excreted. Deposition of airborane
particles occurs as a consequence of several different physical procesases, Of
primary concern are sedimentation, inertial impaction, and diffusion,
Sedimentation is simply the settling out of particles onto respiratory tissue
under the influence of gravity. Inertial impaction occurs when the momentum
of particley being carried along in an air current carries them along their
original path when the air current changes direction. The particles may then
be deposited on the surface of respiratory tissue. Besides sedimentation and
impaction, very small particles are affected by diffusion. Since movement of
szall particles in air is completely random, those that are in close proximity

to the alveolar wall are likely to collide with it and hence be deposited, (15)



In order to remove particles from the respiratory system, tvc sepaTate
mechanisms are present. Those particl;a deposited in ths upper alrways are
removed by the mucociliary escalator. 1In the upper airwvays there is a series
of tiny hairs or cilia which are continually sweeping mucous and particles
upward toward the throat. The mucous provides a sticky layer to capture and
hold the particulate, while the cilia remove it from the respiratory system,
In the terminal bronchioles and the slveoli, deposited material is removed by

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

Problems arise, however, vhen the respiratory system i{s overcome. Whenever
there is 8 high concentration of dust, the -ucpctlt;ry escalator and the
phagocytes may not be able to remove all of the particles. Also, the
particles may possess unique properties which prevent ths natural defenses of

the lung from eliminating them,

It is the intent of this study to detarmine which materials may be toxic to
the respiratory system, and what concentration and duration of exposure may

produce physiological changes.

52



