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Executive Summary

The Califo:~n1a Cement Plant in Colton, California was .urveyed by a NIOSH team

of industr:Lal hygienists, on December 7 through December 10, 1981. Samples

were collel:ted and analyzed for respirable and total dust, free crystalline

.ilica, al\lminum, cobalt, magnesium, lIanganese, nickel, other trace elements,

asbestos, nitrogen dioxide, and oxides of .ulfur.

The respirinble and total dust levels fo~ ..ost jobs are below recommended

exposure bvels. However, eight .ample. exceeded the ACGIB recommended level

3of 5.0 mg/Dl for respirable nuisance particulate. Six total dust samples

3exceeded the MSHA standard of 10 IIg/s for nuisance dust. Of the dust

contaminants measured, only quartz 1. couaidered to be pre.ent in excessive

concentrat1.ons. Expo.ure to quartz wa. observed in all areas of the plant,

particularly in association with raw ..terials. Eleven respirable dust

samples exc::eeded the MSBA-PEL for respirable quartz.
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Introduction

The National Institute for Occupational Safety and Health (NIOSH) has

undertaken a study to determine the effects of materials found in Portland

Cement facj,lities on the human respiratory system. A representative 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 be surveyed.

Each plant survey consisted of:

1. ~~dical testing of employees to determine the prevalence of

respiratory disease.

2. Etnvironmental sampling to determine the presence and concentration

of various contaminants.

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

This report: deals with the enviroDllental aspect of the study. The

environmental surveys are priurily concerned with the compolition and

concentration of airborne dust particles. It is i.portant to characterize the

presence of.' toxic contaminants as completely as poslible, so that, if

respiratory problems are discovered, the proper contaminant may be implicated
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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

population:. in Portland cement plants 11 the lack of complete documentation of

the resplriltory hazards to which workers are exposed. For these reasons,

comprehens:Lve industrial hygiene surveys are a very important aspect of the

Cement Worl,ers Morbidity Study.

The Califoll:'nia Cement plant in Colton, California was surveyed on Monday,

December 7 through Thursday, December 10, 1981, by Laurie Piacitelli, Michael

McCawley, .John Gamble, and Wayne Sanderson. The original cement plant was

estabUshed in the 1890's adjacent to a 11mestone quarry, one mile southwest

of Colton. Today, the limestone quarry serves not only as a calcium source

for cement production, but as a .ource for commercial lime which i8 a180

processed .It the plant .ite. The rock 1s crushed in gyratory and impactor

crushers, nnd then stored for use in cement or 11me production. Other

1I8terialsl:or cement production (ahale, .and, gypsum, and coal) are trucked in

by other companies. The limestone, ahale, and .and are blended and milled in

rotating bull mills into a powder. The raw material pOWder i. pumped into the

kiln. for l:~link.er production. Cement clinkers are produced by the dry process

method in two k.il9 which were built in 1963. The k.ilns are fueled by

pulverized coal. Gypsum i. added to the clinker and it i. milled in ball

mills to increa.e finenell; tb1l ground uterial 11 Portland cement. The four

types of fj~ni.hed cement unufactured hare, are bagged, or loaded out a. bulk

in trucks l:lr railcars.



Methods and Results

Personal Re~pirable and Total Dust Samples

It was not feasible nor statistically necessary to monitor all individuals at

the plant. Using a random numbers table, a .ubset of workers was chosen to

participate 1n the study. These selected workers were requested to wear a

respirable o:~ 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 Hters per minute (lpm) by a personal sampling pump. At this flow

rate, the cyc:lone separates the collected airborne dust into two fractions.

Those particles considered respirable pass through the cyclone and are

collected on the filter; larger particlel or those conlidered to be

non-respirable drop to the bottom of the cyclone and are discarded. The

collection efficiency curve for this cyclone is presented in Figure 1. As

defined by th:ls curve, particles greater than 10 micrometers in aerodynamic

diameter theol~etically would not pais through the cyclone and be deposited on

the filter. \~ereas, almost all the particles smaller than 1.5 micrometers in

aerodynamic dtameter would be collected on the filter. (1) The basic sampling

apparatus for respirable dust, minus the lize selector, is used to collect

total airbornE! dust. Air 11 pulled through a PVC filter mounted in a

polystyrene fi.lter holder at a flow rate of 1.7 lpm. Those particles 20 UJIl

and below are collected fairly efficiently on the filter aedia. This of

course depends also on the direction, speed, density, and nearness of the

particles to tine filter. The IUten .ere weighed on a precil10n balance to

4



Figure 1 COLl.ECTION EFFICIENCY OF THE PERSONAL RESPIRABLE DUS1' CYCLONE
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the nearest 0.01 milligram (mg), before and after sampling. The weight gain

of the filters, the sampling flow rates, and the sampling times were used to

calculate airborne dust levels.

Respirable dust levels are reported in Table 2 as milligram per cubic meter

(DUSTMGM3). The results from the respirable dust sampling are also summarized

in Table 3, '~ith 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 I)f the data. "GM" and "GSD" are the geometric means and geometric

standard dev:Lations of the same data respectively. Geometric values sometimes

give a bettel~ estimate of expected values than do normal arithmetic averages

because the ltffect of an occasional high value is diminished in calculating

geometric mellns. The NLOD values are the number of samples which were less

than the l1m:l t of detection. "MAX" and "MIN" values are maximum and minimum

observed values for samples that had detectable amounts of materials.

Arithmetic mE~an respirable dust levels are also charted in Figures 2 and 3 by

process area and job category respectively. These are presented to provide

easy recognition of the highest exposure areas and job categories.

After welghir.Lg, the respirable fUteri were subjected to analysis by x-ray

diffraction t:o detemine their content of the cryltalline silica polymorphs,

quartz and ct'istobalite. (2) Crystalline silica is reported in Table 4 as

6
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microgram pl!r cubic meter (QUARTZ) and percent quartz (PCT_SI02). A value of

"N" indicatl!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 d~ltectable quartz coneentrations 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. Alii with the respirable dust levels, arithmetic mean total dust

levels are c::harted in Figures 4 and 5 by process area and job category

respectivel~"•

After weightng, the total dust filters were a.hed in acid and analyzed by

atomic absoI'ption (3) to detect the amount of aluminum (AL), chromium (el),

cobalt (CO), magnesium (MG), manganese (MN), and nickel (NI) present. The

trace metal concentrations are reported in T6ble 8 as micrograms per cubic

Ileter of air' (_ UGM.3). Once again, a value of "N" indicates that the

Ileasured quantity was below the lillit of detection. The limits of detection

for each el~~ent are listed in Table 1. Trace metal analyses are summarized

in Table 9. The MEAN is the arithmetic aean of all the samples with

detectable l'lvels of the particular eleaents. STD DEV 18 the standard

deviation of these s..ples and is an expression of the variability of the

elellental eO'Beentrations.
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Area Total,Dust Samples

Airborne -total" dust samples were collected at fixed locations throughout the

plant. ThE!se areas were selected based on bow well they represented the work

Itation of the employees. These filters were also analyzed for amount of

aluminum, c:hromium, cobalt, magnesium, manganese, and nickel.

The trace Dletal concentrations are reported in Table 10 as micrograms per

cubic meter.' of air (_UGMJ). The JOB column defines the area in which the

.ample was collected. The six trace metal concentrations are tben given in

the next si-x columns. The results of the trace metal analysis of the area

total aamples are summarized in Table 11.

One area aample from each exposure category waa analyzed for content of 28

metals. These samples were ashed using nitric and perchloric acids and the

residues d1.ssolved in dilute nitric acid. The relulting aolutions were

analyzed for trace metal content by inductively coupled plal1ll& - atomic

emission spectroacopy (ICP-AES). (4) The reaults of the analyai. are reported

in Table 12. For this analysis technique, the lower limit of detection 1s 1.0

ug/filter for all elements.

Airborne Fi:ber Samples

Samples for airborne fiberl and aabeatol were collected on cellulose ester

filter.. Tbeae a..plea are taken with the front of the filtera completely

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



1.7 Ipm. The~le filters are optically analyzed using a phase contrast

microscope. (5) If fibers were detected, they would have been analyzed by

polarized light and dispersion staining, and transmission electron microscopy

to determine ~mether they were asbestos fibers.

In this surve:,r 26 samples were collected for fibers. These samples were

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

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

filters.

Bulk Material ,Samples

Samples of ra~i' material dust, clinker, finished product, and mixtures of dust

were collected for analysis. These lamples were generally collected from dust

settled on led.ges or objects leveral feet above the floor. For this reason,

it is suspected that these particlel were at one time sUlpended in air before

coming to rest. These bulk material lamplea cannot, however, be considered

airborne lamples. This material was analyzed for content of quartz and

cristobal1te by x-ray diffraction; aluminum, chromium, cobalt, ugnesium,

manganese, and nickel content by atoaic ablorption; and albeltos content by

polarized light and dispersion Itaining microscopy.

The results of' these analyses are prelented in Table 13. The All!A column

lists from whalt exposure category the lamplel were taken, or whether the

material was felt to be predoainantly raw ..terial, clinker, finished Portland

cement, or a mixture of two or acre typel of dust. The relult. of analYlis

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

9



10

material is quartz, there is 0.01 gram of quartz in each gram of raw

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

analytical limit of detection.

Oxides of S!Jlfur Samples

Samples for aulfate and sulfite particulatel and sulfur dioxide gal were

collected b:~7 drawing a known volume of air through a filter train consisting

of two cellulose elter filters in aeries. Particulate matter, including

aulfates and sulfites, is collected on the firat filter. Sulfur dioxide

passes through the first filter and is collected on the second filter which

has been impregnated with potas.ium hydroxide. (6) The filterl were extracted

with deionhed water and the extracts analyzed by ion-chromotography.

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

where the s8.mple was collected. The 504 UGM3 and S03_UGM3 columns give the

sulfate and sulfite particulate concentration. in micrograms per cubic meter,

and the S02_.?PM column gives the .ulfur dioxide concentrationa in parts per

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

Table 1.

Nitrogen D1~x1de Samples

Nitrogen dioxide .ampling was done u.ing pa.sive do.imeter. for both area and

per.onal .ampling. Full shift time-weighted average axpo.ures were

determined. nos1meters vere conltructed by cutting lengths of acrylic tubing

to give a lel1gth-to-area ratio of 10 to 1. One end of the tube vas fitted

with a remov,lble cap-plug and the other end va. sealed with a cap containing



11

the colleetion grids. These grids were coated with triethanolamine which

quantitatively absorbs N02• During exposure, the cap-plug was removed and

the contamtnant gas diffused 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 H02 was formed. The

.olution was transferred to a spectrophotometer and the abaorbtivity is

measured at: 540 nm. This was compared against a standard curve to give

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

Conc, ppm • nanomoles H02

2.3 x (Hours of Exposure)

These samphs were collected for period. between 6 and 8 hours. The

measurements reflect the average concentration over this period. The results

of the anal:rais are presented in Table 15. Nitrogen dioxide 11 produced from

the combustlon of organic compounds such as coal and diesel fuel, which

contain nitrogen.

Direct Read:Lng Indicator Tubes for Toxic Gases

Draeger dirttct reading indicator tubes were uaed to ...ple for carbon monoxide

(CO). nitrogen dioxide (N02,. oxides of nitrogen (NOX). ammonia (NB3), and

hydrochloric: acid (Bel). Air ia drawn tbrough theae tubes by a hand-held

bellows pump. These tubes contain reactive indicator aaterials which change

color when r.:hey are exposed to .pecific .ases. The length of atain indicates

the concenu'ation of ga. present in tbe environment. On thi. survey, NIOSH
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Certified Detector Tubes were used. They are certified to produce results

within +25% of the-true concentration at levels between one and five times the

TLV, and within +35% of one-half of the TLV. For purposes of this study, this

level of precision is adequate since a 25% variation around a given exposure

level i. not likely to produce significant differences in phy.iological

response. 'rhe results of the detector tube aamples are listed in Table 16.

General CO~Dents and Schedule

Control fiHera were collected on site during the lurvey. These filters

received trl!atment identical to dust laden filterl, except no air vas drawn

through the control filter.. During each Ihift, each perlonal and area

sampler vas periodically checked for proper operation. If the sampler vas not

operating v'lLthin specifications, sampler adjultments and appropriate notations

vere made and, if necessary. the results of such samples vere voided.

The enviroaalental inveltigations team began sampliug Monday. December 7.

1981. The tilampl1ng schedule vas as follovs:

Honday. Dece.ber 7

Tuesday, Dec..ber 8

Wednelday. December 9

Thursday, December 10

- 2nd Ihift

- 1st shift

- lit shift

- 1st shift

This schedule vas used in order to adequately aeasure env1roDaental

concentration differences due to day-to-daY .•nd shift-to-shift variations.
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Plant areas and the work force were separated into four exposure categories

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

raw - expo.ure to raw materials dust

clinker - exposure to clinker dust

finish - exposure to finished Portland eement dust

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

Although th,!se eategories are lomewhat artifieial, they are very important to

the deaignof the Itudy. Generally, the dust particles within a category area

are chemica.lly and physically .i.llar; however, betweeu categories the dusts

are .ignifi,:antly different. The mix category .erves to "catch" those jobs

such a. labl)rerl and repairmen who work throughout the plant or are exposed to

more than O\:1e type of dust.

Dilcussion. and Conelusious

This study :Ls d.ligned to det.raine 1f the noraal function of respiratory

ti••ue is ixapaired beeau.e of expo.ure to .a.e. or partieulates found in

Portland eelment plantl. Saaple. of airborne particulate vere collected in

conjunction with a ..dical exa.ination that included x-ray•••pirollletry tests,

and .ymptollln que.tionnaire.. Ie.piratory probl... a••ociated with exposure to

airborne particulate are 111fluencd by four factors: (7)

1. The type of dUlt involved
2. The length of expolure time
3. The cOllcentration of airborne dustl in the breathing zone
4. The size of the dUlt particlel
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The intent of the environmental portion of the study is to determine the types

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

This survey was ~ conducted for regulation compliance purposes. This data

presented b<ere is to be used for correlation with employee medical data for

occupational health research. Air quality and phy.ical agents in Portland

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

l.esources CI:>de of Federal llegulations. The 1913 Threshold Limit Values,

(!LV' I), ad,:>pted by the American Conference of Governmental Industrial

Bygienists, (ACGIB), are cited as the Itandard. which airborne contaminants

are not alll)wed to exceed. In this report these .tandards .erve only as

reference ll!vels in order for plant personnel to compare the environmental

conditions I)f their facility.

Personal Re!lpirable and Total Dust Sample.

Portland Cetment is pre.ently considered to be a "nui.ance" dust. "Nuisance"

particulatell, by definition, have "little adverse effect on lungs and do not

produce significant organic disease or toxic effect when exposures are kept

UDder reasot~ble control. Generally, tbe lung-ti.sue reaction caused by

inhalation (If nuisance dusts hal the following characteristic.:

1. Tbe architecture of the air space. reuins intact.
2. CClllagen (scar ti••ue) 11 not formed to a .ignificant extent.
3. Tbe tissue reaction 1a potenUally reversible." (8)
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If airborne particulates contain greater than 1% crystalline .ilica, then they

are no longer conaiaered nuisance particulates; they are mineral dusts. The

MSHA standa.rd for nuisance dusts is 10 milligrams per cubic meter of total

.uspended dust. The MSHA standard for mineral dust. employ. the formula:

PEL • 10 mg/m3

% relpirable quartz + 2

where the .. :: respirable quartz" 11 the percent by veight of quartz in each

lample, and "PEL" il tbe permissible expolure level. Therefore, each

respirable liust sample for mineral dust bas an exposure limit based on ita

content of I~uartz.

Tbe emphasi!1 of tbis survey vas on respirable dust lampling. It is difficult

to compare :1~e8pirable dust aeasurement. to tbe currently employed MSHA

nuisance du~.t standard vbicb il based On total dust levels. We recommend

comparison c:lf the respirable dUlt levell to tbe 5 ag/m3 TtV for respirable

nuisance dUEit recommended by the ACGIH.

Examining the persooal re.pirable .aaple. collected from the various jobs,

3Table 2, e1s:ht lamples exceeded S III/m • The povder l1.e.tone operator vas

operating tbe 11ae al11 and loadlns tral18port truclta with 11ae. The kl1n

helper va. expo.ed to II1neral dun and not nu1lance dust because h1l .ample

contained greater than 1% quartz (.ee Table 4). Be bad been vorkins on a

choked air .lide in the rav teed .ilo. The fini.h du.t collector, utilityman,

and mill operator vere all cleanins up a large duat apill in the apecial

grinding areia, and trying to get the 11111. operational. The clean-up worker
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in the fin1.lh area wal cleaning floors and equipment with compresed air at the

truck load lil08. The vacuum truck driver was cleaning up spill I in the

finish and raw s1101. The welder was weld1ng pipes in the finish product

dlol. The weight on hh lample aay have been from heavy metal fume rather

than cement particles. For .11 workers the geometric mean respir.ble dUlt

level was 0.83 mg/m3•

3Six personal total dust .amplel, Table 6, exceeded 10 mg/m. The rock

lorter was removing rocks by hand al they passed on a conveyor belt. The

finish mill operator was operating mills in the special grind .rea. The

packer was bagging cement and as.isting other baggers. The electrician was

working in Il&ny .reas of the plant. The y.rd worker wa. collecting overflow

.nd waste milterial .nd hauling it to the waste l.ke. For .11 workers the

3geometric ml!an total dust level w•• 4.62 mg/m •

Bec.use of 'the differences in worker duties .nd .etivities, lome jobs

consistentl:, encounter higher or lower dUlt levels than other jobs. Bowever,

with1n • 81',en job c.tegory, variability 18 often Ilight. F1JUrel 3 and 5

chart the mltan. of the re.pir.ble .nd total du.t ....urements respectively,

for each job. bp.irmen, powder li.estone oper.tor., laborer. and

yardworkers" packhouseworkerl, aill operatorl, kiln helpers, and electricians

bad the high.lt dust exposures. Activities of these workers either lener.te

considerabl4l aaounts of duet, or take the1l into are.s of heavy dUlt exposure.

Mo.t of the other jobs involve .ctivitiel that do not lenerate auch dust, or

the workers were ilolated fro1l the dUlt lource by enclosures.
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Crystalline; Silica

Quartz was detected in bulk samples of raw material from the primary and

secondary crushers (5.2-6.3%), raw mill area (8.1%), and raw .torage silos

(12.5%). Q'uartz is a common constituent of 11mestone, .hale, clay, and sand,

but i. rarely found in clinker or finished cement. A••ilicon dioxide passes

through the high kiln temperatures, it il transformed from free crystalline

forms into ;Iilicates. All workers associated with raw material du.ts are

potentially exposed to concentrations of quartz.

Respirable dust samples from 30 workers were analyzed for concentration of the

crystalline mineral types quartz and cri.tobalite. Eleven of the samples

contained dutectable quantities of quartz. All of the workers had spent all

or part of t:heir shift exposed to raw ..terials except the finish mill dust

collector and the packer. These two .amples also contained the lowest

percentages of quartz. The quarry laborer was cleaning up .pills along the

crusher belts and in the rock storage area.. The cru.her oiler was cleaning

and greasing: the primary and aecondary cru.hers. The front end loader

operator was loading quarry trucka. The rock aorter was removing rock. from a

conveyor bel.t. The duat collector on December 9 vas working on the raw silo

dust collection ayltem. Thele five workers had lpent their entire ahift

exposed to I'av .aterial dUlt. The kiln helpers 'pent part of their ahift at

the raw end of the kiln and part at the clinker end. The vorker vith the

3highest conc:entration of quartz (l380.4 ug/. ) vaa a kiln helper who was

vorking on eo choked up air alide in the kiln feed aUoa. The mUl helper vas
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cleaning alld checking both the raw and finish mills. The dust collector on

December 10 was working on the collection systems in several areas of the

plant.

There may be some variation in quartz concentration depending on the

compositiolL of the raw materials that employees are working with. Also, the

mixing and grinding of various materials containing quartz will result in a

range of concentrations. Therefore, the free silica concentrations may vary

with area a.nd time. The calculated percent of quartz on the respirable

filters (Ta,ble 4) have a range of 0.7 - 8.7%.

Table 5 list. the jobs with detectable level. of quartz, the percent quartz by

weight in each sample, and the concentration of that dust allowed by KSBA.

All of the samples exceed the permissible exposure limit. Pour of the eleven

.amples wit:h detectable levels of quartz eontained concentrations greater than

3100 ug/m. Exposures below this level have been suggested in past research

a. safe le~'els of exposure. (9,10,11)

Trace Metals

The perlonal total dust s..ples were analyzed for the six trace aetals:

aluminum, cbrOlliua, cobalt, aalneliua. aanlanese, and nickel. Prom the

perlonal lalaples, none of the aetals were found in concentrations greater than

the KSHA penallsible exposure levels or the ACGIB recc.aended TLV's. Area

total dust ,...ples were collected throulhout the plaut and analyzed for the

same dx tr;llce aetals. Although we attempted to place the area sample. in
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locations 'l~epresentat1ve of work areas. these stationary samples should not be

considered estimates of personal exposure. Their purpose is to document the

presence 0:1: these metals in airborne particulates and their relative

concentradons. Aluminum and ugnedum are c01lllll0nly found in the dust

particles. Kanganese, chromium. cobalt, and nickel are occasionally found.

Aluminum ii' present in the greatest concentration. followed by ugnesium. Raw

"material. c:linker, and finished cement dust all contain aluminum and

magnesium. Variation in the presence of aetals and their concentration may be

caused by Clifferences in milling or processing. We chose to measure these six

metals bec~Lu.e nickel and chromium are suspected carcinogens, and aluminum.

magnesiWl. manganese, and cobalt are suspected pneumoconiosis or bronchitis

producing Ilgents. 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 sa,mples analyzed by ICP-AES were also for purposes of docwaenting the

pre8ence of.' the8e aetal, in airborne particulates and theiT Telative

concentraUons. The aetal. pr1marlly found in all the dust types are:

aluminum. c:.alcium. iron, "lne.iWl. sodium, and titanium.

Asbestos

In this survey we found no asbe.tos pre.ent in the raw ..terials. NIOSB has

surveyed quarries and raw ..terials a.sociated vtth ce.ent plants, as well as

other limestone quarries. No asbestos has been found during any of these
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surveys. J:t 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 r'are.

Oxides of Sulfur

Sulfur dioxide concentrations of 0.01 ppm were found at the back end of the

kiln. These levels are below the ACGIH TLV of 2 ppm, and MSBA PEL of 5 ppm.

These measurements show however that exposure to sulfur dioxide does occur.

Only one salnple detected sulfate particulates at the back end of the kiln.

Exposures tl) greater concentratlons may occur because of breakdowns or

breaches in the kiln exhaust system. Also. 1f the sulfur eontent of the kiln

fuel increalles. more sulfur dioxide may be produced. Sulfate particulates

have not be4!n documented to cause irritation or chronic disease. Bowever.

there is Itl~ong evidence that aerosol. of thele water soluble salts catalyze

the converaton of sulfur diOXide to sulfuric acid. thus potentiating the

irritant and reflex bronchoconstrictive effeeta of sulfur dioxide. (14)

Neverthelesll. workers should not experienee irritation or respiratory changes

attributable! to S02 or sulfates at levels detected at California Cement.

(1.12.13)

Nitrogen Dic~

Nitrogen dicl1xide 11 a redd1lb-brown gal whieh 11 a e01lllon contaminant in the

exhault of internal combustion eua1nel. It il an irritant to the aucous
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membranes a.nd its inhalation may cause coughing, sometimes severe, which may

be accompa[l.ied by mild or transient headache. (22)

Based on a[limal studies, a ceiling limit (the concentrations, not to be

exceeded even instantaneously) of 5 ppm has been recommended. (23) This level

was considered .ufficiently low to insure against immediate injury or adverse

physiologic: effects from prolonged daily exposures. The pre.ent federal

standard (MSBA and OSHA) for nitrogen dioxide i. S ppm as an a-hour

time-weighted average (TWA). (24) Thll val based upon the ACGIB TLV except

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

and animal .tudies suggest that human. with normal respiratory function may be

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

with disease .uch a. bronchitis ..y be aagravated by .uch exposures.

(25,26,27,28) NIOSB recommends a ceiling of 1 ppm to protect vorkers with

pre-existiIl,g chronic bronchitll. ACGIB ..intain. a STEL of S ppm and a TWA of

3 ppm.

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

standard.

Toxic Gases

Carbon mono:Elde and oxide. of nitroaen vere detected in area. where diesel and

aaloline pO'ilered forklifts and trucks vere being operated (.ee Table 16).

Carbon .ouo~dde aud oxides of uitroaen are ca.aou contaminants in exhaust
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gases from the burning of f088il fuels. Portland cement plants have several

areas which may be contaminated with these exhau8t gases. It 1& possible that

when diesel or gasoline powered engines are run in enclosed spaces, excessive

levels of c:arbon monxide and oxides of nitrogen may build up. The HSHA 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 ammonia in the laboratory indicate that

workers are expoled to these two gases during wet chemical analyses of

minerals. The wet chemical tests are generally run only once and seldom more

than twice per shift. These gases were detected for no more than four or five

minutes during a portion of the laboratory procedure. The MSHA PEL for

hydrochlori'l: acid and UIIIlon1a are 5 and 25 pppm for an a-hour time-weighted

average.

Background !Samples

Samples plal::ed upwind of the cement plant exhibit very low levels of dust. No

trace .etall., asbestos, or crystalline silica were detected on these

background samples. The background respirable and total dust levels may

fluctuate V1~th chanaes in atmospheric conditions. Th.s. dust levels represent

the dust eXl»osures people would experience by juat beina in the c01lllunity.

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

measured plaLnt conc.ntrations. This would aive values which represent the



additional dust burden attributed to the operation of this plant. Tables 2

and 3 list '~he background respirable dust levels and their descriptive

statistics.

Conclusion

The respirable and total dust level. for most jobs at the California Cement

Plant in Colton, California are below reeoaended exposure levels. Eight

respirable dust samples exceeded the ACGIH rec01llDlended level for respirable

23

nuisance pa:l~ticulate• 3Six total dust samples exceeded the 10 mglm KSHA

• tandard fO:I~ nuisance dust. Eleven respirable dust .ample. contained

detectable :iLevels of quartz. All of the.e ...ple. exceeded the MSHA-PEL for

respirable cluartz. Of the duat contaminantl mea.ured, only quartz is

considered 1:0 be present in exces.ive concentrations. Exposure to quartz

occurs primutrily in association with the raw materials. Protective measures

.hould be tlilken.

llec01lllDendations

Engineering control. are the mo.t effective aeana of reducing worker exposure

to airborne dUlt. The.e control. Ibould be maintained in efficient working

order. Vent::ilation delip to remove the du.t fr01l the air once it is

senerated afoLd leparation from the dUlt by enclol1na either the worker or the

dust are effective ..ani of control. The priority for lapleaenttns du.t
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control me~lsures should begin with areas of highest exposure. You can use

Figures 3 through S to identify the jobs and areas with the highest exposures.

Workers with the highest dust exposurel were generally involved in 1IUlintenance

and clean-up operations. Since it is difficult to control dust expo.ures

during these operations. personal respiratorl may need to be provided.

During clean-up operations. worker. often uae compre••ed air to "blow down"

the work areal and them.elvel. Thil proce'l resu.pend. a great deal of du.t.

Substituticln with a vacuum system would eliminate thil problem.

Although engineering controll are the recommended courle of action. perianal

protective equipment (relpiratorl and gogglel) may be u.ed by workers whenever

engineering controls are not available or during maintenance. repair. and

clean-up operations. The dispo.able paper or cloth relpirator. do not form an

occlusive leal between the respirator and the face. Dust particles would be

able to pass through leaks between the respirator and the face. Vbenever

workers are potentially expoled to excellive quartz concentration•• quarter or

half mask d11lIt-fume-mi.t respirators .hould be used. The disposable

respirators will. however. provide loae protection to worker. exposed to

nui.ance pa:~ticulatel. If vorkerl complain of .ye irritation. full-face piece

respirators ..y be uaed inltead of half or quarter ...k relpiratorl to

alleviate the proble... It 11 luggelted that workara be involved in the

aelectton olf a coafortable RIOSB/MSBA approved dUlt-fuae-a1lt relpirator and

be fit-telt4!d 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 in use. During

the loading of bulk material trucks. engines should be shut off to avoid a

build-up of gases in the Icalehouse. Increased general room ventilation in

the palletizing building would also reduce exhaust gas concentrations.

The corrective actions recommended Ihould be viewed as Icientific guidance.

There is no legal requirement that you implement any of these recommendations.

and no asaur,lnce that these actions. if implemented, would be lufficient to

prevent futu:~e citation. for non-compliance. Nevertheles., it i. anticipated

that implemel~tation of the recommendations lilted in this report will reduce

airborne du.t level. at this facility, and improve the environmental

conditions o:E the workplace.
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Table 1

Environmental Investigations Branch

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

l~umber of Samples With Detectable Levels of Contaminants

28

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

llespirable dust 71 71 0.01 mg

Total dust 15 15 0.01 118

Quartz 30 11 0.03 mg

Criatobaliu 30 0 0.03 Ilg

Aluminum 33 25 0.20 mg

Chromium 33 4 0.004 118

Cobalt 33 4 0.005 Ilg

Magnesium 33 32 0.002 mg

Manganese 33 19 0.002 Ilg

Nickel 33 4 0.004 mg

Asbestos 26 0 4500 fibers

Sulfate 3 1 0.005 mg

Sulfite 3 0 0.01 ag

Sulfur dioxide 3 2 0.005 mg

Nitrgen dio'l:ide 34 33 0.02 ppm



Table 2
EHVIRote1ENTll IHVESTIGATI0H5 BRANCH

CE"ENT WORKERS ~BIDITY STUDY
CALIFORNIA C["[NT COllCH, CALIFORNIA

PERSONAL RESPIRABLE DUST CONCENTRATIONS. ~/n3
GROUPED BY EXPOSURE AREA

--------------------------------------------------------- AREA=BACKGROUND ----------------------------------------------------------

JOB

BACKGROUND
BACKGROUND
BACKGROUND
BACKGROUND

DATE

070EC81
080EC81
09OEC81
IODEC81

SHIFT

2
I
1
1

DU5111G113

0.21
0.01
0.01
0.01

------------------------------------------------------------- AREA=RAM -------------------------------------------------------------

JOB DATE SHIFT DUS111Gl13

POWIJER LItlESTOtE OPER 070EC81 2 2.45
RAYI10ND HILLER OBOEC81 1 2.52
LABORER (QUARRY' 08DECal 1 3.02
TRUCK DRIVER ILIftE PlANT. 080EC81 1 1.91
DRillER 080EC81 1 0.38
PAI""RY CRUSHER OPERATOR 080EC81 1 0.30
FRONT END LOADER 080EC81 1 0.02
QUARRY T1KJCK DRIVER 080EC81 1 1.42
BAGGING (LItlE. 09OEC81 1 0.73
WATER TRUCK OPERATOR 09OEC81 1 0.41
BAGGING (L1t1E. 09OEC81 1 1.20
POWDER LI"ESTOHE OPER 090EC81 1 7.41
QUARRY TRUCK DRIVER 100EC81 1 0.16
DRillER IOOEC81 1 0.21
FRONT END LOADER 100EC81 1 0.73
FRONT END LOADER 100EC81 1 1.68
OILER (SIfOYELt 100EC81 1 2.40
ROCK SORTER (LItlE PlANT. 100EC81 1 1.08

----------------------------------------------------------- AREA=CLINKER -----------------------------------------------------------

JOB

KILN HELP£R
KIlN HELPER
KILN BUlmER
KIltt HELPER
CRANE OPER (CLINKER.
KILN HELPER

DATE

07DEC81
080EC81
080EC81
090EC81
100EC81
100EC81

SHIFT

2
1
1
1
1
1

DUS111Gl11

2.39
18.85
0.11
0.16
0.36
1.54

N
\0



Table 2
EHVIRtH1EHTAl INVESTIGATIONS BRAHCH

CEMENT WORKERS ~BIDITY STUDY
CALIFORNIA CEMENT COLTON, CALIFORNIA

PfASDHAL RESPIRABLE DUST CDNCEHTlfATIONS, MGlttl
GROUPED BY EXPOSURE ARU

----------------------------------------------------------- AREA=FINISH ------------------------------------------------------------

J(B DATE SHIFT DUSTttGt11

PACKER 070EC81 2 1.60
"AINTENAHCE (FINISH) 070EC81 2 1.05
FORKLIFT OPERATOR (FINISH) G70EC81 2 0.54
PACKER 070EC81 2 1.03
UTILI,"AN (FINISH) 070EC81 2 2.06
DUST COLLECTOR (FINISH) 070EC81 2 6.60
UTllIY~ (FINISH) OJOEC81 2 6.19
"ILL OPERATOR (FINISH) 070EC81 2 6.08
CLEAH UP OJOEC81 2 11.70
SCAlEHOUSE CLERK 070EC81 2 0.15
UTllIY"AH (FINISH) 080EC81 1 1.31
FINISH "ILL HELPER 080EC81 1 3.19
UTlLIYf1AH (FINISH) 080EC81 1 0.01
CLEAH UP 080EC81 1 0.03
BULK LOADER 090EC81 1 0.45
PACKER 09OEC81 1 2.23
FORKLIFT OPERATOR (FINISH) 090EC81 1 O.U
FORKLIFT OPERATOR (FINISH) 100EC81 1 0.71

------------------------------------------------------------- AREA="IX ------------------------------------------~------------------

JOB DATE SHIFT DUSTt1Gttl

LABORER 070fC81 2 0.11
mellE fQUIPttEHT OPER (PlANT) 070EC81 2 0.55
REPAIR""N 070EC81 2 0.38
"ILL NElPER ("IX) 170EC81 2 1.77
FRONT END LOADER ClARO) 070EC81 2 0.30
COI~LE OPERATOR 070EC81 2 0.92
mCHINIST 070EC81 2 2.21
"IX CNE"IST 070EC81 2 0.09
LABORATORY WORKER 080EC81 1 0.31
REPAlR"AN 080EC81 1 0.01
OILER (GENERAl) 08DEC81 1 0.10
VAClUt TRUCK DRIVER 08DEC81 1 7.86
LABORATORY WORKER 09OEC81 1 0.25
lARD WORKERS 09OEC81 1 0.28
LABORER 09OEC81 1 2.11
STOREROO" ~RIHTENDENT 09OEC81 1 0.44
""CHINIST 09OEC81 1 0.58
CARPENTER 09DEC81 1 0.32
VACUU" TRUCK DRIVER 09OEC81 1 3.09
DUST COllECTOR 09OEC81 I 2.67 w
LABORER 10oEC81 1 4.74 0

DUST COLLECTOR lODEC81 1 3.51
onER (GENERAL) 10oEC81 1 0.52
JAtnTOR 10oEC81 1 0.32
LABORER 100EC61 1 2.41
ElECTRICIAN 10DEC81 1 0.80



Table 2
EHYIRONH£HTAL INVESTIGATIONS BRAHCH

CENENT WORKERS MORBIDITY STUDY
CALIFORNIA CEMENT COLTaH. CALIFOAtlll

PERSONAL RESPIRABLE DUST COHCENTllATlOHS. tlGlttl
GROUPED BY EXPOSURE AREA

------------------------------------------------------------- AREA=HIX -------------------------------------------------------------

JOB

WELDER
YARD WORI<ERS
HAINTENANCE SHOP

DATE

10DEe81
10DEC81
10DEC81

SHIFT

1
1
1

DUSTHGNl

5.97
0.5J
0.57

w
~



ENVIROHHENTAl INVESTIGATIONS BRANCH

Table 3 CEMENT WORKERS NOR81DITY STUDY
CALIfORNIA CEMENT COLTON, CALIFORNIA

PERSONAL RESPIRABLE DUST CONCENTRATIONS. ttGlHl

AREA SAMPLES "UN STO 6ft GSD NUID "IN "AX

BAac:GROlHJ .. 0.06 0.10 0.02 4.62 0 0.01 0.21
RAW 18 1.57 1. 78 0.84 3.74 0 0.02 7.41
i:i. iN<iEii 6 4.04 7.30 1.35 ".52 0 0.33 18.85
fiNISH 18 2.74 3.50 0.99 6.50 0 0.01 13.70
"IX 29 1.51 1.94 0.67 4.19 0 0.01 7.86
PUtmtIDE 71 2.05 3.11 0.83 4.51 0 0.01 18.85

W
"-J



Figure 2

DlJS111Gtt3I1UH

tNVIRON'tENTAl INVtSTIGATlOHS BRANCH
CEtlENT WORKERS ttOR8IDITV SnJOV

CALIfORNIA CEHtNT COLTON, CALIfORNIA
PERSOHAL RESPIRABLE DUST CotlCENTRATlONS, HGItt]
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8AR CHART OF HUNS

4.1 • •••••
I •••••
I •••••
I •••••
I •••••

1.5 • •••••
I •••••
I _...
I •••••
I •••••

1.' • •••••
I •••••
I •••••
I ••••• •••••
I ••••• •••••

2.5 • ••••• •••••
I ••••• •••••
I ••••• •••••
I ••••• •••••
I ••••• •••••

2.0 • ••••• •••••
I ••••• •••••
I ••••• •••••
I ••••• •••••
I _... ••••• •••••

1.5 • ••••• ••••• ••••• •••••
I _... ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• _...
I ••••• ••••• ••••• •••••

1.0 • ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••

1.5 • ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• •••••
I ••••• ••••• ••••• ••••• •••••
-------------------------------------------------------------BACKGRIXN) RAW CLINKER fINISH HIX

AREA t.J
w



ENVIRotItENTAl INVESTIGATIONS BRANCH

Figure 3 CEMENT ~KERS HORBIDITY STUOY
CALIFORNIA CEMENT COLTON. CALIFORNIA

PERSONAl RESPIRABLE DUST CONCENTRATIONS. tIG/tt]
ARITHHETIC MEAN VALUES BY JOB CATEGORY

BAR CHART Of "EANS

DUS11tGl11 "UN
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EHVIRotflENTAl INVESTIGATIONS BRANCH

Table 4 CEHENT WORKERS HOROIDITY STUDY
CALIFORNIA CEHENT COLTOH. CALIFORNIA

QUARTZ COHCENTRATIOH OF PERSONAL RESPIRABLE DUST SAHPLES
quARTZ COHCENTRATIOn IN HItROGRAHS PER tUBIC HETER tUGIH:U

JOB DATE SHIFT PCT_SI02 quARTZ AREA

POIoIlER UI1ESTOHE OPER 07OEC81 l N N RAW
R.lYf1!H! "ILLER C5iiEC51 ~ it .. flAW6

TRUCK DRIVER (LIttE PLAm) 080fC81 1 N N RAW
LABORER (QUARRY I 080EC81 1 8.7 262.30 RAW
PO&IJER UHESTOHE OPER 090EC81 1 N N RAW
BAGGING (LIHf) 090EC81 1 N N RAW
OILER (SHOVEL) lODEC81 1 2.4 58.29 RAr.I
FRONT EIIO LOlDER 10DEC81 1 5.1 86.02 RAW
ROCK SORTER (LItE PlANT) 100EC81 1 1.5 "4.83 RAW
nLN NELPER 070EC81 2 3.3 79.08 CLINKER
ntH HELPER 080Et81 1 7.3 1180,1, CLINKER
UTlLIYHAf( (fiNISH) 07OEC81 2 N N FlNISN
HILL OPERATOR .FINISH) 07OEC81 2 N N FINISH
DUST COLLECTOR (fINISH) 07OEC81 2 0.7 46.90 FINISH
PACKER 07OEC81 2 1.8 65.72 FINISH
UTILIYHAH (fiNISH) 07OEC81 l N N FINISH
CLEAN UP 07OEC81 l N N FINISH
UTILIYHlH (fiNISH) 080EC81 1 N N FINISH
fiNISH hILL HELPER 080EC81 1 N N fiNISH
"ACHINIST 07OEC81 l N N HIX
"ILL HELPER ("IX) 07OEC81 2 4.9 86.48 HIX
FRONT END LOlDER (YARD) 07OEC&1 Z N N HIX
YACUUH TRUCK DRIVER 080EC81 1 N N HIX
VACUUH TRUCK DRIVER 090EC81 1 N N "IX
LlBOPER 090EC81 1 N N HIX
DUST COLLECTOR 090EC81 1 5.0 113.58 HIX
DUST COLLECTOR 100EC81 1 4.2 146.94 "IX
WELDER 100EC81 1 N N "IX
LABORER 100EC81 1 N N HIX
LABORER 100EC81 1 N N HIX

W
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Table 5

Environmental Investigations Branch

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

Det'lctable Quartz Compared to MSHA Permissible Exposure Levels

36

Levels of Dust Conc. Quartz Conc. MSRA PEL
Job Kg/m3 % Quartz ul/m3 ml/m3

Laborer (qUiUty) 3.02* 8.7 262.3 0.93
Oiler (lhOVII1) 2.40* 2.4 58.29 2.27
Front end ll::>ader 1.68* 5.1 86.02 1.41
llocklorter 3.08* 1.5 44.83 2.86
Kiln helper 2.39* 3.3 79.08 1.89
Kiln helper 18.85* 7.3 1380.4 1.08
Dust collector

( finish) 6.6* 0.7 46.09 3.7
Packer 3.6* 1.8 65.72 2.63
Kill helper 1.77* 4.9 86.48 1.45
DUlt co11ec'tor 2.67* 5.0 133.58 1.43
Dust collec'tor 3.51* 4.2 146.94 1.61

*Indicatel laealured concentration exceeds the KSRA Permissible Exposure Limit.



Table 6
ENYIRONHEHTAL INVESTIGATIONS 8RANCH

CEHENT WORKERS HOR81DITY STUDY
CALIFORNIA CEHENT COLTON, CALIFORNIA

PERSONAL TOTAL DUST CONCENTRATIONS, HGlHl
GROUPED 8Y EXPOSURE AREA

--------------------------------------------------------- AREA=8ACKGROUND ----------------------------------------------------------

JOB

BACKGRCUD
BACKGRoutD
8ACKGROUtQ

DATE

080EC81
09OEC81
100EC81

SHIfT

1
1
1

DUS1l1Gtll

0.00
0.19
0.21

------------------------------------------------------------- AREA=RAN -------------------------------------------------------------

JOB

LABORER (RAN.
ROCK SORTER (L1ttE PLAtn'
BUSTER
QUARRY 11IUCIC DRIVER

DATE

080EC81
080EC81
10oEC81
100EC81

SHIFT

1
1
1
1

DUS1l1GtIl

1.60
13.90
~.28

I.lt9

----------------------------------------------------------- AREA=tLINKER -----------------------------------------------------------

JOB

KILN HELPER

DATE

o••let

SHIfT

1

DUSTltGttJ

27.01

----------------------------------------------------------- AREA=FINISH ------------------------------------------------------------

JOB

"ILL OPERATOR (FINISH
PACKER

DATE

080EC81
090EC81

SHIFT

1
1

DUS1l1GtlJ

U.So
26.56

------------------------------------------------------------- AREA="IX -------------------------------------------------------------

JOB DATE SHIFT DUS1l1GtlJ

ELECTRICIAN 080EC81 1 10.12
YARD WORKERS 080EC81 1 20.36
WELDER 080EC81 1 ].81
fRONT Ell) LOADER (YARD. 090EC81 1 5.01
LABORER 090EC81 1 ~.32

OILER (GEMERAU 09OEC81 1 2.81
WELDER 10oEC81 1 0.02
LABORER 100EC81 1 8.12

w
......



fHYIR~ENTAL INVtSTIGATIOHS BRANCH

Table 7 CE"ENT WORKERS HORRIDITY STUDY
CALIFORNIA CE"ENT COLTON. CALIfORNIA

PERSONAL TOTAL DUST CONCENTRATIONS. ttG/lt3

AREA SAttPLES "UN STU Gtt GSD HlOO "IH ttAX

BACKGROlHJ S O.U 0.12 0.07 5.64 0 0.00 0.21
RAW • 5.32 5.87 3.45 2.85 0 1.49 ll.90
CliHklii i 27.03 . 27.03 . 0 27.03 27.0]
FINISH 2 20.03 9.21 18.9] 1.61 0 U.50 26.56
"IX 8 6.91 6.30 3.02 9.07 0 0.02 20.36
PUNTlItD! 15 9.57 8.94 4.62 6.18 0 0.02 27.03

w
00



fNYIROM1ENTAl IHVESTlGATlOHS BRANCH

Figure 4 CENENT WORKERS ~BIDITY STUDY
CALIFORNIA CENENT COtTo... CALIFORNIA

PERSONAl TOTAL DUST CONCENTRATIONS. NG/tt]
ARlTHNETIC NUN VALUES BY AREA

BAR CHART Of HEANS
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Figure 5
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ENVIRotItENfAl INVESTIGATIONS BRAHtH
CEMENT WORKERS MORBIDITY STUDY

CALIFORNIA CEMENT COLTON. CALIFORNIA
PERSONal TOTal DUST CONCENTRATIONS. t'lGIHl
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ENVIRotKNTAL INVESTIGATIONS BRANCH

Table 8 CE"EHT WORKERS MORBIDITY STUDY
CALIFORNIA CE"EHT COLTON. CALIFORHIA

TRACE "!TAL CONCENTRATIONS OF PERSOUAL TOTAL DUST SAItPLES
CONCENTRAnONS IH "ICROGRA"S PER CUBIC "ETER HJG/ttll

AREA OAT! SHIFT JOB AL_UGlt3 CR_UGlt3 CO_UGttJ "IU.IGttJ ""_UGHJ HI_UG"]

RAM laDEC8l 1 LAIMlRER tRlMl 15 H H 8 H H
n.== uou~Cai. & iiOCK SullEN i LinE PlAit. j 2:6 N H 90 H H......
RAW 10DEcal 1 quARRY TRUCK DRIVER lit H H 10 H H
CLINKER 19OEC81 1 KILN HELPER 367 H H 353 11 H
FIHISH OaDEC81 1 "ILt OPERATOR CFIHISH) 150 H H 115 " H
FINISH 090Ecai 1 PACICER 346 H H 31" 9 H
"IX 08DEC81 1 ELECTRICIAH 108 H H a" 3 H
"IX 18DECal 1 MELDER 149 H N 16 34 N
"IX 18DEC81 1 YARD WClAKERS 175 H H 1"8 " H
"IX 09OEC81 1 LABORER 49 H H 41 2 N
"IX 09OEC81 1 OILER CGEHERAlt H H H 19 H H
"IX 09OEC81 1 FRONT END LOADER nARD I 35 H 6 25 1 ""IX 10DEC81 1 WELDER 32 5 H 21 32 H
"IX lODEC81 1 LABORER 37 H H 30 H N

p
~



Table 9

Environmental Investigations Branch

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

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

Metal N Means Std.dev. Minimum Maximum

Aluminum 13 116 120.59 14 367

Chromium 1 5 5 5

Cobalt 1 6 6 6

Magnesium 14 91 111.66 8 353

Manganese 9 11 12.87 1 34

Nickel 1 4 4 4

42



ENVIROHHENTAL IHYESTIGATIONS BRANCH

Table 10 CE~ENT WORKERS noRDIDITY STUDY
CALIFORNIA CEHENT COLTON. CALIFORNIA

TRACE "ETAL CONCENTRATIONS OF AREA TOTAL DUST SAMPLES
CONCENTRATIONS IN HICROGR~S PER CUBIC HETER cUGm}.

AREA DATE ~IFT JOB Al_UGt11 CR_UGttl CO_UGH] "IUJGHl tlUJGHl NI_UGH]

BACKGRIdI) OeDEC81 1 BACKGR(UI) N N N N N N
BAC!(G~otH! e~ECel ~ :s&rL"rn......~ it it ,. :J H H. u.-~"U"uunu

BACKGAIdI) IODEC81 1 BACKGR<Ue H N H 2 N H
RAN 070Ecal I RAW HILLS 221 H H 240 11 H
RAN OeDEC81 1 UM PUNT 191 12 40 2471 21 45
RAW 080Ecai I PRIMARY CRUSHER N H N 19 N N
RAW 090Ecal 1 SHAk£RSIBELT TRANSFER 41 N N 211 N N
RAN 10DEcn 1 ROCK SORTING N N H IS N H
RAN 10DECSI 1 RAW STORAGE 161 N H 1164 16 H
RAN 10DEcai 1 SECONDARY CRUSHER 60S H 7 1781 U 1
CLINKER 070ECSI t CRANE (OVER SILOS) 119 N N 231 9 N
CLINKER 170EC81 t CLINKER COOLER 592 5 N 413 11 N
CLINKER 19DEcel I ClIN<ER COOLER }1S N N 217 9 N
FINISH 070ECSI I BAGGING 9J N N al N N
FINISH OBOEcal I flHISH BALL "ILLS lOJ N N 212 6 N
FINISH 09DECal I FIHISH BALL HillS 1562 16 13 1562 lOS 14
FINISH 09DECSI 1 BUlK LOADING SILOS N N N 10 N N
fINISH IODEcel I FIHISH BALL HILLS 1242 N N S74 ]0 N
"IX OeD£C81 I ttAlNTENANCE SHOP N N N 5 N N

~
L.J



Table 11

Environmental Investigations Branch

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

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

Metal N Means Std. Dev. Minimum Maximum

Aluminum 12 509 454.01 41 1562

Chromium 3 11 5.31 5 16

Cobalt 3 20 17.44 7 40

Magnesium 18 548 747.36 2 2477

Kanganese 10 26 30.01 6 108

Nick.el 3 22 19.94 7 45

44
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Table 12

Environmental Investigations Branch
Industrial Hygiene Survey of Cement Workers

California Cement. Colton. California

Trace Metals Concentrations al Mea.ured by ICP-AES
Concentration. in Micrograms per Cubic Meter (ug/m3)

!xpolure Categories

Metals
Mill b.
Grey Plant

Clinker-Cooler Bagging
Grey White Plant

Finish & Clinker
Cooler White Plant

Aluminum
Calcium
Iron
Magnesium
Manganese
Sodium
Phosphorus
Titanium
Zinc

125.4
3207.9

157.9
108.6

N
21.8
N

10.0
N

714.3
15473.2

822.7
527.3
16.8
68.4

6.0
34.1

N

264.5
5932.1
311.0
203.7

6.3
33.4

N
13.2

5.26

115.5
7011.1
291.9
187.8

7.3
4.73
0.6
6.2
3.0

The followillg elements were analyzed for. but were less than 0.5 ug/fllter in all
lamples: I:Llver, arsenic. beryllium, cadmium, chromium, cobalt. copper, lead,
lithium, molybdenum, nickel. platinum, le1enium, tellurium, thallium, tin,
vanadium, yl:trium, zirconium.



ENVIROtItENTAL INVESTlGATlOHS BRANCH

Table 13 CEMENT WORKERS ~BIDITY STUDY
CALIFORNIA CEMENT COlTOH. CALIFORNIA

ANALYSIS OF BULK ttATERIAL PRESENTED AS PERCEIIT DY WEIGHT

AREA JOB IWARTZ CRISTB AL CA CO ttG ttH NI A58EST

RAM RAM ttATfRIAL 12.5 N 0.52 N N 1.96 0.04 N 0.0
RAN RAM tIlTERIAL N N 0.87 N N 0.94 0.03 N 0.0
HAti HAti MURiAl 8.1 N 1.20 N N 0.9] O.Oft N 0.0
RAM RAM tIllfRlll N N 0.76 N N 0.90 0.02 N 0.0
RAM RAM ttATERIAL 6.3 N 1.40 N N 0.79 O.Oft N 0.0
RAM RAM tIllfRUl 5.2 N 0.50 N N 1.10 0.03 N 0.0
RAM RAM tIlTERlll N N 0.10 N N 1.9] 0.01 N 0.'
RAM RAM ttAlfRlll N N 0.97 N N 1.20 0.01t N 0.0
RAM RAM ttATERUL N N N N N 0.97 0.01 N 0.0
RAM RAM "ATERlll N N 0.19 N N 0.37 0.02 N 0.0
ClItitEA ClItI<fA N N 1.80 N N 1.50 0.05 N 0.0
ClItI<fA ClItI<fR N N 1.60 N N 1.60 0.05 N 0.0
ClItI<EA CLItI<fR N N 2.10 •• N 1.60 0.05 N 0.0
FINISH fiNISH N N 2.00 N N 1.80 0.04 N 0.0
FINISH fiNISH N N 2.00 N N 1.70 '.06 N 0.0
FINISH flNI," N N 2.10 N 0.03 1.50 0.06 N 0.0
FINISH fiNISH N N 2.01 N N 1.61 0.07 N 1.0
FINISH fiNISH N N 1.90 N N 1.70 0.06 N 0.0
"IX ClItI<fR '1N1SIf N N Z.OI N H 1.70 1.07 N 1.0
"IX CLItI<EA flNISit H N 2.00 N N 1.6' 0.06 N 0.0
"IX ClItI<fA fiNISH N N 1.81 N H 1.6' 0.06 N 0.0
"IX ClItI<ER fiNISH N N 2.10 N N 1.10 0.05 N 0.0
"IX CLItI<EA fINISH N N 1.90 N H 1.70 0.07 N 0.0

l:­
ll'



Table 14
ENVIR~EHTAL INVESTIGATIONS BRANCH

CEHEHT WORKERS MORBIDITY STUDY
CALIFORHIA CEHEHT COLTm•• CALIFORHIA

sox COHCEHTRATIONS

JOB DATE SHIFT AREA S04_UGHl SOl_UGHl SOl_PPH

BACK END Of kilN 070EC81 r RAW H H H
BACK END Of KILN 070Ee81 2 RAW H H 0.01
BlCI< END Of KILN !!lDEC81 ! PAW l~"~' N c.C!

~.....



EHVIROHHEHTAl IHVESTIGATIOHS BRANCH

Table 15 CENENT WORKERS neRBIOITY STUDY
CALIFORNIA CE"ENT COLTOH. CALIFORNIA

H02 CONCENTRATIONS IN PP"

.lOB DATE SHIFT AREA CONe

8ACKGRIUI) 080EC81 1 BACKGRIUI) 0.06
BACKGRIUI) 09OEC81 1 BACI<GRoutlO 0.08
rU.CKGP.Ol!t·!) !OD~C8! ! BACKfiRet..:; ~ ~A....-
LABORER (QUARRY. 080EC81 1 RAW 0.02
TRUCK DRIVER (LIttE PLANT. 080EC81 1 RAW 0.02
DRillER 080EC81 1 RAW 0.01
PRlmRY CRUSHER OPERATOR 080EC81 1 RAW 0.0]
FRONT Etit LOADER 080EC81 1 RAW 0.02
QUARRY TRUCK DRIV£R 080EC81 1 RAW 0.02
WATER TRUCK OPERATOR 09OEC81 1 RAW 0.04
BAGGING (lI"E J 09OEC81 1 RAW 0.01
POWDER UttfSTONf OPER 09OEC81 1 RAW 0.06
QUARRY TRUCK DRIVER 100EC81 1 RAW 0.06
DRILLER 100EC81 1 RAW 0.01
FRONT EtII LOADER 10DEC81 1 RAW 0.01
fRONr EtII LOADER IODEC81 1 RAW 0.08
OILER (SHOVELJ 10DEC81 1 RAW 0.03
KILN HELPER 080EC81 1 ClItI<ER 0.06
KILN HELPER 09OEC81 1 ClItI<ER 0.19
UTILlYI1AH (flHI!IH J 080EC81 1 fINISH 0.04
CLEAN UP 080EC81 1 fINISH 0.03
BULK LOADER 09O(C81 1 fINISH 0.04
PACKER UOfC81 1 fINISH 0.13
FORKLIFT OPERATOR .flNISH. 09OEC81 1 fINISH 0.12
FORKLIFT OPERATOR • FINISH J 100EC81 1 FINISH 0.12
REPAlR"AN 080EC81 1 "IX 0.01
OILER (GENERAU 08oEC81 1 "IX 0.05
VACUlIt TRUCK DRIV£R 080EC81 1 "IX 0.01
YARD WDRI<ERS 09OEC81 1 "IX 0.11
VAClUt TRUCK DRIV£R 09OEC81 1 "IX 0.09
DUST COllECTOR 09OEC81 1 "IX 0.04
DUST COllECTOR lOoEC81 1 mx 0.05
OILER (GEUERALJ 10oEC81 1 "IX 0.08
WELDER 10DEC81 1 mx 0.06
BULK LOADING SILOS 08oEC81 1 fINISH 0.01
BULK LOAD SCALEHOUSE 08oEC81 1 fINISH N
mIHTENAtltE SHOP lOoEC81 1 "IX 0.02

~
(X)



Table 16

Environmental Investigations Branch
Industr.ial Hygiene Survey of Cement Workers

California Cement, Colton, California

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

Date Area CO NOx N02

Dec. 8 Bulk load platform for Nt) ND Nt)

transport trucks Nt) 0.5 Nt)

Nt) Nt) Nt)

Parking area -forklifts Nt) Nt) Nt)

are operating 5.0 4.0 2.0
Nt) 2.0 0.5

Around raw mill dryers Nt) Nt) Nt)

ND Nt) Nt)

Primary crusher Nt) ND ND
trucks dumping Nt) Nt) Nt)

Lime bagging area ND 0.5 Nt)

forklifts operating Nt) Nt) Nt)

Dec. 9 Bulk load platform for 6.0 2.0 0.2
transport trucks (3
trucks being laoded)

Dec. 10 bw aill dryera 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

BCl N113

Dee. 10 In lab when
chemi.t doing vet 1.0 5-15
chemical analy.i. 2.0 20-25

1m Nt)

49
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Physiological Response

The main function of the lungs is to keep the oxygen and carbon dioxide

content of the arterial blood within a certain narrow range. In order to

accomplish this, the lungs must bring the blood in contact with the air. The

lungs are ventilated by a bellow. action, when the chest cavity i. expanded by

the contraction of the diaphragm. Thi. creates a negative pressure in the

lungs causi'[lg air to rush in.

When a perll::ln breathes, air is drawn through the no.e into the nasopharynx and

trachea. F:~om there it reache. the alveoli or area of gas exchange through a

syltem of dl1cts: the bronchi, respiratory bronchiole., and the terminal

bronchioles. It i. in the alveoli where the blood i. oxygenated and carbon

dioxide diffuses into the lungs to be excreted. Depo.idon of airborne

particles o(:cur. as a con.equence of .ev~al different phy.ical proce••es. Of

primary con(~ern are .ediantation, inertial tapactton, and diffusion.

Sedimentatic)n is .imply the .ettling out of particle. onto re.piratory tissue

under the ixuluence of gravity. Inertial i.paction occur. when the mountum

of particle~l being carried along in an air current carries them along their

original path when the air current change. direction. The particle...y then

be depositec:l on the aurface of reapiratory tiaaue. lalide••edi.entatlon and

impaction, ~~ry ...11 particle. are affected by diffu.ion. Since .oveunt of

811811 parttc:~l.a in air 11 coapleeely rand01l, tho•• that are in close proximity

to the alvec:llar wall are likely to collid. with it and hence be depodted. (15)
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In order to remove particle. from the re.piratory .y.tem. two .eparate

..chani.m. are pre.ent. Tho.e partlcle. depo.ited In the upper airway. are

removed by the aucoclliary e.calator. In the upper airway. there i. a .erie.

of tiny ha1,r. or cilia which are continually .we.pinl aucoul and particle.

upward toward the throat. The aucoUI provide. a .ticky layer to capture and

hold the particulate. while the cilia remove it from the re.piratory .y.tem.

In the teninal bronchiole. and the alveo11. depodted uterial 11 removed by

phalocyte.; or cell. which actually conaume the particle. aDd dile.t the••

'robl... ari.e. however. when the re.piratory .y.te. 1. overcOlle. Vbenev.r

there i. a h11h concentration of duet. the aucociliary e.calator aDd the

pbalocyte...y DOt be able to re.ove all of the particle.. Al.o. the

particle•••y po..... unique propereie. which prevent the natural defena.. of

the lunl fr.'om el1a1natina tha.

It 11 the intent of thi••tudy to deteraille vh1ch ..teriel...y 'be toxic to

the re.plratory .y.t... and what concentratioD ancl duration of expo.ure ..y

produce ph".lololical chanae••


