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EXECUTIVE SUMMARY 

, Although considerable research has been done on grain dust exposure and health effects, 
past studies have had significant limitations. The objective of this study was to conduct the 
most comprehensive examination of this issue to date focusing on grain dust exposure, the 
prevalence of respiratory disease in grain workers, and an analysis of whether a dose- 
response relationship exists. 

This study consisted of environmental measurements and employee health medical screenings 
conducted in 1989 and 1990 at 43 grain elevators, including country elevators, terminal and 
export facilities, throughout the U.S. The elevators included were handling all types of 
grain, with corn, wheat and soybeans being the most dominant. Median dust exposure level 
for 455 personal and area samples, the majority taken for more than five hours during the 
workshift, was 1.8 mg/m’. Over 80 percent of all personal dust exposures were less than 10 
mg/m’ (OSHA’s standard for wheat, oats, and barley), but 51% of the 43 facilities were 
found to have at least one measurement exceeding 10 mg/m’. There was significant day-to- 
day variability in the dust levels to which individual employees were exposed. The types of 
grain handled and the presence of engineering controls had a measurable impact on exposure 
levels. No significant differences were apparent in dust exposure levels for different regions 
of the U.S. 

I‘ 

Medical evaluations consisting of a respiratory questionnaire, job and health history, 
examination of the chest, examination of the upper respiratory system, and pulmonary 
function testing were conducted on 427 grain elevator workers. Comparison of the health of 
grain elevator workers with community and industrial data showed that the rates of chronic 
bronchitis and abnormal pulmonary function were not higher than usually encountered in 
other populations. The prominent factor affecting the prevalence of symptoms and abnormal 
pulmonary function findings was smoking history. There was a high correlation of 
prevalence of symptoms of cough, chronic bronchitis, chest tightness, and shortness of 
breath with smoking. Current dust exposure level appeared to have no relationship to 
pulmonary function decline during the shift. Likewise, levels of endotoxins, bacteria and 
fungi were found to be insignificant. 

To measure the potential long-term effects of dust exposure, an exposure index, representing 
years worked and estimated exposure levels for past job functions was used. To our 
knowledge this is the first such study to develop an exposure index for large numbers of 
employees based upon actual environmental sampling and job history. It was found that 
long-term grain dust exposure may result in mild chest symptoms, especially tightness and a 
mild decline in pulmonary function. There appeared to be little evidence of influence of 
grain dust on respiratory health until the higher exposure indices were reached, and these 
may be due to higher exposures in the past. 

i 
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SECTION 1 

INTRODUCTION 

,, . 

i 

l i  

Over the last twenty-five years considerable research has been done on the health effects of 
grain dust, particularly as it affects the respiratory system. While these studies have added to 
our knowledge about the health effects of grain dust, they have significant limitations. Most 
have been conducted at large export elevators and did not include workers at inland terminal 
and country elevators where conditions and exposures may be different. Much research on 
grain dust has been done outside the U.S. or in limited geographic areas within the U.S., and 
has not addressed the potential for regional differences. Most research to date has  involved 
worker exposure to a limited number of grains, particularly wheat, and has not considered the 
variety of grain which may be encountered by elevator workers. No cross-sectional studies 
have been conducted to determine the levels of dust to which elevator workers are exposed and 
the variation of these dust levels with elevator parameters. Finally, very few studies have 
attempted to correlate respiratory effects with dust exposure levels. 

To address some of these limitations and to better understand dust exposure and related health 
effects in the grain handling industry, the National Grain and Feed Association (NGFA) 
sponsored a study of worker exposure to grain dust in the U.S. The overall goal of this study 
was to obtain current, objective information on the levels of dust to which grain elevator 
employees are exposed and the health status of such employees with emphasis on pulmonary 
function. The scope of the study was limited to grain elevators and did not include grain dust 
exposure in other settings such as fanning or processing. It involved visits to randomly selected 
grain elevators in the U.S., during which exposure and medical monitoring were done. All 
types of grain were included. 

Primary scientific objectives of the study were: 

1. To determine the prevalence of respiratory disease in grain workers for 
comparison with the general population and between industry segments. 

2. To measure grain dust exposure as a function of job category in different industry 
segments and, if possible, by type of grain handled. 

To establish a dose-response relationship, if any, between level of dust exposure 
and acute and chronic respiratory effects. 

3. 

Secondary scientific objectives were: 

1. To assess the variability in dust exposure level, acute respiratory response, or 
prevalence of respiratory disease among workers handling different grains. 

To examine the variation of dust exposure level with work habits and engineering 
controls at different facilities. 

To determine whether there is regional variability in dust exposure level and 
prevalence of respiratory disease within the U.S. and between the U.S. and other 
countries where similar data are available. 

2. 

3. 
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Other objectives included establishing a reference database so individual facilities and companies 
can compare their situation to the industry profile. 

i 
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SECTION 2 

METHODS 

2.1 Selection of Elevatoe 

To meet study objectives, statistically valid comparisons of respiratory health status 
among various exposure groups and industry segments were necessary. It was also 
essential to account for confounding factors such as smoking. Based on these 
considerations it was estimated that approximately 600 grain workers should be included 
in the study. Elevator selection methodology was designed to try to obtain this response 
level. 

The Occupational Safety and Health Administration (OSHA) has estimated that as of 
1981, there were approximately 14,000 grain elevators with 85,500 full-time equivalent 
employees in the U.S. The numbers by industry segment were estimated as follows: 

Elevator tvDe Facilities 

Country elevators 13,200 
Inland terminals 700 
Export terminals 75 

Emulovees 

70,800 
9,800 
4,950 

Based on these.estimates and approximately equal number of employees selected from 
each industry segment, the necessary number of elevators for inclusion in the study 
was calculated to be: 

Country elevators 
Inland terminals 
Export elevators 

38 
14 
3 

Specific grain elevators were selected from the following lists: 

1. Export terminals were randomly selected from the list of 82 facilities contained 
in the Exmrt Elevator Directory dated January, 1989 published by the U.S. 
Department of Agriculture, Federal Grain Inspection Service. Fifteen elevators 
were chosen. Of these, two did not meet the selection criteria since they were 
floating elevators and four were not currently operating. Of the remaining nine, 
six were contacted and three agreed to participate. 

Inland terminals were selected from the list of facilities contained in the 
Grain Guide -- North American Grain Yearbook published by Milling & Baking 
News, Shawnee Mission, Kansas. This list contained port, river, terminal, and 
subterminal elevators. After deletion of export terminals, twenty-nine terminal 
elevators were randomly selected from a universe of 786 facilities. Of these, 
twenty seven were contacted and fifteen agreed to participate. 

2. 
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3. Country elevators were selected from the most complete list of grain elevators 
publicly available - the Grain Directow -1989 Directow of U.S. Grain elevators 
published by the Grain Journal, Decatur, Illinois. After elimination of 
duplications from the above lists of export and inland terminal elevators, 8570 
facilities remained from which 104 elevators were randomly selected. Of these, 
eighteen were primarily feed mills and sixteen were not currently operating or 
had only a single, part-time employee. Seventy country elevators were contacted 
and twenty-three agreed to participate. 

Initial contacts with selected elevators were made by NGFA representatives through 
corporate members, state grain and feed associations, and directly by telephone. The 
initial contact was followed by a letter describing the study along with a question-and- 
answer flyer and employee brochure. Counsel for the NGFA assured the association and 
all participants that the study was being conducted at his request, that each elevator’s 
results were confidential, and that the entire study may also be confidential. As the 
study progressed it became apparent that a lower number of employees were being found 
at each elevator than expected. This became particularly problematic with export 
elevators. In consultation with NGFA, two additional export elevators willing to 
participate in the study were identified and included. A total of 43 elevators ultimately 
participated in the study, including fewer country elevators and more inland terminal and 
export elevators than initially sought. The distribution by industry segment is shown in 
Table 2-1. Although overlaps in capacity and number of employees occurred between 
industry segments, the trend in average storage capacity and number of employees was 
as expected. The average number of employees per elevator was less than the OSHA 
estimate in all three industry segments, particularly in terminal and export elevators. 
The geographical distribution of elevators included in the study is shown on Table 2- 
2. Regional distribution was representative of the U.S. distribution. More facilities than 
expected were included from the Central and Southwest regions and slightly fewer from 
other regions. The method used for selecting elevators did not permit selection by type 
of grain handled. The wide regional distribution of elevators selected did ensure that 
a variety of grains would be included. 

2.2 Scheduling 

All elevator visits were scheduled for Mondays or for the day after a holiday. The 
reason was to increase the likelihood that employees would have a period away from 
grain dust exposure prior to pulmonary function testing. For elevators operating seven 
days per week, the best possible day was scheduled based on a pre-visit telephone 
contact. 

Smaller grain elevators are highly seasonal in their work. An attempt was made to 
visit each elevator during peak harvest season. Where corn was the primary grain 
handled visits were made during the fall. Wheat visits were made during the summer. 
Larger elevators which operate all year were scheduled as convenience would allow. 

2.3 Medical Evaluatiow 

Medical evaluations consisted of a questionnaire, pre-exposure and post-exposure 
pulmonary function testing, and a limited examination by a nurse. These evaluations 
were done on all employees present at the elevator on the day of the visit who were 
willing to participate. By industry segment the participation of grain workers was as 
follows: 

5 



Number of Number of 
employees employees 
oresent evaluated 2zL 

Country elevators 117 106 90.6 
Terminal elevators 120 106 88.3 

TOTAL 549 427 77.8 

Export elevators - 312 215 w 

The lower participation rate in export elevators was due to not evaluating all office 
employees, higher refusal rates, and not being able to test third shift employees at one 
facility. The participation of employees who actually handled grain was higher than the 
percentages shown above. 

An information packet was provided to each elevator just prior to the scheduled visit 
(Appendix A). This included an instruction sheet for employees which management 
was asked to distribute. Employees were instructed not to eat or smoke for one hour 
prior to reporting to work. A pulmonary function test site was identified and employees 
were asked to report to this site for testing prior to begjnning their daily activities. 
Medical consents were obtained and preexposure pulmonary function tests administered. 
Employees were then permitted to proceed to their work areas. Four to six hours into 
the work shift employees were asked to return to the test site one at a time. Post- 
exposure pulmonary function tests were done and respiratory questionnaires completed 
until all employees participating had been tested. 

The questionnaire used is shown as Appendix B. It is a modified version of the 
questionnaire recommended by the British Medical Research Council. An effort was 
made to obtain a complete work history and to identify other lifestyle factors which 
could affect pulmonary function status. The questionnaire was administered one on 
one by a nurse or technician trained in the technique. 

Questionnaire responses were graded as follows: 

Q&&l 

1. 

2. 

Do you usually cough (on getting up) first thing in the morning? 

or, Do you usually cough during the day or at night? 

If either was answered yes - then 

Do you cough like this on most days for as much as three months a year? 3. 

If either 1 or 2, and 3 were answered yes, the person was graded as having a chronic 
cough, herein identified as "cough". 

Chronic Bronchitis 

1. 
2. 

Do you usually bring up any phlegm from your chest first thing in the morning? 
Do you bring up phlegm from your chest during the day or at night? 

6 



If either 1 or 2 was answered yes, then ... 
Do you bring up phlegm like this on most days for as much as three months 
each year? 

How long have you had this phlegm? 

3. 

4. 

A "yes" answer to 1 or 2 and a "yes" answer to 3 with question 4 answered two years 
or longer constituted a designation of chronic bronchitis. Cough or chronic bronchitis 
was designated for those who had either a chronic cough or chronic bronchitis. 

Tiehmes 

Chest tightness was graded yes or no in response to the question "Does your chest ever 
feel tight or your breathing become difficult?" 

In addition, the person was asked if the tightness was present on any particular day of 
the week, and if so, which day? 

Dvsunea 

Dyspnea or shortness of breath was graded as follows: 

1. 

2. 

3. 

4. 

Are you ever troubled by shortness of breath when hurrying on the level or 
walking up a slight hill? 

If "No", grade as 1. If "Yes", proceed to next question. 

Do you get short of breath walking with other people at an ordinary pace on 
the level? 

If "No", grade as 2. If "Yes" proceed to next question. 

Do you have to stop for breath when walldng at your own pace on the level? 

If "No", grade as 3. If "Yes", proceed to next question. 

Are you short of breath on washing or dressing? 

If "No", grade as 4. If "Yes", grade is 5 .  

Smoking 

Smoking questions were graded as follows: 
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1. Do you smoke? Record "Yes" if a regular smoker up to one month ago - "Yes" 
designates "current" smoker. "No" is a non-smoker, and "ex-smokers'' are those 
stopped for at least one month and who have smoked as much as one cigarette 
per day, or one ounce of tobacco a month for as long as one year. Pack years 
were obtained by multiplying the current number of packs per day by the years 
of smoking cigarettes. 

Other questions pertaining to health, occupation, years exposure on grain elevator jobs, 
chest illness, and physical examination are listed on the questionnaire and were answered 
appropriately. 

Pulmonary function tests were administered by technicians or nurses who had 
successfully completed a NIOSH-approved spirometry course. Puritan Bennett Model 
900 microprocessor spirometers were used. The spirometers were calibrated prior to 
use each day with a Puritan Bennett 3-liter calibration syringe. The best of three efforts, 
the best two of which had to be within ten percent of each other, were used to evaluate 
the pulmonary function status of each employee. Pre-exposure test results were 
compared with general population data (Knudson data) as a function of age, height, sex, 
and race for indications of chronic respiratory disease. Post-exposure test data were 
compared with pre-exposure data for the same individual for indications of acute effects 
from dust exposure during the work shift. A ten percent change between pre- and post- 
exposure test data was considered significant. 

Pulmonary function test parameters obtained were as follows: 

FEVlB . _  Forced expiratory volume in one second before shift 

FEV 1 A - Forced expiratory volume in one second 4-6 hours after start of 
Shift 

FVCB - Forced vital capacity before shift 

FVCA 

FEVlBCOR - FEVl before shift corrected to age 40 

FEVlPPB - FEVl predicted percent before shift 

FEVlPPA - 

- Forced vital capacity 4-6 hours after start of shift 

FEVlB + FEVl predicted (Knudsen) x 100 

FEVl predicted percent 4-6 hours after start of shift 
FEVlA t FEVl predicted (Knudsen) x 100 

FVCB + FVC predicted (Knudsen) x 100 

Forced vital capacity predicted percent 4-6 hours after start of 
shift 
FVCA f FVC predicted (Knudsen) x 100 

FEVlB + FVCB x 100 

FVCPPB - Forced vital capacity predicted percent before shift 

FVCPPA - 

RatioB - Ratio of FEVl/FVC before shift 

a 



, 

RatioA - 

FEF2575B - 

FEF2575A - 

DFEV 1 - 

DFEV 1P - 

Ratio of FEVUFVC 4-6 hours after beginning of shift 
FEVlA f FVCA x 100 

Percent predicted maximum mid expiratory flow during the middle 
half of the FVC before shift 
FEF2575 f FEF2575 predicted (Knudsen) x I00 

Percent predicted maximum mid expiratory flow during the middle 
half of the FVC 4-6 hours after the beginning of the shift 
FEF2575 + FEV2575 predicted (Knudsen) x 100 

The change in FEVl before shift compared to 
4-6 hours after the beginning of the shift 

The percentage change in the FEVl before shift compared to 
FEVl after beginning of shift 

FEVlA - FEVlB 

DFEVIP = ((FEVlA - FEVlB)/FEVlB) x 100 

Initial data collection at each elevator was followed with a visit by an occupational 
health nurse. The purpose of this visit was to review the results of pulmonary function 
testing and to conduct a limited medical examination. This examination consisted of 
observations of the nose and throat, listening to the heart and lungs, measuring blood 
pressure, and soliciting additionalhformation as necessary. Particular attention was paid 
to signs of chronic respiratory disease such as wheezing and des. Responses to the 
questionnaire were reviewed. Employees were provided with a summary report of the 
findings. 

2.4 Dust Exuosure Monitoring 

Employees were selected randomly for dust exposure monitoring. In smaller facilities 
with fewer than ten employees all were included. At larger facilities one employee in 
each job category and duplicates up to ten were selected at random. Full-shift, personal, 
total dust measurements were the sample type of choice in this study since the focus was 
on health effects rather than engineering controls and permissible exposure limits for 
grain dust are based on total rather than respirable dust. Sampling devices, consisting 
of a collection filter in a closed-face cassette connected to a portable air sampling pump, 
were placed on employees immediately after pulmonary function testing and removed 
just prior to the end of the work shift. Stationary area samples were used to represent 
employee dust exposure in offices and control rooms where mobility was limited. 

Grain dust measurements were made in a manner similar to NOSH Method 0500 for 
total nuisance dust. Metricel VM-I polyvinyl chloride filters were preweighed to the 
nearest microgram on a MettIer M3 microbalance. These filters were then placed in 
three-piece cassettes. During sampling air was drawn through the filters with the 
cassettes in a closed-face configuration using Gilian or SKC sampling pumps at flow 
rates of approximately 2.0 L/min. These pumps have electronic feedbacks which 
compensate for flow reductions caused by dust accumulation during sampling. Flow 
rates were calibrated both before and after sampling with a representative filter in line 
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using an M30 miniBuck calibrator. After sample collection the filters were returned to 
the laboratory, equilibrated overnight, and reweighed. Five filters through which no air 
was drawn were weighed and reweighed with the samples. The average weight change 
of these filters - generally less than 20 micrograms - was used as a blank correction in 
calculating dust levels. 

Size selective dust measurements were made using a 4-stage Marple cascade impactor. 
This device provides cut-points of 20, 15, 10, and 3.5 micrometers. One measurement 
per elevator was made, and the employee expected to have the highest dust exposure was 
generally selected to wear this sampler. As recommended by the impactor manufacturer, 
Mylar plates were sprayed with silicone before preweighing and placement in the 
impactor. The final stage was a preweighed filter. A flow rate of 2.0 Umin was used 
and calibration was done using a sealed can with the miniBuck calibrator. After 
collection the plates and filter were reweighed and percentage of dust in each size range 
calculated. 

2.5 Owratine Characteristics and Observations 

Operational characteristics of each elevator were determined by interviewing the facility 
manager. Observations and judgments were made on work practices, engineering 
controls, and respiratory protection during each visit for correlation with dust level 
measurements. The data were collected on the forms in Appendix C. 

2.6 Detailed Exoosure Studiq 

At twelve facilities - three country elevators, five inland terminals, and four export 
elevators detailed exposure studies were done. This included taking consecutive-day 
samples to determine interday variability of dust levels and short-term peak samples for 
intermittent operations. One direct reading instrument - the Handheld Aerosol Monitor 
(HAM) from PPM, Inc.,, Knoxville, TN -was evaluated in comparison to personal and 
area samples. Administrative and engineering controls used to reduce employee 
exposure to grain dust were carefully reviewed. 

2.7 Endotoxin Measurements 

Endotoxin levels were measured on approximately one-half of the personal and area 
dust samples taken. Samples were submitted to the University of North Carolina School 
of Public Health where they were analyzed under the direction of Dr. Janet Fisher. The 
limulus amoebocyte lysate (LAL) method was used to determine lipopolysaccharide 
(LPS) content. Filters were suspended in endotoxin-free water, mixed, and serially 
diluted into microliter plates with LAL. The plates were incubated at 37 C for 60 
minutes before toluidine blue dye was added. Changes in the color of the dye were read 
after five minutes. No change indicated a positive test. Titration of a lysate of known 
sensitivity provided a measure of the endotoxin content. Both positive and negative 
controls were run with the samples. 

These samples were also analyzed for bacteria and fungi by inoculating appropriate 
growth media in Petri dishes with serially diluted filter extracts. After incubation counts 
were obtained for non-thermophylic Actinomycetes, Bacillus species, Gram-positive 
bacteria except Bacillus, Gram-negative bacteria (rods only), and fungi. 

10 



2.8 Qualitv Assurance 

I: 

A quality control manual was prepared prior to initiation of data collection for the study. 
It detailed the forms, techniques, and questionnaire to be used; how data were to be 
obtained, processed, and reported; what corrective actions would be taken if problems 
were encountered; and who had responsibility for each aspect of the study. A 
preliminary visit was made to an elevator not included in the study to familiarize field 
personnel with the processes and terminology they would encounter. Initial field visits 
were made by teams of two or more until each person was thoroughly familiar with the 
study requirements. 

2.9 Confidentiality 

All elevators and grain workers were promised confidentiality. A system was established 
to assure that medical records were maintained in a confidential manner. All data are 
aggregated for reporting purposes and individual elevators are identified only by 
numbers. 

2.10 

All data obtained during the study were entered into a computer data base. Entries 
were checked and rechecked for accuracy and completeness. Statistical analyses were 
performed using the ABstat statistical analysis software package from Anderson-Bell 
Corporation, Parker, Colorado. Descriptive statistics, correlations, T-tests, analysis of 
variance, cross-tabulations with Chi square test, simple and multiple regression analysis 
.were obtained directly from the data. 

! 
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SECTION 3 

I .  

I 

3.1 u q  of am I 

A total of 455 dust level measurements were made during this study. The majority of 
these were personal samples (63%) or stationary area samples (25%). Almost all of the 
samples (87.9%) covered more than 300 minutes of the work shift. The samples were 
evenly distributed by industry segment (Table 3-1). Samples taken in each job category 
are shown on Table 3-2. Area samples were used extensively in office areas to represent 
employee exposures. For other job categories personal samples were emphasized. 

3.2 Distribution of Dust Level Measurements 

As shown on Figures 3-1 and 3-2 results of personal and area samples collected during 
the study were distributed lognormally. Simple arithmetic means could not be used for 
data analysis since they tended to be influenced greatly by a small number of high level 
measurements. The median, or geometric mean, is a more descriptive measure for 
lognormally distributed data and was determined for each data set. Also, since the 
Threshold Limit Value (TLV) for wheat, oats and barley is 4.0 mg/m’; the OSHA 
permissible exposure limit (PEL) for wheat $ats, and barley is 10 mg/m’; and the PEL 
for corn and other grain dusts is 15 mg/m , the cumulative percentages of samples 
exceeding each of these levels were determined. Finally, two distribution parameters, 
the mean and standard deviation, were estimated using the following formulas: 

Estimated mean = fi = exp (y + ~’12) 

Estimated standard deviation = fi (exp (s’) - 1)” 

where y = 1 E In x, 
n 

n i = l  

n 

n-1 i-1 
s’ = 1 E (In x, - y)’ 

xi = dust level for i th sample 

The data are summarized by type of sample in Table 3-3. 

Area samples had a smaller range and lower median level than personal samples. This 
was due to the large number of area samples taken in offices and control m m s  which 
tended to be less dusty than other areas of the elevators. Total dust measurements using 
impactors had a systematic high bias when compared to filter cassette samples (see 
Section 3-9), so these were not used for data analysis. 
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3.3 Dust Level bv Tndustrv Segment 

The results of dust level measurements by industry segment are shown on Table 3-4. 
Median dust levels were approximately the same in each segment when only personal 
samples are considered. When both personal and area samples are considered, median 
dust levels in export elevators are higher than those in country and terminal elevators. 
This is an artifact attributable to sample selection. More area samples were taken in 
office areas at country and terminal elevators, whereas more area samples were taken 
in grain handling areas at export elevators as part of detailed studies. Thus, it appears 
that there is little, if any, significant difference in median exposure levels among industry 
segments. 

When estimated mean levels were compared, terminal elevators showed significantly 
lower dust levels than country and export elevators regardless of sample type. This 
appeared to be due to a smaller number of high level measurements in terminal elevators 
compared to other industry segments. The percentage of dust level measurements 
greater than 10 and 15 mglm was significantly greater in counuy elevators than in 
terminal or export elevators. The reamn for this is unclear. 

3.4 Dust Level bv Job Category 

As shown on Table 3-5, median dust lev$ by job category ranged from 0.18 mg/m’ 
for Control Room Operators to 8.88 mg/m for Basement Floor Operators. As expected, 
those jobs with limited grain contact - Clerical/QA/Laboratory, Control Room, and 
Manager - had the lowest dust exposures. SupervisorslForemen had significantly higher 
dust exposure levels than Elevator Managers. This is because SupervisordForemen 
generally had some responsibilities in the elevator itself whereas Elevator Managers do 
most of their work in the office. Receiving/Inspection and MaintenancdElectrical 
employees tended to have the lowest dust exposures of employees working in and around 
the elevator. Receiving/Inspection included employees who work in booths and others 
who work in open areas, both of which reduce potential exposures. 
Maintenance/Electrical employees are highly mobile and often move to areas with lower 
dust levels for pomons of the work day. The significance of high dust levels found for 
Basement Floor Operators is limited by the small number of samples. A substantial 
number of Grain Handlers - General employees have exposures above 10 and 15 mg/m’. 

A breakdown of dust levels by job category in various industry segments is shown on 
Table 3-6. Due to the small number of employees at each facility, grain handlers were 
generally not assigned to specific jobs in country and terminal elevators. Specific 
assignments which permitted breakdown by job category were made in export elevators. 

Relationships in each segment are the same as those noted for the study as a whole. 
It is interesting to note that the median dust level for Basement Flwr Operators in 
export elevators (Table 3-6) is lower than the industry as a whole (Table 3-5). This is 
due to a single high sample from a terminal elevator. Very high dust levels were seen 
in Grain Handlers - General in export elevttors. However, the 40% of this category of 
workers having exposures above 15 mg/m represents only four workers. Employees 
in this category in large elevators are frequently laborers who are assigned to a variety 
of tasks, many of which involve significant dust exposures. Considering all grain 
handlers, export facilities had 13.3% with exposures above 10 m g h ’  and 10% with 
exposures above 15 mg/m’. 
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3.5 Dust Level bv TvDe of Grain Handled 

The type of grain handled by the elevators was divided into two basic groups which 
depended upon the geographic location and season of the year in which an elevator was 
visited. The first group - 23 elevators - handled corn only, soybeans only, corn and 
soybeans, or both along with milo. The second group - 14 elevators - handled wheat 
only or wheat in combination with oats, barley, or milo. Five elevators handled both 
types of grain during the visit. One facility was not handling grain during the visit. 

Dust levels by type of grain handled are shown on Table 3-7. Dust levels for elevators 
handling corn/soybeans appear to be slightly higher than for those handling wheat. Corn 
tends to release starch and “bees wings” which may cause airborne dust. Elevators 
which handled both types of grain had significantly higher dust levels. This is probably 
related to larger volumes of grain handled in these elevators. 

3.6 Dust Level and Eneineerine Controls 

Engineering controls found at the elevators visited ranged from ”none” to very extensive. 
Each elevator was classified on the basis of the engineering controls for dust as follows: 

None No cyclone or fabric filter present 

Limited Cyclone or baghouse dust collector with exhausted elevator legs and/or 
receiving pit. May have remote control for truck dump. 

Extensive Above plus covered conveyor belts, exhausted transfer points, and 
enclosed control booths. 

There are other dust control techniques such as building enclosures and choked feeding 
that are not considered in this analysis. Dust levels in relation to the above three 
classifications are shown on Table 3-8. Elevators with no dust control equipment have 
a slightly higher percentage of dust measurements exceeding 4, 10, and 15 mglm’ and 
higher estimated mean dust levels. These data do not reveal the interaction of dust level, 
engineering controls, and volume of grain handled. It may be that in larger elevators 
engineering controls are necessary to counteract larger dust emissions caused by handling 
larger volumes of grain. This observation is confirmed by the trends seen in Table 3- 
9. The percentage of dust measurements exceeding 4 mglrn’ and estimated mean dust 
levels are reduced in country elevators which have limited engineering controls in 
comparison to those with none. Terminal elevators with more extensive engineering 
controls had a lower percentage of samples exceeding 4 mglm’ and estimated mean dust 
levels. Export elevators with extensive controls were similar to terminal elevators with 
limited engineering controls and country elevators with no controls relative to median, 
estimated mean, and cumuiative percentage greater than 4 mg/m’ dust levels. 

3.7 Dust Level and Oil Additive Usape 

Thirteen of the 43 elevators studied used an oil additive to control dust. Mineral oil 
was the oil of choice in a l l  cases and application rates were approximately 1.0 gallons 
per loo0 bushels of grain. The effect of oil usage on dust levels is shown on Table 3- 
10. When all elevators are considered together no effect was apparent. For country and 
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export elevators considered separately use of an oil additive did appear to reduce dust 
levels. However, the reverse trend was Seen in terminal elevators. 

The combined effect of oil additive usage and engineering controls was examined (Table 
3-11). Where engineering controls were not present or were limited, oil additive usage 
appeared to reduce median and estimated mean dust levels. The effect was pronounced 
for those elevators without engineering controls. However, oil additive usage did not 
appear to be beneficial where extensive engineering controls were present. 

3.8 Resoirable Fraction of Dust 

A total of 59 impactor samples were taken during the study to determine the respirable 
fraction of the dust collected. The percentage of grain dust less than 10 micrometers 
in aerodynamic diameter is summarized by industry segment on Table 3-12. An average 
of 20 to 25 percent of the dust was found to meet this criterion as the respirable fraction. 
There was little variation of the respirable fraction by the type of elevator from which 
samples were taken. As shown on Table 3-13 there was significant variation in 
respirable fraction of the dust for different types of grain. Wheat and related products 
tended to be more respirable. 

3.9 

Total dust exposures from impactor measurements were determined by adding together 
the quantity of dust collected on each impactor plate with that found on the backup filter. 
In 34 cases simultaneous measurements were made by having an employee wear two 
samplers, one with a filter cassette for dust collection and the other an impactor. Data 
from these 34 measurements are shown on Table 3-14. There was a high degree of 
correlation between the two methods of total dust measurement (Correlation coefficient 
= 0.85) and a low probability that this correlation was due to chance (<O.OOOI). 
However, the data indicate that there is a systematic bias with the impactor samples 
showing higher total dust levels in 28 out of the 34 measurements. For this reason, and 
considering the fact that filter cassette sampling is considered to be the standard method, 
impactor total dust measurements were not used for exposure monitoring data analysis. 
In seventeen w e s ,  however, the only measurements of employee dust exposure available 
were impactor sampling results - no simultaneous filter cassette samples were taken. In 
these cases, impactor results were used in analyzing the relationship between exposure 
and pulmonary data. (Sections 4.3 and 4.6) 

3.10 Interdav Variabilitv of Dust Levels 

In many cases during detailed studies at the elevators, the same individual wore a 
sampling device for two or three consecutive days. The results of these measurements 
are shown on Table 3-15. They indicate that for a wide variety of jobs in grain 
elevators there is significant day-to-day variability in the dust levels to which an 
individual employee is exposed. In most cases, variations by a factor of 2 to 5 were 
found, but occasionally it was one to two orders of magnitude. 

Regional Variabilitv of Dust Levels 

One of the secondary objectives of the study was to see if there were regional variations 
in dust levels and employee health status. The regional variability of dust levels is 
shown on Table 3-16. In two regions - Northwest and Northeast - the number of 
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samples was too small to draw conclusions. Although some differences were seen in 
the other three regions, factors such as the type of grain handled and the presence of 
engineering controls were probably more important than region in determining dust 
exposure levels. 

Dust Level and Activitv Level 

No data were gathered during the visit on the actual quantity of grain handled on the 
days measurements were taken. It was apparent that exposure levels could vary 
according to the activity level at the elevator (see Section 3.10). Follow up telephone 
calls were made to each elevator visited. The total volume of grain handled on the first 
day of the visit was obtained for 42 of the 43 facilities. This was compared to the 
average dust level of personal samples taken that day at those facilities. A statistically 
significant correlation was found (Correlation coefficient = 0.43, Prob = 0.0047) 
although individual data points were widely scattered. 

Elevator capacity was examined as a surrogate for activity level and compared to the 
average dust level at the elevator. A positive correlation coefficient (0.21) was found, 
but there was a high probability that this was due to chance (Prob-0.175). These data 
suggest that elevator capacity is not a useful surrogate for activity level. 

Dust Levels at  Individual Elevators 

Dust level measurements for individual elevators are summarized on Table 3-17. The 
median and arithmetic mean of all samples taken at the elevator are shown. In additionj 
the median, arithmetic mean, and the number of samples exceeding 4, 10, and 15 mglm 
are shown for all personal samples taken. 

These data show that many individual elevators had low dust levels at the time of the 
visit. Twelve had no personal samples with dust levels greater than 4 mg/m3. The 
converse is also shown. Certain elevators (e.g. Numbers 42, 46, 58, 68 and 85) were 
“hot spots“ with significant numbers of personal samples exceeding 10 and 15 mg/m’. 
Although more than eighty five percent of all samples were below 15 mg/m’ and eighty 
percent below 10 mg/m3, seventeen or 40% of the elevators had one or more personal 
samples exceeding 15 mg/m3 and twenty-two or 51 % of the elevators had one or more 
personal samples exceeding the OSHA permissible exposure limit for wheat, oats, and 
barley dust of 10 mg/m’. Thirty-one elevators or 72% had one or more personal 
samples exceeding the TLV for wheat, oats, and barley dust of 4 mg/m3. 

3.12 

3.13 

3.14 H m  
Eighteen personal samples taken during the study showed dust levels greater than 25 
mg/m3. These were examined to see if there was any pattern (Table 3-18). High dust 
levels were not limited to one segment of the industry. However, a few elevators had 
a higher percentage of such samples than others. Several job categories were 
represented although general grain handlers predominate. Certain activities such cleaning 
out bins and repairing dust collectors, occur sporadically whereas others, such as 
receiving at d and truck dumps, are routine. These data do not reflect whether dust 
masks or other respirators were being used to control actual exposure during these work 
activities. 
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3.15 Endotoxin Levels 

Levels of endotoxin found on samples taken during the study are summarized on Table 
3-19. There was no consistent relationship between endotoxin level and industry 
segment or type of grain handled. Area samples appeared to have lower endotoxin 
levels than personal samples. This may be due to the fact that many area samples were 
taken in offices where dust levels were lower. There was a positive correlation between 
endotoxin and total dust levels (Correlation coefficient 0.41, Prob = <O.oOOl) and 
higher endotoxin levels were associated with higher dust levels. 

3.16 Handheld Aerosol Monitor Readin= 

The Handheld Aerosol Monitor or HAM provides a direct reading of dust level in 
milligrams of dust per cubic meter of air (mg/m?. In several elevators it was used to 
make half-hourly or hourly readings at locations where stationary area samples were 
being collected. The objective was to see if the HAM readings correlated with average 
dust levels as determined by filter cassettes. In general, no correlation could be found. 
For example, at Elevator 31 hourly HAM readings at a truck dump were 0.05, 0.09, 
0.10, 0.05, 0.16, and 0.10 mg/m3 compared to an area sample result of 2.22 mg/m3 at 
the sample location. Similar results were obtained at other locations at Elevator 31 and 
at other elevators. 

Instruments such as the HAM provide instantaneous readings and are useful in examining 
the effects of engineering control changes or different work practices. However, they 
may not be useful in obtaining exposure measurements for compliance purposes. 

3.17 Resairator Usape 

Respirator usage in elevators was assessed by asking each employee tested if they 
typically used a respirator and, if so, what type and how many hours per day; by asking 
the elevator manager if respirators are typically worn at the facility and if there is a 
written program; and by observing actual respirator usage on the day of the visit. Of 
the employees tested, 287 or 67.2% indicated that they typically wear a respirator. The 
most popular types were disposable dust masks ( e.g., 3M 8710, Moldex 2200). 
Employees claimed to wear the respirators up to eight hours per shift with an average 
of 2-3 hours for those responding positively. The majority (53%), however, stated that 
they used their respirator one hour or less per day. This was collaborated by 
management responses and observations. Most elevator managers indicated that their 
employees typically wore respirators only while doing dusty jobs. 

i 
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SECTION 4 

RESULTS - MEDICAL EVALUATIONS 

4.1 General Observations 

Employees from 43 elevators throughout the United States participated. Altogether 427 
employees participated of 549 total employees in the elevators, for a participation rate 
of 78%. Of the number participating, 51 (11.9%) were females and 376 (88.1%) were 
males, 77 (18%) were black and 350 (82%) were white. The mean age was 39.8 years; 
minimum age was 16 years and maximum age was 72 years. The employees were 
distributed among elevator types as follows: Country - 106, Terminal -106, Export - 
215, 

Table 4-1 lists the answers to various medical history questions. It includes the number 
and percent with a positive history of the listed condition. 

The prevalence of cough three months per year, chronic bronchitis, as identified by 
production of sputum three months per year for two years, cough or chronic bronchitis, 
chest tightness, and dyspnea by grade is tabulated in Table 4-2. 

By smoking habit the participating employees included 155 non-smoking employees 
(36.4%), 103 ex-smokers (24.2%), and 168 current smokers of cigarettes, cigars, or 
pipes (39.4%). For cigarettes the frequency distribution of pack years by number of 
employees is summarized in Table 4-3. 

Table 4-4 provides the mean of the pulmonary function measurements of those upon 
whom a valid measurement for that particular test was obtained. To be included, the 
test had to have the two best FEVl tracings within 10 percent. If either the before or 
after test did not meet this criteria, the pair was not included. Altogether 407 pairs of 
tests were used. A separate analysis, not shown in the tables, revealed little difference 
when all tests were used. 

Table 4-5 lists pulmonary function measurements, based upon FEVl before shift by 
category of impairment, with normal being 2 8 0 %  of predicted, mild impairment being 
70 - 80%, moderate impairment 60 - 70%, and severe impairment < 60% of predicted. 
All together 87.7% of the employees tested were in the normal category. While 12.3% 
had some degree of impairment, only 5 (1.2%) had an FEVl of <60% of predicted. 

The prevalence of cough, morning or day, three months out of the year, chronic 
bronchitis as previously defined, cough or bronchitis, tightness in the chest and dyspnea 
grade were evaluated by elevator type. (Table 4-6). Employees at export elevators tended 
to have a lower prevalence of cough and bronchitis than those at country and terminal 
elevators, but the differences were not statistically significant. Terminal elevator 
employees had a higher prevalence of wme grade of dyspnea, but again the differences 
were not statistically significant. 
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4.2 Svmatoms and Exuosure CatePories 

The median dust level for each job was established (Section 3.4). For each employee, 
this was multiplied by the number of years spent in each job and the products were 
added together to establish an exposure index for each individual employee. 

Exposure Index = (years job 1 x med dust level job 1) + (years job 2 x med dust level 
job 2) .... (years job 11 x med dust level job 11) 

The mean exposure index was 19.94 with the range of 0 to 248.64. The exposure 
indices were then categorized into groups as indicated on Table 4-7. Prevalence of 
cough, chronic bronchitis, cough or chronic bronchitis, tightness in the chest and 
dyspnea were then tabulated by exposure index category. It is seen that in the highest 
exposure index category (e.g. > 75) the prevalence of cough, chronic bronchitis, cough 
or chronic bronchitis is increased. However, the differences were not statistically 
significant. For chest tightness there is an increased prevalence in the higher exposure 
index categories and the differences are significant (Prob=0.0268). The percentage of 
employees reporting dyspnea increased in the higher exposure index categories and these 
differences were highly significant (Prob=0.0002). Although the exposure index is 
reflective of years of exposure a separate analysis was done for the latter (Table 4-8). 
Chronic bronchitis was related to years exposed to a statistically significant extent. Also, 
tightness in the chest and dyspnea prevalence increased in the higher years exposure 
category to a statistically significant extent. Interestingly, the lowest years exposed 
category (0-5) also had a relatively high prevalence of tightness in the chest. 

Svmbtoms in Relation to Current Dust Ex~osure Level 

Altogether dust level measurements could be assigned to 252 employees. These dust 
level measurements were divided into four categories: 0 - 4, >4-10, > 10-15, and 15 
mg/rn’. Prevalence of cough, chronic bronchitis, cough or chronic bronchitis, tightness, 
and dyspnea, as a function of current dust exposure are shown on Table 4-9. There is 
a trend to higher prevalence of cough and cough or chronic bronchitis with dust levels 
over 10 mg/m’ but these were not quit: statistically significant. Interestingly, the 
exposure category between 4-10 mg/m had a lower prevalence of all symptom 
categories; however the numbers in this group are low. For tightness of the chest and 
dyspnea there appears to be no relationship with current dust exposure level range. 

SVlllDt oms - Smokine Cateeorv and Exaosure Category 

The relationships of cough, chronic bronchitis, cough or chronic bronchitis, chest 
tightness, and dyspnea to smoking status were highly significant statistically. For 
example, 27% of current smokers had a cough versus 3.9% of non-smokers and ex- 
smokers (Table 4-10). 

To evaluate the role of smoking versus grain dust exposure, the relationships between 
prevalence of symptoms and exposure index for non-smokers, smokers and ex-smokers 
were analyzed separately. For non-smokers (Table 4-11), there appeared to be no 
relationship of cough, chronic bronchitis, cough or chronic bronchitis with exposure 
index category, although the numbers in the higher exposure index categories were 
small. However, chest tightness was more prevalent in the higher exposure categories 
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and this was statistically significant (Prob=0.0282). Dyspnea grade did not appear to 
be related to exposure category index. 

For smokers (Table 4-12), there were higher prevalences of cough, chronic bronchitis, 
cough or chronic bronchitis, and chest tightness with higher exposure indices, but the 
differences were not statistically significant. For dyspnea there was a highly significant 
relationship amongst smokers with exposure index category. For ex-smokers (Table 
4-13), there were no statistically significant relationships of symptoms with any of the 
exposure index categories. 

Tables 4-14, 4-15, and 4-16 present prevalence of cough, chronic bronchitis, cough or 
chronic bronchitis, chest tightness and dyspnea by smoking category and dust level 
range. For non-smokers, there appeared to be no relationship of any of these symptoms 
with dust level range (Table 4-14). However, for current smokers (Table 4-15) 
prevalence of cough or chronic bronchitis was higher in the higher dust level categories, 
but this was not quite statistically significant (Prob=0.0630). Employees exposed to dust 
levels of > 4-10 mg/m' had a relatively low prevalence of symptoms, but the numbers 
were few. For chest tightness and dyspnea, there appeared to be little relationship to 
current dust exposure. In ex-smokers there was no statistically significant relationship 
of any of the symptoms with dust level range, however, there was a higher prevalence 
of mild dyspnea amongst the ex-smokers in the high dust level category (Table 4-16). 

Table 4-17 examines symptoms in non-smokers by years of exposure. For cough, 
chronic bronchitis, cough or chronic bronchitis there appeared to be no trend to 
increased prevalence of symptoms in the higher years exposed category. However, 
those in the higher years exposed categories had a higher prevalence of chest tightness 
and this was of marginal statistical significance (Prob=0.057). There appears to be no 
relationship of dyspnea to years of exposure in non-smokers. 

For smokers (Table 4- 18) there appeared to be no relationship between years of exposure 
and cough, chronic bronchitis, cough or chronic bronchitis, or chest tightness. 
However, over 50% of employees in the higher exposure year categories complain of 
dyspnea. This approached statistical significance (Prob =0.0798). 

For ex-smokers (Table 4-19) findings were similar to non-smokers. Chest tightness 
was related to years of exposure category and there was an increased prevalence of 
dyspnea in the higher years exposure category; this approached statistical significance 
(Prob=0.0956). 

RelationshiD of SvmDtoms to TvDe of Grain 

Cough, chronic bronchitis, cough or bronchitis, chest tightness, and dyspnea were 
examined in relationship to the type of grain being processed on the day of the study. 
The results are listed in Table 4-20. The designation "corn" includes corn, soybeans, 
and milo. The designation "wheat" includes wheat, oats, barley and milo. The type 
of grain listed is only that type processed at the time of the testing and it does not 
indicate the predominant type of grain from year to year. Table 4-20 demonstrates that 
there was no apparent relationship of symptoms to type of grain. This may be a very 
limited conclusion since it has been determined that there is little, if any, short term 
acute effects of exposure (Section 4.6) and the fact that grain being handled was only 
surveyed for the day of the test. 
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4.6 pllmonarv Function Test Results Related to Exuosure 

Table 4-21 shows the category of pulmonary function impairment by exposure index 
category. Normal test results are those with 2 80% of predicted of FEVl before the 
shift; mild impairment is 70 to < 80%; moderate is 60 to <70%; and severe is <60%. 
It is seen that the category of impairment is highly related to exposure index category. 
However, Table 4-22 shows that it is also highly related to pack year category. To 
differentiate the effect of smoking, non-smokers, smokers, and ex-smokers were 
examined independently on Tables 4-23, 4-24, and 4-25 respectively. It is Seen that for 
non-smokers the relationship between impairment and exposure index category loses 
statistical significance, whereas it continues to be highly significant for smokers and ex- 
smokers. Table 4-26 categorizes exposure index category versus packs year category. 
It shows that they are highly related with Prob = O.OOO2. Therefore, it appears that 
much of the relationship of FEVlB category of impairment with exposure index is 
secondary to pack years of smoking. Tables 4-23 and 4-24 indicate that ninety-six 
percent (96%) of non-smokers have normal lung function, but only eighty-two percent 
(82%) of current smokers do. 

Table 4-27 shows that the relationship between category of impairment for FEVlB to 
all employees loses statistical significance when the exposure index is <75. 

Regression analyses were done to compare FEVlB predicted and FEF2575B predicted 
with exposure index. Tables 4-28 and 4-29 show that for all employees there was a non- 
significant inverse relationship between exposure index and FEVlB predicted, and a 
significant inverse relationship with FEF2575B predicted (Prob=0.0099). When 
examined individually, for non-smokers, smokers, and ex-smokers the relationship of 
FJZF2575B loses statistical significance. 

Tables 4-30 and 4-31 present multiple linear regressions with FEVlB predicted, 
FEF2575B predicted as the dependent variable compared with exposure index, years 
exposed, and pack years. It is Seen that there is very high correlation with pack years 
and in comparison, exposure index and years exposed are not statistically significant. 

Table 4-32 presents individual regression analyses of the FEVllFVC ratio before shift 
versus exposure index in all employees, non-smokers, current smokers, and ex-smokers. 
It is seen that for non-smokers this verges on statistical significance, but is highly 
significant for all employees together, and current and ex-smokers. 

The ratio of FEVllFVC before shift is analyzed as a dependent variable by multiple 
linear regression comparing it with exposure index, years exposed, age, and pack years 
(Table 4-33). It is seen that exposure index is a significant factor along with age and 
pack years. 

Multiple regression analysis of FEVllFVC ratio versus exposure index, years exposed, 
and age was also done for non-smokers. Table 4-34 shows that these are not statistically 
significant in non-smokers. 

Table 4-35 again shows exposure index not to be independently related to FEVllFVC 
ratio in smokers. However, Table 3-36 reveals exposure index to be a statistically 
significant relationship in ex-smokers (Prob=0.0212). 
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Table 4-37 compares the change in FEVl during the shift with a number of parameters, 
including dust level, pack years, age, exposure index, and years exposed. Only age is 
related to a statistically significant extent. 

Shift changes of FEVl and FEF2575 were categorized by those with an FEVl decrease 
less than lo%, and equal to or exceeding lo%, and for FEF2575 decreases of less than 
lo%, 10 to < 20%, and 20% or greater. The results, shown on Table 4-38 reveal no 
evidence that these pulmonary function parameters decrease more with higher dust level 
ranges. However, mean percent of FEVl change during shift was - 0.96% for non- 
smokers and 0.96% and 0.32% for current smokers and ex-smokers respectively. This 
difference between those who never smoked and current smokers was statistically 
significant (Prob=0.0251 for 1 tail and 0.0514 for 2 tails). 

Various pulmonary function tests were compared by regression analysis with current 
dust level (Table 4-39). Any employee who had a dust level measurement assigned 
and for whom the pulmonary function test had been done is included. It is Seen that 
there are no significant correlations with any of the pulmonary function tests and current 
dust level. 

Multiple linear regression was done for FEF2.575, change in FEVl, and FEV2575 with 
endotoxin, actinomycetes, total bacteria, total fungi, gram positive bacteria, and gram 
negative bacteria. No statistically significant correlations were noted. 

4.7 4 
Table 4-40 presents selected pulmonary function data by job and smoking status. It 
shows the FEVl percent predicted before shift, FEF2575 percent predicted before shift 
and the ratio of FEVllFVC percent by job category. It is readily apparent that there 
are considerable differences in some of the test results between job categories. These 
differences were evaluated by analysis of variance, and approached statistical significance 
(Prob=0.0841) for the FEVUFVC ratio when both smokers (includes ex-smokers) and 
non-smokers were considered together. However, when non-smokers and smokers are 
considered separately, these pulmonary function results do not differ by job category to 
a statistically significant extent. 

Because it was impractical to obtain a control group of people not working in grain 
elevators, clerical workers are compared with all other job categories. This comparison 
is not ideal since 72% of the clerical workers were females, while only 2.4% of the 
other workers were females. However, clerical workers were the least likely to have 
had any significant grain dust exposure and utilization of predicted values for FEVl and 
FEF2575 should overcome some of these concerns. Table 4 4 1  lists the comparison of 
the pulmonary function results of clerical workers compared to other workers and also 
by smoking status. It is seen that the clerical workers generally had higher values for 
these pulmonary function studies than other workers. However, only for ratio of 
FEVUFVC for smokers and non-smokers combined is there a statistically significant 
difference between clerical and other workers. 

Of some concern was the relatively low average percent predicted FEF2575 of 81.61% 
predicted (figure not shown in Table 4-41). FEF2575, however, is known to vary 
widely by individuals and with time. Although clerical workers had a somewhat higher 
average FEF2575 of 86.35% as compared with other workers who had 80.83%, the 
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differences are not statistically significant. For clerical workers, they are still below 
predicted average value of 100% and even for non-smoking clerical workers the 
FEF2575 predicted is 90.75%, still considerably below that which would be expected. 
For smoking clerical workers there was virtually no difference of FEF2575 in 
comparison to other smoking workers. 

Discussion of Health Screenine Results 

Overall participation was good, especially in the country and terminal elevators. Export 
elevators which were much larger had a lower participation rate. This was primarily 
due to lack of participation of a number of the clerical personnel who would normally 
be less exposed to dust. Therefore, if the lower participation rate of the export elevators 
were to bias the results, then one might anticipate that such bias would be toward having 
more abnormalities. In fact, export elevators had fewer abnormalities than others 
(Section 4.1), due to factors which are not totally understood. Therefore, if the 
participation rate had been higher, overall results might have shown less abnormalities. 

Due to the large number of elevators surveyed and the scattered geographical locations, 
it was not considered feasible in this project to have control groups. However, we 
believe that this lack of controls is offset somewhat by the extensive dust sampling which 
enabled us to assign an exposure index to each individual, based both upon years of 
exposure in a particular job and median dust level for that job. Various symptoms and 
pulmonary function results could then be related to the exposure index. 

An exposure index can be a valuable tml in developing dose response relationships and 
in the case of this study does appear to present a valid dose response relation for some 
parameters. However, exposure-index is only based -upon current studies and should 
be viewed with caution. In the case of country elevators where individuals work only 
part of the year, they may be overestimated. 

It was somewhat surprising that current dust level appeared to have no relationship to 
pulmonary function decline during the shift; nor did levels of endotoxin, bacteria or 
fungi. Other studies, including those of cotton textile workers and other grain workers, 
have shown declines of pulmonary function during the shift. In fact, for the population 
included in the present study, there was generally little evidence of any shift decline 
since FEVl and FEF2575 before and after, and delta FEVl and FEF2575 indicate little 
overall change. Non-smokers, however, had a small mean shift decline in percent 
change of FEVl which was not present in smokers. Interestingly, current smokers alone 
showed a small decline in FEVl predicted during the shift. 

The most prominent factor affecting the prevalence of symptoms and abnormal 
pulmonary function findings was pack years of cigarettes smoked. Next was exposure 
index and, to a lesser extent, years exposed. However, exposure index was also strongly 
related to pack years. Therefore, to separate the effect of smoking from exposure, 
separate analyses were done for non-smokers, smokers, and ex-smokers. When these 
analyses were done non-smokers continued to have tightness in the chest which was 
related to exposure index. Interestingly though, cough and chronic bronchitis were 
highly related to exposure index in smokers, but chest tightness was not to a statistically 
significant extent. Ex-smokers also had significant relationship of chest tightness to 
exposure index. The prevalence of symptoms in all employees together increased 
markedly with the higher exposure index categories, but did not generally increase much 
until exposure index categories reached 50 or greater. Those who smoke and have high 
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current dust exposure levels (> 10 mglm’) have a greater prevalence of cough, chronic 
bronchitis, or the combination thereof, but this is only of marginal statistical 
significance. 

Regression analysis revealed no significant relationship of FEVIB predicted with 
exposure index. However, FEF2575, and FEVUFVC ratio were significantly related 
statistically to exposure index. The relationship for FEF257.5 became much less 
prominent when smoking was considered. However, the relationship of FEVl/FVC 
ratio to exposure index continued to be marginally significant for non-smokers, and 
highly significant for smokers and ex-smokers. For smokers and ex-smokers, when 
considered alone, multiple regression analysis revealed the relationship of the FEVUFVC 
ratio to exposure index, years exposed, and age to be non-statistically significant. For 
ex-smokers the FEVllFVC ratio remained independently inversely related to exposure 
index, and to age. There is no relationship of any of the pulmonary function tests with 
current dust level, nor with levels of bacteria, fungi, actinomycetes, or endotoxin. 

Grain dust exposure may result in chest symptoms, especially tightness and small 
decreases in FEVl during the shift in non-smokers. There also appear to be relatively 
minor pulmonary function decreases, including the FEVl predicted, FEF2575 predicted 
and FEVUFVC ratio, with long-term exposure. Except in the case of the FEVllFVC 
ratio, when other factors including smoking and age are considered, they are not 
independently related to exposure index to a statistically significant extent. There 
appears to be little evidence of much influence of grain dust on respiratory health until 
the higher exposure indices are reached, and these may be due to higher exposures in 
the past. 

Although this study lacked a control, comparison with community“’ and industrial 
data”’ reveal that the rates of chronic bronchitis and abnormal pulmonary function are 
not higher than usually encountered in other populations. For example, in a non- 
industrial Colorado town‘”, 17% had chronic bronchitis in comparison to 7.3% in this 
study, while, 13% had chronic airway obstruction (FEVllFVC ratio < 60%) in 
comparison to 1.4% in this study. Some of this discrepancy may be due to healthy 
worker effect. 

Comparison of this study to other studies is difficult. To our knowledge this is the 
only study that selected at random from a large universe of grain elevators. Other 
studies have tended to concentrate on single elevators where selection of a control is 
much more feasible. On the other hand such selection may tend to bias the results. 
We may arbitrarily select those in this study with exposure index of 0-10 as being close 
to a control. However, the problem with this is that they tend to be younger or different 
occupational groups, e.g., clerical. When a suitable control is lacking, development of 
dose-response relationships as done in this study is an appropriate and valid means of 
determining effect of the exposure. 

Although this was a cross sectional study, we attempted to do retrospective analysis by 
developing the exposure index. This is also the only large scale study to our knowledge 
that related dust exposure to pulmonary function studies. 

In contrast to other cross sectional studies‘* we did not find an excess prevalence. of 
cough, chronic bronchitis, or dyspnea in non-smokers who have higher dust exposure 
indices. However, it should be noted that other than DoPico‘’’ who used a self- 
administered questionnaire, the excess of symptoms of cough, sputum, and bronchitis 
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reported by others, were generally not statistically significant. In the present study the 
symptom of chest tightness, which was not reported in the other studies, was 
significantly increased in the higher exposure index category in non-smokers. With 
smokers, the prevalence of cough showed some increase in the higher exposure 
categories, but this was not statistically significant. Nor was chronic bronchitis or chest 
tightness, which both increased in the higher exposure categories, different at statistically 
significant levels. Overall prevalence of dyspnea increased at higher exposure index 
levels to a statistically significant degree, but not for non-smokers or ex-smokers. 
Herbert" showed a marked excess of dyspnea in grain workers versus controls which 
would be consistent with this study in comparing higher exposure indices versus the 
lower or less exposed group. Other studies of smoking grain workers'c" have shown 
excesses of cough and bronchitis. With the exception of Fk~klake'~, only self- 
administered questionnaire studies showed these excesses to be statistically significant. 
Ex-smokers, similar to non-smokers, did not show an increased prevalence of symptoms 
with higher exposure indices with the exception of chest tightness. However, the 
increase in chest tightness with higher exposure indices in ex-smokers was not 
statistically significant. 

With respect to pulmonary function this study showed no statistically significant increase 
in pulmonary imprment in non-smokers in the higher exposure index categories. 
Likewise, in non-smokers there was no negative correlation of FEVl percent predicted 
with exposure index. Other studies'Ln have shown slight, but usually non-statistically 
significant deficits of FEVl in non-smoking grain workers. Our study also showed an 
increase of pulmonary impairment in smokers and ex-smokers related to exposure index, 
which was statistically significant. This may have been related to primarily pack year 
category. Regression analysis does not indicate that grain dust exposure index is an 
independent variable with respect to FEV1. 

This study did show a decrease of FEF2575 with increasing exposure index. In 
independent regression analyses of non-smokers, current smokers, and ex-smokers, this 
was not statistically significant, but the combined group did provide enough workers to 
show that a statistically significant decrease. A decrease in FEF2.575, of course, would 
relate well with the symptoms of chest tightness, which a p p s  to increase with 
increasing exposure index. This study also revealed that FEVllFVC ratio was inversely 
related to exposure index. Separate regression analysis revealed FEVIIFVC ratio 
changes to be marginally significant in non-smokers and highly significant in current and 
ex-smokers. 

In summary, other major studies have shown some increase, although not necessarily 
a statistically significant increase in symptom prevalence in grain workers versus 
controls, and very mild pulmonary function deficits. The major finding of this study 
was an increase in the symptom prevalence of chest tightness, and some evidence of 
decline in FEF2575 and FEVllFVC ratio with increasing exposure index largely, but 
not entirely correlated to smoking. It is difficult to determine from this study whether 
there is an interaction between grain dust exposure and smoking. 

With respect to overall respiratory health of this group of workers as compared with 
the general population, one must consider that this study as with a l l  cross sectional 
prevalence studies represents a suney of existing employees. It does not include retired 
or ex-employees who may have left because of respiratory symptoms. It is of interest 
to compare the present study population with other unexposed populations. Mueiler, et 
al") found an overall rate of approximately 13.6 % chronic bronchitis versus 7.7% in 
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the present grain elevator population. They found an overall rate of 1.5% asthmatics 
versus 4.4% in this study group. F&s and Anderson"' did a study in Berlin, New 
Hampshire, a paper mill town, and found a 0.44% prevalence of bronchial asthma and 
15% chronic bronchitis. Overall pulmonary function of the employees in the present 
study was within normal limits (102% predicted for non-smokers and 96% for smokers). 
In comparison with Discher and Feinberg's work" we found similar results for 
borderline and abnormal pulmonary function tests. 

With respect to endotoxin, it was somewhat surprising that there appeared to be no 
dose response relationship of either acute or chronic effects. Some studies(II.l" have 
indicated that there may be a relationship between endotoxin and occupational lung 
disease. This is especially so with respect to acute effects as noted in cotton mills. 
The endotoxin levels were in the range that has been reported as producing a response 
in other studies. An explanation of why there was no acute decline in FEVl in 
relationship to endotoxin levels is not readily apparent. 

This is the only study to our knowledge that has developed exposure indices for large 
numbers of employees based upon actual environmental sampling and job history at the 
time of the testing. Though this study was approached somewhat differently than a 
number of the other studies in the literature, the results as interpreted above seem 
relatively consistent with these studies which have also shown generally variable and 
mild effects. An encouraging fact is that any adverse effects appear to be relatively 
minor and may have occurred largely in the past. Modem dust control measures 
combined with respiratory protection, efforts to control smoking, and prompt attention 
to respiratory symptoms should substantially reduce risks to grain workers. 

I 
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SECI’ION 5 

SUMMARY AND CONCL USIONS 

I. 

A study consisting of environmental measurements and employee medical screening was 
conducted in 43 grain elevators throughout the United States. Dust level measurements were 
made on the day of medical screening. In addition, at 12 elevators detailed exposure studies 
were done which included taking consecutive day samples to determine interday variability of 
dust levels. Endotoxin, bacteria, and fungal measurements were also made. A total of 455 dust 
level measurements were made, of which 63% were personal samples and 25% were area 
samples. Median dust levels in country, terminal and export elevators were approximately the 
same. Jobs were divided into 1 1  categories and m e d i i  dus: levels for job category ranged 
from 0.18 mg/mJ for control mom operators to 8.88 mg/m for basement floor operators. 
Thirty percent of grain handler - general employees had uncontrolled exposures above 10 
mg/mJ. Elevators were divided into two basic groups depending upon type of grain handled. 
The first group - 23 elevators - handled corn only, soybeans only, corn and soybeans, or both 
along with milo. The second group - 14 elevators - handled wheat only or wheat in a 
combination of oats, barley, or milo. Five elevators handled both types of grain during the visit 
and one handled no grain. Dust levels for elevators handling com/soybeans appear to be 
slightly higher than for those handling wheat, although the number of tests and amount of the 
difference makes it impossible to draw any conclusions. 

Control measures ranged from none (no cyclone or fabric filter) to extensive. The effectiveness 
of engineering controls in reducing dust levels could be seen only after breakdown by industry 
segment. In country elevators with limited engineering controls, dust levels were lower. 
Terminal and export elevators with measured exposures comparable to those in country elevators 
typically had more extensive engineering controls. 

Where engineering controls were not present or limited, oil additive usage appeared to reduce 
median and estimated mean dust levels, but not where engineering controls were present. An 
average of 20-25% of the dust was found to be respirable (< 10 micrometers). Handling wheat 
and related products tended to produce more respirable dust. 

There was significant day-to-day variability in dust levels to which individual employees were 
exposed. The type of grain handled and the presence of any engineering controls were probably 
more important than geographic region in determining dust exposure level. 

Although over 80% of all dust samples were below 10 mglm’, twenty-two, or 51%, of the 
elevators had one or more personal samples exceeding the OSHA permissible exposure limit 
of 10 mF/mJ. Thirty-one, or 72%, had one or more personal samples exceeding the TLV of 
4 mg/m . Eighteen personal samples (4%) showed dust levels of 25 mg/m’ or more. 

Endotoxin levels and bacteria measurements were taken. There was no consistent relationship 
between endotoxin level and industry segment or type. of grain handled. Higher endotoxin 
levels were associated with higher dust levels. 

Medical evaluations consisted of a modified respiratory questionnaire, job and health history, 
examination of the chest, examination of the upper respiratory system, and pulmonary function 
testing. Altogether 427 employees participated out of 549 eligible. An exposure index was 
developed by multiplying the median dust level for a job category by the number of years on 
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that job for each job in which the employee worked. There was a high correlation of 
prevalence of symptoms of cough, chronic bronchitis, cough or chronic bronchitis, chest 
tightness, and dyspnea with smoking. 

There was also a correlation of a number of these symptoms with exposure index. However, 
exposure index in smokers was also related to pack years. In a separate analysis done by 
smoking category, non-smokers and ex-smokers continued to have a statistidy significant 
relationship of tightness in the chest to exposure index. Prevalence of cough and bronchitis 
symptoms in smokers appeared to be primarily related to pack years of smoking. 

Pulmonary function studies were utilized from 407 employees. Multiple regression analysis 
revealed a significant independent relationship of FEVllFVC ratio to exposure index for all 
employees and for smokers and ex-smokers. This relationship was not statistically significant 
for non-smokers. 

Category of pulmonary function impairment was related to exposure index, but this relationship 
disappeared in non-smokers and appeared to be related primarily to pack years of smoking in 
smokers. Interestingly, there appeared to be no relationship of pulmonary function studies or 
decline in pulmonary function during shift with current dust level, endotoxin level, or levels of 
bacteria and fungi. 

The prevalence of respiratory problems compares favorably with other community and industrial 
studies. It appears that grain workers, independent of smoking, that have probably been 
exposed to significant dust levels for long periods of time develop symptoms of tightness in the 
chest, and mild decline in FEVllFVC ratio. 

I 
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TABLE 2-2. 

Estimate 

Grain elevators studied by 
geographic region 

~~ 
Expected Nurr-Jer 

% of total number included 
Region’ elevators in U.S* (n=43)’ in study 

I 

Central grain belt 70.6 30 33 

, .  Southwest 3.4 2 3 

Northwest 7.2 3 1 

Southeast 

Northeast I 
13.7 6 5 

5.0 2 1 

NOTES: 

Regional division by states was as follows: 
Central grain belt - IL, IA, TX, KS, MN, IN, NE, OH, MO, WI, ND 

OK, MI, SD, AR, LA 
Southwest - CA, CO, UT, AZ, NM, NV 
Northwest - WA, MT, OR, ID, WY 
Southeast - NC, GA, VA, KY, MS, SC, AL, TN, FL 
Northeast - PA, NY, MD, DE, NJ, WV, CT, ME, MA, NH, RI, VT 

Based on USDA Grain Stocks Report, January, 1983 

Based on equal opportunity selection by region of 43 grain elevators from 
OSHA estimated total of 13,975 in U.S. 
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Personal 

Area 

Impactor 

TOTAL 

TABLg 3-1. Distribution of dust level 
measurements by sample type 
and industry segment 

IWUSTRY SEGmmT 
country Terminal Export 
elevators elevators elevators 

84 

5 0  

25 

110 

44 

22 

92 

18 

10 

159 176 120 

TOTAL 

286 

112 

57  

455 
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TABLE 3-2. Distribution of dust level 
measurements by job category 

JOB 

Elevator Manager 

supervisor/Foreman 

Clerical/QA/Laboratory 

Grain Handler - General 
Receiving/Inspection 

Shipping 

Bin operator 

Basement Floor Operator 

Maintenance/Electrical 

Cleaning/Drying 

control Room Operator 

" B E R  OF SAMPLES 
Personal Araa ImDactor 

28 

19 

17 

108 

41 

14 

15 

4 

29 

1 

A 

286 

1 

- 
41 

47 

15 

1 

1 

3 

- 
- 
3 

112 

- 

1 

4 

- 
35 

6 

3 

5 

1 

2 

- 
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TAaLB 4-1. Number and percentage of employees 
reporting various medical conditions 

Type of 
medical condition 

Asthma 
Hayf ever 
Sinusitis 
Emphysema 
Bronchitis 
Respiratory problems 
Allergies 
Diabetes 
Cancer 
High blood pressure 
Heart problems 
Other 

NO. of employees 
reoortina condition 

19 
29 
66 
4 

33 
17 
61 
12 
7 

81 
21 
12 

Percentaae I % L 

4.4 
6.8 

15.5 
0.9 
7.7 
4.0 
14.3 
2.8 
1.6 

19.0 
4.9 
2.8 
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T3LBLE 3-12. Percentage of grain dust less than 
10 micrometers in aerodynamic diameter 
by industry segment 

NO. 
Samules 

Country elevators 26 

Terminal elevators 23 

Export elevators 10 

% less than 
10 micrometers 

Rancre Mean 

1.4 - 55.9 19.7 

2.3 - 59.5 23.9 

2.0 - 62.3 26.0 
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TABLE 3-13. Percentage of grain dust less than 
10 micrometers in aerodynamic diameter 
by type of grain handled 

NO. 
SamDles 

Corn/soybeans' 28 

meat' 

Both 

15 

4 

% less than 
la micrometers 

Ranae Mean 

1.4 - 55.9 17.8 

4.6 - 62.3 29.8 

2.0 - 57.8 21.6 

NOTES : 

' Includes corn, soybeans, and milo ' Includes wheat, oats, barley, and milo 



TABLE 3-14. Comparison of total dust measurements 
using filter cassette and impactor 
worn by same employee 

Elevator 

10 
11 
12 
13 
21 
29 
30 
33 

35 
36 
40 
41 
42 

44 
49 
52 
55 
56 
58 

59 
65 
69 
77 
78 
90 

96 
98 

Correlation 
N = 34 
Correlation coefficient 
Probability of chance occurence 

Linear regression 
Regression coefficient 
Standard error 
Probability of chance of occurence 

Filter 

7.13 
2.14 
1.40 
0.49 
16.84 
2.27 
26.08 
10.01 
5.19 
2.03 
1.58 
2.69 
3.49 
2.23 

46.75 
19.46 
4.56 
0.53 
3.96 

11.08 
0.77 
14.93 
12.95 
15.74 
12.02 
9.22 
0.21 
2.44 
1.17 
1.56 
2.48 
1.72 
2.95 

44.95 

ImDactor 

8.56 
2.18 
2.82 
0.83 

18.88 
2.97 

21.83 
13.68 
10.93 
6.67 
3.95 
2.83 
6.81 
3.62 

48.78 
24.52 
8.59 
0.47 
1.56 

13.48 
1.60 

15.05 
13.99 
17.06 
15.53 
10.83 
0.21 
2.68 
1.45 
1.41 
4.63 
2.43 
4.29 
13.81 

0.85 
<o. 0001 

0.72 
0.08 

<o. 0001 
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Elevator 

33 

42 

49 

5 0  

58 

60 

a5 

88 

90 

I I  

TABLE 3-15. Interday variability of dust 
exposure levels as measured by 
personal samples on the same 
individual 

Job 

Grain handler 
Grain handler 
Grain handler 

Grain handler 
Grain handler 

Grain handler 
Receiving 

Grain handler 
Receiving 
Receiving 

Supervisor 
Inspection 
Inspection 
Grain handler 

Clerical 
Grain handler 

Receiving 
Shipping 
Maintenance 

Receiving 
Receiving 
Bin Operator 
Maintenance 

Man age r 
Grain handler 
Grain handler 
Grain handler 
Receiving 
Bin Operator 
Maintenance 

Ecu. 
10.01 
15.38 
16.18 

31.30 
46.75 

3.96 
0.61 

1.92 
0.50 
3.39 

3.17 
0.71 
0.54 

100.27 

0.79 
1.29 

13.92 
8.21 - 
0.20 
5.39 
2.10 
0.40 

0.38 
2.00 
1.21 
0.31 
0.64 
2.02 
1.45 

5.19 
3.46 
4.70 

19.46 
12.36 

3.75 
0.81 

2.81 
0.88 
1.07 

2.06 
0.93 
1.15 
0.86 

0.32 
2.95 

5.95 
0.60 
1.47 

2.54 
2.65 
2.50 
0.33 

0.35 
3.23 
3.57 
0.47 
0.83 
1.06 
0.67 

2.03 
1.47 
1.82 

119.72 
4.56 

- - 

7.05 
0.52 
1.02 
0.67 

0.51 
9.63 

- 
3.93 
1.83 

0.55 

1.57 
0.61 

0.26 
5.24 
0.68 
0.54 
0.93 
2.44 
0.98 

- 



i 

s 
.L 

111 
(Y L 

Y 
'? 
3 
0 

I. 

4 0  
m 



L - 
YI " r 

+ -  o m  



L - 0 



L I :  



1 -  
I' 
I 

I 

i 

C 
I 
0 " 
.- 

f 

Y 

i e 



TABLE 4-1. Prevalence of symptoms in 
grain elevator employees 

I I  

symptom/ 
f resuencv 

Cough, am or pm 
3 months per year 

No. of employees 

svmotoms ruercentl 

NO. of employees 

svmutoms cuercentl 
reporting no reporting 

371 (86.9) 56 (13.1) 427 

Chronic bronchitis, 
defined by production 
of phlegm, am or pm 
3 months per year f o r  
2 years 396 (92.7) 

cough or phlegm 364 (85.2) 

Chest illness causing 
lost work within the 
last 3 years 395 (92.7) 

Chest tightness 331 (77.7) 

Dyspnea Grade 
1 
" 

NOTE: 

31 (7.3) 

63 (14.8) 

31 (7.3) 

95 (22.3) 

329 (77.2) 
84 (19.7) 
10 ( 2.3) 

2 ( 0.5) 
1 ( 0 . 2 )  

427 

427 

426l 

426l 

426l 

Some of the questions were not answered by one employee. making the 
total 426. 

1 



TABLE 4-3. Frequency of pack year category 
for cigarettes 

category 
pack - vrs 

None 
1-10 

>lo-20 
>20-40 
>40-80 

>80 

Number of 
EmlOveeS 

167 
7 1  
69 
66 
37 
11 

Percentaoe 

39.1 
18.0 
16.2 
15.5 
8.7 
2 . 6  



TRBLE 4-4. Pulmonary function results 

407 Cases 

Variable 

FEVlBCOR ml 
FEVlBefore ml 
FEVlAfter ml 
FEVlB Percent Predicted 
FEVlA Percent Predicted 
FVCBefore ml 
FVCAfter ml 
FEF2575Before Percent Predicted 
FEF2575After Percent Predicted 
Delta FEVl ml 
DVEVlPercent 
FVCB Percent Predicted 
E’VCA Percent Predicted 
FEVl/FVC Ratio Before Percent 
FEVl/NC Ratio After Percent 

Mean 

3665 
3642 
3637 
98.46 
98.22 
4584 
4550 
81.61 
80.31 
-5.14 
0.17 

99.15 
99.30 
80.03 
79.80 

- Std. dev. 

771 
853 
846 
16.65 
17.02 
973 
971 
30.26 
29.54 
278.34 
7.78 
14.24 
14.51 
7.04 
7.05 

Std. error 
of mean 

38.20 
42.27 
41.92 
0.83 
0.84 
48.23 
48.18 
1.50 
1.46 
13.79 
0.39 
0.71 
0.72 
0.35 
0.35 



TABLE 4-5. Prevalence of pulmonary function abnormalities 

I 

Predicted FEVl 
before shift 

- >80 
70-79.99 
60-69.99 

<60 

Predicted FVC 
before shift 

- >80 
70-79.99 
60-69.99 

<60 

Predicted FEVl/FVC 
before shift 

- >75 
60-75 
<60 

Jmvairment 

None 
Hild 
Hoderate 
Severe 

Number of 
Emvloveee Percentage 

357 87.7 
35 8.6 
10 2.5 
5 1.2 

Number of 
Jmvairment Emulovees Percentage 

None 391 
Hild 26 
Moderate 8 
Severe 1 

91.8 
6.1 
1.9 
0.2 

Number of 
Imuairment Emdovees Percentage 

None 347 81.5 
HildJHodarate 73 17.1 
Severe 6 1.4 

t -  
! 
i 



TABLE 4-6. Symptom prevalence by type of elevator 

Elevator tvue 
Svmutom collutrv Terminal TQTAt 

Cough 15 23 18 56 
14.2% 10.7% 17.0% 13.1% 

TOTAL 106 215 106 427 

Chi Square = 2.59284 UP = 2 P r o b  = 0.1735 

Chronic 10 10 11 31 
bronchitis 9.4% 4.7% 10.4% 7.3% 

TOTAL 106 215 106 427 

Chi Square = 4.44737 UP = 2 P r o b  = 0.1082 

i 
r 

Coush or 19 24 20 63 
bronchitis 17.9% 11.2% 18.9% 14.8% 

mAL 106 215 106 427 

Chi Square = 4.47818 UP = 2 P r o b  = 0.1066 

I 

Cheet 25 43 27 
tishtness 23.6% 20.1% 25.5% 

TOTAL 106 214 106 

95 
22.3% 

426 

Chi Square = 1.31772 DP = 2 P r o b  = 0.5174 

Dvsunea 
Grade 

1 88 
83.0% 

2 16 
15.1% 

3 2 
1.9% 

4 0 
0.0% 

5 0 
0.0% 

TOTAL 106 

Chi Square = 9.45661 

169 72 
79.0% 67.9% 

3a 30 
17.8% 28.3% 

5 3 
2.3% 2.8% 

1 1 
0.5% 0.9% 

1 0 
0.5% 0.0% 

214 106 

UP = 8 

329 
77.2% 

84 
19.7% 

10 
2.3% 

2 
0.5% 

1 
0.2% 

426 

P m b  = 0.3052 



T I B L E  4-7. sym+man prevalace by exposure i d e a  category 

3 Exwsure index. nq . vrs/m 
TMAL - D50-75 - W 7 5  SHD10. - 0-10 - >10-25 - .a-w - 

21 18 
10.9% 14.4% 

10 
14.1% 

2 5 56 
9.5% 27.8% 13.1% 

T M M  192 125 71 21 18 427 

chi spers = 4 . 6 W  OF = 4 P m b  = 0.3226 

chrmic bronchitis 15 11 
7.8% 8.8% 

2 
2.6% 

1 2 31 
4.8% 11.1% 7.3% 

TMM 192 125 71 21 18 427 

Chi *re = 3.20225 OF = 4 Pmb = 0.5259 

C c 4 1  o r  chrmic 25 21 
W i t i s  13.0% 16.8% 

10 2 5 63 
14.1% 14.3% 27.8% 15.0% 

T M M  192 125 71 21 18 427 

chi -re = 3 . m 1  OF = 4 Prda 5 0.4360 

c h a t  tishmcu 34 29 
17.7% 23.4% 

17 6 9 95 
23.9% 28.6% s0.m 22.3% 

T M M  192 124 71 21 18 426 

chi -re = 10.9789 OF = 4 P m b  = 0.0268 

Dwra 
Grade 

1 

2 

3 

L 

5 

TMM 

157 94 
81.6% 75.8% 

29 27 
15.1% 21.8% 

6 3 
3.1% 2.67. 

0 0 
0.m 0.0% 

0 0 
0.0% 0.0% 

192 124 

Chi spers I 44.2367 

52 14 
73.2% 66.7% 

18 6 
25.6% 28.6% 

0 1 
0.0% 4.8% 

0 1 
1.4% 0.0% 

0 0 
0.0% 0.0% 

m 22 

OF = 16 

12 
66.7% 

4 
22.2% 

0 
0.0% 

1 
5.6% 

1 
5.6% 

18 

Pmb = 0 . m  

329 
n . 2 x  

84 
1 9 . Z  

10 
2.3% 

2 
0.5% 

1 
0.2% 

426 



TABLE 4-8. symptom prevalence by 
years exposed category 

i 

I 
i '. , .  

I 

Years exnosed 
SWDtOm - 0-5 >5-10 - >20  TOTAL 

COugh 20 9 15 12 56 
14.4% 1.0% 12.2% 14.5% 13.1% 

TOTAL 139 82 123 83 427 

Chi Square = 0.749891 DP = 3 Prob = 0.8614 

Chronic bronchitis 17 3 6 5 31 
12.2% 3.7% 7.9% 6.0% 7.3% 

TOTAL 139 82 123 83 427 

Chi Square = 7.90441 DP = 3 Prob = 0.0480 

Coush or chronic 
bronchitis 23 10 16 14 63 

16.5% 12.2% 13.0% 16.9% 14.8% 

TOTAL 139 82 123 83 427 

Chi Square = 1.12858 DP = 3 P m b  = 0.7702 

Chest tishtness 28 8 35 24 95 
20.1% 9.8% 28.5% 29.3% 22.3% 

TOTAL 139 82 123 83. 426 

Chi Square = 12.8067 DP = 3 Prob = 0.0051 

DvsDnea 
Grade 

1 

2 

3 

4 

5 

118 
84.9% 

20 
14.4% 

1 
0.7% 

0 
0.0% 

0 
0.0% 

TOTAL 139 

Chi Square = 28.0076 

66 
80.5% 

13 
15.9% 

3 
3.7% 

0 
0.0% 

0 
0.0% 

82 

DP = 12 

88 57 
71.5% 69.5% 

29 22 
23.6% 26.8% 

6 0 
4.9% 0.0% 

0 2 
0.0% 2.4% 

0 1 
0.0% 1.2% 

123 83 

P r o b  = 0.0055 

329 
77.2% 

84 
19.7% 

10 
2.3% 

2 
0.5% 

1 
0.2% 

426 
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TABLE 4-9. Symptom prevalence and current 
dust exposure level 

3 Dust level, mslm 
SVmDtOm - 0-4 - -  >4-10 >lo-15 >15 TOTAL 

COuqh 24 1 1 9 35 
13.2% 4.0% 9.1% 26.5% 13.9% 

TOTAL 182 25 11 34 252 

Chi Square = 6.83106 DP = 3 Prob = 0.0775 

Chronic 
bronchitis 16 1 0 5 22 

8.8% 4.0% 0 . 0 %  14.7% 8.7% 

TOTAL 182 25 11 34 252 

Chi Square = 3.27877 DP = 3 Prob = 0.3506 

Coush or chronic 
bronchitis 27 1 1 10 39 

14.8% 4.0% 9.1% 29.4% 15.5% 

TOTAL 182 25 11 34 252 

Chi Square = 7.96469 DP = 3 Prob = 0.0467 

Chest tishtness 42 6 4 7 .  59 
23.1% 24.0% 36.4% 20.6% 23.4% 

TmAL 182 25 11 34 252 

Chi Square = 1.19645 DP = 3 Prob = 0.7539 

Dyspnea 
Grade 

1 136 
74.7% 

2 39 
21.4% 

3 6 
3.3% 

4 1 
0.5% 

TOTAL 182 

22 

3 
12.0% 

0 
0.0% 

0 
0.0% 
25 

88. oa 

Chi Square = 5.76640 

10 
90.9% 

1 
9.1% 

0 
0 . 0 %  

0 
0 . 0 %  

34 

25 
73.5% 

9 
26.5% 

0 
0 .0% 

0 
0 . 0 %  

11 

193 
76.6% 

52 
20.6% 

6 
2.4% 

1 
0.4% 
252 

DP = 9 Prob = 0.7631 



TABLE 4-10. Symptom prevalence and 
smoking s t a t u e  

NO=- EX- Current 
S W D t O m  Smoker Smoker SmDter = 

6 4 46 56 
3.9% 3.9% 27.4% 13.1% 

TOTAL 155 103 168 42 6 

Chi Square = 49.2344 DP = 2 Pmb < 0.00001 

I 
I 
I :- 
I 

Chronic bronchi t i s  4 2 25 
2.6% 1.9% 14.9% 

31 
7.3% 

TOTAL 155 103 168 426 

Chi Square = 23.8080 DP = 2 Pmb < 0.00001 

Cousb or chronic 
b r o n c h i t i s  8 5 50 63 

5.2% 4.9% 29.89 14.8% 

TOTAL 155 103 168 426 

Chi Square = 49.3560 DP = 2 Pmb < 0.00001 

Chest t i q h t n e s s  25 21 49 95 
16.1% 20.4% 29.2% 22.3% 

TOTAL 155 103 168 426 

Chi Square = 8.19532 DP = 2 Pmb = 0.0166 

DvsDnea 
Grade 

1 135 
87.1% 

2 15 
9.7% 

3 5 
3.2% 

4 0 
0 . 0 %  

5 0 
0.0% 

TOTAG 155 

Chi Square = 26.0704 

82 
79.6% 

20 
19.4% 

0 
0.0% 

1 
1.0% 

0 
0.0% 

103 

DP = 8 

112 
66.7% 

49 
29.2% 

5 
3.0% 

1 
0 . 6 %  

1 
0.6% 

329 

84 

10 
2.3% 

2 
0.5% 

1 
0.2% 

77.2% 

19.7% 

168 426 

Pmb = 0.0010 



T U  4-11. Nm-smkers vs. swptcm prevalence by exposure i d e a  c a t e g o v  

r 
I 

4.4% 
0 

0.0% 
2 

9.5% 
0 0 6 

0.0% 0.0% 3.9% 

T M A L  90 36 21 6 2 155 

chi +re 3.6546670 OF = 4 Prob = 0.4Y7 

c h m i c  M i t i s  4 0 
4.4% 0.0% 

0 
0.0% 

0 0 4 
0.0% 0.0% 2.6% 

TOTAL 90 36 21 6 2 155 

chi sqare = 2.965 OF = 4 P r o b  = 0.5636 

C a a h  or  C h m i c  
b r m h i t i s  6 0 2 

6.7% 0.0% 9.5% 

TOTAL 90 36 21 6 2 155 

chi sqpm = 3.6277 OF = 4 Prob = 0.4587 

c h a t  tie- 13 5 4 1 2 25 
14.4% 13.9% 19.0% 16.7% 100.0% 16.1% 

TOTAL 90 36 21 6 2 155 

chi -re = 10.8559 OF = 4 P m b  = 0 . m  

Dyspre 
trade 

1 78 32 17 6 2 135 
86.n B8.m 81.0% 100.0% 100.0% 87.1% 

2 9 2 4 0 0 15 

3 
10.0% 5.6% 19.0% 0.0% 0.0% 9.7% 

3 2 0 0 0 5 
3.3% 5.6% 0.0% 0.0% 0.0% 3 . a  

TOTAL 90 36 21 6 2 155 

thi +re 5.12675 DF = 8 Prob = 0.7442 

I. . 



I 
TABLE 4-12. Current smokers vs S ~ t m  prevalence 

@ exposure index category 

:- 

i 

I 

, : 

16 15 a 2 5 46 
21.6% 31.9% 25.8% 25.0% 62.5% 27.4% 

TMAL 74 47 31 8 a 168 

chi -re - 6.7- DF = 4 Prcb  = 0.15M 

chronic M i t i s  10 10 
13.5% 21.3% 

2 1 2 25 
6.5% 12.5% 25.0% 14.m 

TOTAL 74 47 31 a 8 168 

Chi -re = 4.0685 OF = k Prch  = 0.3995 

C d  or chrmic 
braxi t i t is  ia 17 a 2 5 50 

24.3% 36.2% 25.8% 25.0% 62.5% 29.8% 

TOTAL 74 47 31 8 a 168 

chi Ware - 6.3905 OF = 4 Prcb = o.1ns 

chest t i s h m u  18 15 8 4 4 49 
24.3% 31.9% 25.8% 50.0% 50.0% 29.2% 

mAL 74 47 31 a a 168 

chi sqran = 6.54247 DF - 4 Prob = 0.3375 

BYEeE 
Grade 

1 54 31 
73.0% 66.0% 

2 17 15 
23.0% 31.9% 

3 3 1 

4 
4.1% 2.1% 

0 0 
0.0% 0.0% 

5 0 0 
0.0% 0.0% 

TOTAL 74 47 

20 4 
64.5% 50.0% 

1 1  3 
35.5% 37.5% 

0 1 
0.0% 12.5% 

0 0 
0.0% 0.0% 

0 0 
0.0% 0.0% 

31 8 

3 112 
37.5% 66.n 

3 49 
37.5% 29.2% 

0 5 
0.0% 3.0% 

1 1 
12.5% 0.6% 

1 1 
12.5% 0.6% 

a 168 

chi Wmre a 47.ml DF = 16 Prob = 0.m1 



TABLE 4-13. Ex-smokers vs. s m t m  prevslace 
f o r  expasure i d e a  cafworv 

, 
i 

1 
3.6% 

3 
7.3% 

0 
0.0% 

0 0 4 
0.0% 0.0% 3.9% 

TMAL 28 41 19 7 8 103 

Chi Swam = 2.67600 DF = 4 Pmb = 0.6136 

Chrmic b r a r h i t i s  1 
3.6% 

1 
2.4% 

0 
0.0% 

0 0 2 
0.0% 0.0% 1.9% 

TMAL 28 41 19 7 a 103 

Chi S4ret-t = 1.117U7 OF = 4 Prab = 0.8916 

caah or c h n n i c  
M i t i s  1 & 0 0 0 5 

3.6% 9.8% 0.0% 0.0% 0.0% 4.9% 

TOTAL 28 41 19 7 8 103 

Chi Sqarr = 3.96733 OF a 4 P m b  = 0.41w 

Chat tishtnas 3 9 5 1 3 21 
10.7% 22. 0% 26.3% 1 4 3  37.5% 20.4% 

TOTAL 28 41 19 7 8 103 

Pmb = 0.4494 mi ~qarr = 3.69917 DF = 6 

EEeE! 
Grade 

1 25 31 15 4 7 a2 

2 
~9.3% 75.6% 78. 9% 57.1% 87.5% 79.6% 

3 10 3 3 1 20 
10.7% 24.4% 15.8% 42.91 12.5% 19.4% 

4 0 0 1 0 0 1 
0.0% 0.0% 5.3% 0.01 0.0% 1.0% 

TOTAL 28 41 19 ? 8 103 

Chi *re = 9.26115 DF = 8 Prob = 0.3207 



! 
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TABLE 4-14. Prevalence of symptoms fo r  
non-smokers VB. dust  level range 

3 D u s t  level. m s l m  
TOTAG S m D t O m  0-4 >4-10 >lo-15 >15 

4 0 0 1 5 
5 .3% 0.0% 0.0% 7.7% 4.9% 

TOTAL 75 10 5 13 103 

chi Square = 1.02925 DP f 3 P m b  = 0.1942 

Chronic 
bronchitis 

TOTAL 

Chi square = 

3 0 
4.0% 0.0% 

75 10 

15360 DP = 

0 0 3 
0 . 0 %  0.0% 2.9% 

5 13 103 

Prob = 0.7642 

mush or chronic 
bronchitis 5 0 0 1 6 

6.7% o.oa 0.0% 7.7% 5.8% 

TOTAL 75 10 5 13 103 

Chi Square = 1.10723 DP = 3 P m b  = 0.7753 

Chest tiuhtness 13 2 1 3 19 
17.3% 20.0% 20.0% 23.1% 18.4% 

TOTAL 75 10 5 13 103 

chi Square = 0.271119 DP = 3 Prub = 0.9654 

Dysnnea 
Grade 

1 62 
02.7% 

2 10 
13.3% 

3 3 
4.0% 

TOTAL 75 

chi Square = 2.12216 

9 5 11 87 
90.0% 100.0% 84.6% 84.5% 

1 0 2 13 
10.0% 0.0% 15.4% 12.6% 

0 0 0 3 
0.0% 0 .0% 0.0% 2.9% 

10 5 13 103 

nP = 6 Proh = 0.9081 



i 

TARLE 4-15. Prevalence of symptoms for 
current smokers vs. dust level range 

3 m nuat level. mal 
SYmDtOtll - 0-4 - >4-10 w.15 TOTRI. 

COUgh 18 1 1 8 28 
25.7% 14.39 25.0% 53.3% 29.2% 

TOTAL 70 7 4 15 96 

Chi Square = 5.42609 DP = 3 P m b  = 0.1030 

Chronic 
bzonchitis 11 1 0 5 17 

15.7% 14.3% 0.0% 33.3% 17.7% 

TOTAL 70 7 4 15 96 

Chi Square = 3.62106 DP = 3 prob = 0.3050 

Caush or chronic 
bronchitis 19 1 1 9 30 

27.1% 14.3% 25.0% 60.0% 31.3% 

TOTAL 70 7 4 15 96 

Chi Square = 7.33091 DP = 3 P m b  = 0.0621 

Chest tishtness 23 2 1 3 29 
32.9% 28.6% 25.0% 2 0 . 0 %  30.2% 

TOTAL 70 7 4 15 96 

Chi Square = 1.03075 DP = 3 P m b  = 0.7928 

Dvsvnea 
Grade 

1 43 
61.4% 

2 23 
32.9% 

3 3 
4.3% 

4 1 
1.4% 

TOTAL 70 

Chi Square = 3.77610 

5 4 
71.4% 100.0% 

2 0 
28.6% 0.09 

0 0 
0.0% 0.0% 

0 0 
0 .0% 0 .0% 

7 4 

DP = 9 

10 62 

5 30 

0 3 

0 1 

66.7% 64.6% 

33.3% 31.3% 

0.0% 3.1% 

0.0% 1.0% 

15 96 

PROB = 0.9255 



TABLE 4-16. Prevalence of symptoms in ex-smokers 
vs. dust level 

3 Dust level. mslm 
SWDtOm - 0-4 - >4-10 >10-15 - >15 TOTAG 

Coush 2 0 0 0 2 
5.4% 0.0% 0.0% 0.0% 3.8% 

TOTAL 37 8 2 6 53 

Chi Square = 0.898781 DP = 3 PROB = 0.8257 

Chronic 
bronchitis 2 0 0 0 2 

5.4% 0.0% 0.0% 0.0% 3.8% 

TOTAL 37 8 2 6 53 

chi Square = 0.898781 DP = 3 PROB = 0.8157 

Couqh or chronic 
bronchitis 3 0 0 0 3 

8.1% 0.0% 0.0% 0.0% 5.7% 

TOTAL 37 8 2 6 53 

Chi Square = 1.37514 DP = 3 PROB = 0.7114 

Chest tishtness 6 2 2 1 11 
16.2% 25.0% 100.0% 16.7% 20.8% 

TOTAL 37 8 2 6 53 

Chi Square = 8.24837 DP = 3 PROB = 0.0411 

DvsDnee 
Grade 

1 31 8 1 4 44 
83.8% 100.0% 50.0% 66.7% 83.0% 

2 6 0 1 2 9 
16.2% 0.0% 50.0% 33.3% 17.0% 

TOTAL 37 8 2 6 53 

Chi Square = 4.33648 DP = 3 PROB 0.2273 



TABLE 4-17. Prevalence of symptoms f o r  
non-smokers vs. years exposed category 

Years exnosed 
- 0-5  - >+lo >10-20 - >20  

. 3  1 2 0 6 
5.0% 2.78% 5.3% 0.0% 3.9% 

TOTAL 60 37 38 20 155 

Chi Square = 1.34454 DP = 3 P m b  = 0.7186 

Chronic bronchitis 2 0 1 1 4 
3 . 3 %  0.0% 2.6% 5.0% 2.6% 

TOTAL 60 37 38 20 155 

Chi Square = 1.5814 OF = 3 Pmb = 0.6636 

I 

Coush or chronic 
bronchitis 4 1 2 1 8 

6.7% 2.7% 5.3% 5.0% 5.2% 

m A L  60 37 38 20 155 

Chi Square = 0.736555 DF = 3 Pmb = 0.8646 

C h e s t  t i shtness  8 3 7 7 25 
13.3% 8.1% 18.4% 35.0% 16.1% 

TOTAL 60 37 38 20 155 

Chi Square = 7.51890 DP = 3 Pmb = 0.0571 

DVsDnea 
Grade 

1 

2 

3 

56 30 30 19 135 
93.3% 81.1% 78.9% 95.0% 87.1% 

4 5 5 1 15 
6.7% 13.5% 13.2% 5.0% 9.7% 

0 2 3 0 5 
0.0% 5.4% 7.9% 0.0% 3.2% 

TOTAL 60 37 38 20 155 

C h i  Square = 8.60077 DP = 6 Pmb = 0.1973 



TABLE 4-18. Prevalence of symptoms for smokers 
vs. years exposed category 

Smptom 
Years exnosed 

0-5 - >5-10 >10-20 - >20 TOTAL 

Couqh 16 8 13 9 46 
27 .'6% 27.6% 24.1% 33.3% 27.4% 

TOTAL 58 29 54 27 168 

Chi square = 0.779938 DP = 3 Prob = 0.8543 

Chronic b r o n c h i t i s  14 3 5 3 25 
24.1% 10.3% 9.3% 11.1% 14.9% 

TOTAL 58 29 54 27 168 

Chi Square = 6.0452 DP = 3 Prob = 0.1094 

Coush o r  chronic 
b r o n c h i t i s  18 9 14 9 51 

31.0% 31.0% 25.9% 33.3% 30.4% 

TOTAG 58 29 54 27 168 

Chi square = 0.61226 DP = 3 Pmb = 0.8936 

Chest t i s h t n e s s  19 5 17 8 49 
32.8% 17.2% 31.5% 29.6% 29.2% 

TOTAL 58 29 54 27 168 

Chi Square = 2.50130 DP = 3 Pmb = 0.4751 

Dyspnea 
Grade 

1 43 
14.1% 

14 
24.1% 

1.7% 
0 

0.0% 
0 

0.0% 

TOTAG 58 

Chi square = 19.3762 

20 
69.0% 

8 
27.6% 

L 

3.4% 
0 

0.0% 
0 

0.0% 

29 

DP = 12 

37 12 
68.5% 44.4% 

14 13 
25.9% 48.1% 

3 0 
5.6% 0.0% 

0 1 
0.0% 3.7% 

0 1 
0.0% 3.7% 

54 27 

Prob = 0.0798 

112 
66.7% 

49 
29.2% 

5 
3.0% 

1 
0.6% 

1 
0.6% 

168 



TABLE 4-19. Prevalence of symptoms for ex-smokers 
VB. years exposed category 

Years emosed 
Swvtom - 0-5 - >5-10 >10-20 - >20 ToTAt 

1 0 0 3 4 
4.m 0.00 0.00 8.6% 3.90 

TOTAL 21 16 31 35 103 

chi Square = 4.00308 nP = 3 Prob = 0.2611 

Chronic bronchitis 1 0 0 1 2 
4.80 0.00 0.00 2.90 1.90 

TOTAL. 21 16 31 35 103 

Chi Square = 1.96190 DP = 3 P m b  = 0.5804 

m u s h  or chronic 
bronchitis 1 0 0 4 5 

4.80 0.0% 0.00 11.4% 4.9% 

TOTAL 21 16 31 35 103 

Chi Square = 5.67351 DP 3 prob = o.izas 

Chest tishtness 1 0 11 9 21 
4.80 0.00 35.50 25.70 20.40 

TOTAL 21 16 31 35 103 

Chi Square = 12.2205 DP = 3 P m b  = 0.0067 

Dvsvnea 
Grade 

1 

L 

4 

19 16 
90.5% 100.00 

2 0 
9.50 o.oa 

0 0 
0 . 0 0  o.oa 

TOTAL 21 16 

Chi Square = 10.7740 

21 
67.70 

10 
32.30 

0 
0.00 

31 

DP = 6 

26 a2 
74.3% 79.6% 

a 20 
22.90 19.40 

1 1 
2.9% 1.00 

35 103 

P m b  = 0.0956 



TAatE 4-20. Prevalence of symptoms vs. type 
of grain handled 

F" 

1 
f 
r 

Svmntom colp whea+ - Both TOTAL 

19 14 23 0 56 
14.5% 11.3% 13.6% 0.0% 13.1% 

TOTAL 131 123 169 3 42 6 

Chi square = 1.07317 DP = 3 P r o b  = 0.7836 

Chronic 
bronchitis 10 11 10 0 31 

7.6% 8.9% 5.9% 0.0% 7.3% 

TOTAL 131 123 169 3 426 

Chi Square = 1.1926 DP = 3 P r o b  = 0 . 7 5 4 8  

Coush or 
chronic 
bronchitis 23 16 24 0 63 

17.6% 12.9% 14.2% 0.0% 14.8% 

TOTAL 131 123 169 3 426 

Chi Square = 1.7165 DP = 3 P m b  = 0.6333 

Chest 
tishtness 31 33 30 1 95 

23.7% 26.8% 17.8% 33.3% 22.3% 

TOTAL 131 123 169 3 426 

Chi Square = 3.82555 DP = 3 P r o b  = 0.2809 

D V s D n e a  
Grade 

1 96 
73.3% 

2 30 
22.9% 

3 4 
3.1% 

4 1 
0.8% 

5 0 
0.0% 

101 
82.1% 

20 
16.3% 

2 
1.6% 

0 

0 
0.0% 

0 . 0 %  

129 3 
76.3% 100.0% 

34 0 
20.1% 0.0% 

4 0 
2.4% 0.0% 

1 0 
0.6% 0.0% 

1 0 
0 .6% 0.0% 

329 
77.2% 

84 
19.7% 

10 
2.3% 

2 

1 
0.2% 

0 . 5 %  

TOTAG 131 123 169 3 426 

I Chi square = 5.91594 DP = 12 P r o b  = 0.9203 
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TABLE 4-28. Regression analysis of 
FEVlB % predicted and 
exposure index 

Std. 
N Rear Coeff error T Prob - 

All 407 - 0.0419 0.0308 - 1.36 0.1741 

Non-Smokers 150 0.0443 0.0456 0.969 0.3338 

Current 
Smokers 160 - 0.0546 0.0478 - 1.139 0.2563 

Ex-Smokers 96 - 0.0638 0.0727 - 0.879 0.3819 



I 

I :  
i 

TABLE 4-29. Regression analysis of FEF2575B 
and exposure index 

Std. 
2- Recrr Coeff error T Prob 

All 405 - 0.1478 0.0570 - 2.59 0.0099 

Non-Smokers 150 - 0.0855 0.0842 - 1.02 0.3110 

Current 
Smokers 158 - 0.1214 0.0917 - 1.32 0.1874 

Ex-Smokers 96 - 0.2158 0.1305 - 1.65 0.1016 



TABLE 4-30 .  Multiple linear regression analysis 
of FEVlB % predicted with exposure indices 

i 

407 cases 

Std. 
Req Coeff error T Prob 

Exposure index - 0.0192 0.00360 - 0.536 0.5925 

Years exposed 0.0941 0.1025 1.918 0.3591 

Pack years - 0.2440 0.0367 - 6.651 <0.0001 

r 



TABLE 4-31. Multiple linear regression analysis of 
FEF2575B with exposure indices 

i 

405 Cases 

Std. 
Reu Coeff error T Plob 

Exposure index - 0.0625 0.0660 - 0.947 0.3440 

Years exposed - 0.0528 0.1851 - 0.285 0.7757 

Pack years - 0.4288 0.0666 - 6.44 <o. 0001 



All 
, .  
. .  . .  

TABLE 4-32. Regression analysis of 
FEvl/FVC ratio before 
shift and exposure index 

Std. 
- N R e m  Coeff T && 

407 - 0.0621 0.0127 -. 4.89 <0.0001 

Non-Smokers 150 - 0.0354 0.0200 - 1.769 0.0790 

Current Smokers 160 - 0.0542 0.0195 - 2.77 0.0062 

Ex-Smokers 96 - 0.084 0.0283 - 2.97 0.0038 



TABLE 4-33 .  Multiple l inear regression of 
FEVlIFIIC ra t io  before s h i f t  with 
exposure indices f o r  all employees 

407 cases 

Std. 
Variable Reu Coeff error T 

Exposure Index - 0.0339 0.0143 - 2.365 0.0185 

Years exposure 0.0510 0.0513 0.994 0.3209 

Age - 0.1292 0.0391 - 3.301 0.0010 

Pack Years - 0.0951 0.0153 - 6.228 <o. 0001 



i 

Variable 

TABLE 4-34. Multiple linear regression of 
FEVljFVC ratio before shift with 
exposure indices for non-smokers 

Std. 
Reu Coeff error T 

Exposure Index - 0.0175 0.0232 - 0.753 0.4529 

Years exposure 0.0116 0.0866 - 0.134 0.8939 

Age - 0.0995 0.0615 - 1.616 0.1081 



I 

i 

I. 

I 

Variable 

TABLE 4-35. Multiple linear regression of 
FEVlfFVC ratio before shift with 
exposure indices for smokers 

Std . 
Rea Coeff error T Prob 

Exposure Index - 0.0166 0.0220 - 0.753 0.4524 

Years exposure 0.0080 0.0818 - 0.098 0.9218 

Age - 0.0821 0.0654 - 1.254 0.2117 

Pack years - 0.1383 0.0272 - 5.084 <o. 0001 



I 

Variable 

TABLE 4-36. Multiple linear regression of 
FEVlIFVC ratio before shift with 
exposure indices for ex-smokers 

Std. 
Reu Coeff error T - Prob 

0.0212 Exposure Index - 0.0754 0.0322 - 2.346 
Years exposure 0.1661 0.1036 1.603 0.1123 

Age - 0.3111 0.0847 - 3.673 0.0004 

Pack years - 0.0411 0.0278 - 1.479 0.1427 

I 



TABLE 4-37. Multiple linear regression of. 
decrease in FEVl during work shift 
with various indices of exposure 

Variable Resr Coeff Std. Error T Prob 

Dust level 0.2621 0.5911 0.4433 0.6578 
Pack years 0.0670 0.6710 0.0997 0.9206 
Age 3.915 1.7218 2.2737 0.0235 
Exposure index - 0.5673 0.6307 - 0.8883 0.3749 
Years exposed - 0.1395 2.257 - 0.0618 0.9507 



I 
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TAacE 4-38. Pulmonary function decrease during work 
s h i f t  a s  a function of current duet 
exposure l e v e l  

3 oust l e v e l  mm/m 
FEVl Chanae < 4  > 4 - 1 0  >10-15 >15 TOTAL 

< 10% decrease 168 (94.9%) 22 (91.7%) 10 (90.9%) 31 (93.9%) 231  (94.3%) 
- > 10% decrease  9 ( 5 . 1 % )  2 ( 8 . 3 % )  1 ( 9 . 1 9 )  2 ( 6 . 1 % )  14 (5.7%) 

TOTAL 177 2 4  11 3 3  245  

Chi Square = 0 .675884  DP = 3 P m b  = 0 . 8 7 8 9  

FEF2575 chanse 

< 10% decrease  149 (84 .2%)  21 (87.5%) 9 (81.8%) 27 (81 .8% 
- > ioa<zo% d e c .  18 (10 .2%)  2 ( 8 . 3 % )  5 (11.4%) 
- > 20% decrease  10 ( 5.6%) 1 ( 4.20) 3 ( 6.8%) 

T O T S  177 24 4 4  

Chi Square = 0 .603405  DP 6 P r o b  = 0 . 9 9 6 3  



, 

TABLE 4-39. Individual linear regressions 
at current dust level and 
pulmonary function test parameters 

Test 
DFFX1 

DFEF2575 

Ratio B 

FEF2575B Pred 

FEF2575A Pred 

FEVlB 

FEVlB Pred 

FEVlA Pred 

- N 
245 

243 

245 

243 

245 

245 

245 

245 

Recrr C o e f f  

0.0117 

0 . 0 3 0 4  

0 .0079  

- 0 . 0 0 2 0  

- 0 .0329  

0 .8679  

0 .0057  

0 . 0 0 3 5  

Std. 
error 

0 . 5 7 2 4  

0 .0263  

0.0157 

0 . 6 6 0 6  

0 . 0 6 2 5  

1 . 9 1 1  

0 . 0 3 4 7  

0 . 0 3 6 9  

T 

0 . 0 2 0 4  

1 . 1 5 8  

0 . 5 0 6  

- 0 . 0 3 3  

0 . 5 2 6  

0 . 4 5 4  

0 . 1 6 4  

0 . 0 9 5 9  

Prob 

0 . 9 8 3 7  

0 . 2 4 8 1  

0 . 6 1 3 0  

0 . 9 7 3 6  

0 . 5 9 9 3  

0 . 6 5 0 2  

0 . 8 6 9 9  

0 . 9 2 3 7  
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I: 
A l l  Emplopees 

FEVl percent predicted 
FEF2575 predicted 
Ratio FEVl/FVC 

TABLE 4-41. Before s h i f t  comparison of FEVl 
percent predicted,  FEVl/FVC r a t i o ,  
and FEF2575 percent predicted o f  
c l e r i c a l  workers with other workers 
by smoking s t a t u s  - numbers i n  ( )  

Non-Smoking Emvlovees 

FEVl percent predicted 
FEP2575 predicted 
Ratio FEVlfFVC 

Smokinq 

FEVl percent predicted 
FEF2575 predicted 
Ratio FEVl/FVC 

Prob 
Clerical  Ocher 1 t a i l  

101.2 (57) 98.02 (350) 0.0898 0.1796 
86.35 (57) 80.83 (348) 0.1011 0.2023 
82.16 (57) 79.75 (350) 0.0069 0.0137 

Prob 
C l e r i c a l  O t h e r  2 t a i l  

104.91 (36) 101.48 (114) 0.0882 0.1764 
90.75 (36) 86.42 (114) 0.1636 0.3272 
82.97 (36) 81.83 (114) 0.1415 0.2831 

Prob 
C l e r i c a l  Other 1 t a i l  2 t a i l  

95.19 (21) 96.34 (236) 0.3914 0.7828 
78.81 (21 78.11 (234) 0.4637 0.9274 
80.76 (21) 78.64 (236) 0.1091 0.2182 

I '  
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Health & Hygiene, Inc. 

I 
October 19, 1990 

Dear Mr. 

This is to confirm our telephone conversation and arrangements for the research project 
sponsored by the National Grain and Feed Association. Mateds are enclosed for distribution 
to your employees. Staff from Health & Hygiene will arrive at your elevator on 

. It is extremely important that participating employees come directly 
to the testing area prior to entering the elevator for their initial breathing test. 

Selected employees will be asked to wear a dust sampling device during their workshift. 
Approximately 4-5 hours into the workshift employees will return to complete a questionnaire 
and repeat their breathing test. Dust sampling devices Vnll be removed after 6-7 hours. 

A.conference will be held with management to review the day’s procedures. A brief medical 
examination will be conducted and employees will be given the results of their examination. 

After all testing has been completed you will receive a summary report of medical examinations 
and dust sampling results. 

Sincerely, 

David Rice, RN 

Ijc 

Enclosure 

420  Qalllmon Dalry Road Qmnsboro, North Carolina 27409 (919) 886-1818 



ATTACHMENT 2-2 

EMPLOYEE INFORMATION 

Our company has agreed to be part of a national study sponsored by the National Grain 
and Feed Association on grain dust. A representative from Health & Hygiene, Inc,, 
Greensboro, North Carolina will be at our facility on to conduct this 
study. All employees are asked to participate by having a breathing test done and completing 
a questionnaire. Some employees will be asked to wear a sampling device which measures dust 
exposure on the job. 

To get the best possible test results, a few simple rules should be followed. First, it is 
extremely important that you have your breathing test before going to your regular job. Report 
direct to , Second, we ask that you 

DO NOT SMOKE 
DO NOT EAT A HEAVY MEAL 
DO NOT USE MEDICINE TO HELP YOUR BREATHING 

for one hour before you are tested. 

A nurse or physician from Health & Hygiene will visit our facility later to follow-up 
the tests. Your test results will be discussed with you at that time. There is no cost to you 
for this service. Our company and the grain industry, as well as each of you, will benefit from 
this research. If you have questions, please contact We encourage your participation. 



A Research Study on Employee Exposure 
to Grain Dust 

.,And How You Can Help ... 
Our company is coopenring in a major nscuch 

pmjccton employ& uposurc 10 grain dustsponsorcd by 
the Naaonal Grain and F d  Association 

As a valued cmploytx. we want w share wirb you 
informadon on this resurch and how you can hdp. 

What are the Purpose and Goals of the Project? 

To help answer quaions about grain dust and iu 
effectonwcrkcncxposcdtoit. W e h o w d u s c u n b e a n  
irrirauc and nuisancC in heavy um+uIIIiizions and can 
botherindividuals withallcgics orrapiracarypmblcm. 
But it is not known if there arr signifcant effsu on 
normal healthy wo&ux 

The project har ovo major go& 

A To deccrmine atxul Icvek of cmployec txpontrc 
to gnin dusr 

A To fmd out whether health effects on the q i r a -  
tory system happcn moreoften among grain workvs than 
the g c n d  population. 

Wirh k a c  information, the indusay and our com- 
pany can decide what. if any. additional protccrive m a -  
UN arc n d e d  w reduce grain dust exposure. Since the 
health oiour work~rs  is of viral concern to us. we believe 
panicipation in this project is imponanr 

Who Will 00 the Tests7 

Haith and Hygiene Inc.. of Greensboro. N.C.. a 
rcspccud h d t h  r c w y c h  organization. 

How Can You Help? 

BycwpcnUngwirh thcrnediuldocmrornuneand 
indusmal hygicnc technician who will visit our facility 
soon Y pan of h e  research team. Of come. your 

pylicipauon is voluntary and there is no cost LO you. &l; 
your mylagcr any questions you may have before or 
during the projccr 

What's Involved in the Testing? 

I f y o u p a n i c i p a ~ . y o u ' U b c ~ c d t o ~ p a n i n c h n c  
WYS 

A By showing how well your lungs function by 
blowing inm a device rtrst rnea%rcs how much and how 
fast you can expel air h m  your lungs. 

A By answaing q u d o n s  about your g a d  hcalth 
and any allergies you may have. 

A By u k k g  a iimircd medical cxarnirmion done by 
thedoclorornurscarourplanr Only yournoseand ttnoar 
will be examined. and your h e n  and lungs will bc 
lincned m thmugh a surhcscope. 

You may also be asked (0 wear a small collection 
device 10- on your shin that samples the air you arc 
b&g for a few hours while you w o k  

Are Test Results Confidential? 

Yes! Rcxarchcn will discuss your ust rcsulu with 
you and wiU not relcase the rcsuiu (0 anyonc else - even 
your cmploycr - without your wri t tu  permission Rc- 
sulu obtained fmm monitoring cmployecs in our plant 
will be combined with data from hundreds of othcr 
workers in our indumy to provide more grain dust expo- 
sure informarion than has eve: k e n  available bcforc 

will You Helo? 

Although g m n  dust :xwsurc has not been a major 
problem at our facility. we n d  u) lm more. This 
project is a gocd way to do ir It  will involve a minimum 
of lime and inconvenience on your p a n  Yet the r w l t s  
hopefully will provide r d  knefi tz for our emphycS 
and our indumy. We hope Y many o i  our mployC?3 as 
possible will panicipatr 

Tnanks for your help! 
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Health & Hygiene, Inc. 

MEDICAL CONSENT FORM 

NAME (please print) 

I agree to participate in a research study sponsored by the National Grain and Feed Association 
and conducted by Health & Hygiene, Inc. I understand that my medical evaluation will consist 
of a breathing test, respiratory questionnaire, and limited physical examination. I also 
understand that this evaluation will be maintained in a confidential manner by Health & 
Hygiene, Inc. and released only with my written permission, but that the data, without 
identifying me, may be used in reports to the National Grain and Feed Association. 

c Signed: 

Date: 

Witness: 

420 Qalilmore Dalry Road Qmnsboro. NorthCarolins 27409 (919) 668-1818 



RESPIRATOR USER'S OUESTIONNAIRE 

DATE 

A. I DENT IF I CATION 

Plant (sice) Job 
Current Work Schedule 

Name SS# 

DOB Ht we Race - Sex 

B. MEDICAL HISTORY 

Have you ever been told you had or been treaced for: 
responses) 

(please explain yes 

1. Asthma, hayfever or sinusitis 
2 .  Emphysema, bronchitis or respiracory problems 

3 .  
(1. 

5. 
6 .  
7. 

9. 
a .  

10. 
11. 
12. 
13. 

Allergies 
Diabetes 
Cancer 
High blood pressure 
Hearr problems 
Emotional illness 
Faincing or seizures 
Rupcured eardrum 
Defective vision (wear giasses or concaccs) 
Defeccive hearing 
Are ehere ocher conditions which may interfere with respiracor use 
or result in limited work activicy? 

C. OCCUPATIONAL HISTORY 

1. How long wich current employer? 
2. How long wich presenc job?  
3 .  How many hours of esposure per day? 
L .  Present or previous work exposures to: (please circle) 

Wood Dust Y N  Chromium Y N  
Silica Y N  Sand blascing Y N  
Foundry Y N  Solvents Y N  
Asbestos Y N  Cotron. flax. hemp Y N  
Formaldehyde Y N  Urethane foam Y N  
Ocher (identify) 

5 .  Exposure eo duses or chemicals at home or on 2nd job? 



6. Is chere a dusr o r  chemical ac work t h a c  causes breaching problems? 

D .  RESPIRATORY HISTORY 

1. Cough 
Do you usua l ly  cough (on geccing up) 
f i r s t  th ing  i n  che morning? 
(Counr a cough with f i r s r  smoke o r  on 
" f i r s c  going our of doors." 
Exclude c l ea r ing  th roa r  or  a s ing le  cough.) 

Do you usua l ly  cough during the day o r  
ac night?  

If  "Yes" K O  e ieher  quesrion: 

Do you cough l i k e  ch i s  on most days f o r  as 
much as chree monchs a year? 

Do you cough on par r i cu la r  day of che 
week? 

(Ignore an occasional cough) 

2 .  Phlegm 

Do you usua l ly  (on geccing up) bring up 
any phlegm from your chest  f i r s c  thing i n  
che morning? (Counr phlegm vich the f i rs t  
smoke o r  on " f i r s t  going ouc of  doors." 
Exclude phlegm from che nose. Counr 
swallowed phlegm). 

Do you usua l ly  br ing  up any phlegm from 
your ches t  during the day o r  ac nighr? 
Accepc cwice or.) 

If "Yes" eo e i t h e r  quescion: 

Do you br ing  up phlegm l i k e  t h i s  on mosc 
days f o r  a s  much as chree monehs each year? 

If "Yes" co quescion: 

How long have had c h i s  (cough) phlegm? 
(Write i n  number of years)  

2 years o r  less 
Uore rhan 2 years - 9 years 
10-19 years  
20+ years  



I 

. -  

3 .  Chesr illnesses 

I 
I 

~ 1.- 
I '  

I 

I. 
It 

In'che pasc three years. have you had No - 
a period of (increased) *cough and phlegm Yes, only one period - 
lasting for 3 weeks or more? Yes, cwo or more 

periods - 
* For subjects who usually have phlegm 

During che pasc 3 years have you had any 
chest illness which has kept you off work, 
indoors at home or in bed? (for as long as one 
week. flu?) 

If "Yes": Did you bring (more) phlegm Yes - 
than usual in any of these illnesses? 

If "Yes": During che past three years have you had: 

No - Yes - 

No - 

Only one such illness with increased phlegm Yes - a- 
No - More chan one such illness Yes - 

& ,  Tightness 

No - 
Yes - No - 

Does your chest ever feel tight or your 
breaching become difficult? 

Yes - 
Is your chesc tight or your breathing 
difficult on any parcicular day of the 
week? (afcer a week or LO days away from the 
mill ) 

If "Yes" Monday: 

Ac what cine on Monday does your 
chest feel cighc or your After encering che mill - 
breathing difficult? 

Ask only if NO eo Quescion: 

In the pasc. has your chest ever been Yes - 
eight or your breaching difficulc on any 
particular day of the week? 

If "Yes": Which day? 

Mon . Tues . Wed. Thur . F r i .  Sac. Sun. 
(1) ( 2 )  

Sometimes Always 

Before entering the mill - 

No - 



5 .  Breathlessness 

! 

I 

I 
I .  

Are you ever troubled by shortness of breach Yes- No - 
when hurrying on the level or walking up a 
slight hill? 

If "No", grade is 1. If "Yes", proceed t o  next question. 

Yes - No - Do you get shorc of breach walking wich 
other people ac an OrdiMry pace on the 
level? 

If "No", grade is 2 .  If "Yes" proceed to next question. 

Do you have to stop for breach when walking Yes- No - 
at your own pace on the level? 

If "No". grade is 3 .  If "Yes", proceed to next question. 

Are you short of breath on washing or 
dressing? 

If "No", grade is 4 .  If "Yes", grade is 5 

6. Tobacco use 

Do you smoke? 
Record "Yes" if regular smoker up t o  
one monch ago. (Cigaretces, cigar or pipe) 

If "No" : 

Have you ever smoked? (Cigarettes, cigars. 
pipe. Record "No" if subject has never 
smoked as much as one cigarette a day, or 
102. of robacco a monch. for as long as one 
year) 

If cigarerces , how many packs per day? 
(Write in number of cigarettes) 

Number of pack years: 

If an ex-smoker (cigarectes. cigar or pipe). how long 
since you scopped? (Wrice in number of years) 
0-1 year - 
1-4 years - 
5 - 9  years - 
LO+ years - 



Do you wear a respirator on your job? 
TYPe HOW much of your work day is d respirator 
worn? 

Have you had breathing problems at work in the pasr year char you atcrlbuce 
to work? (Explain) 

Employee Signanue Interviewer 
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APPENDIX 
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Elevator ID: 
Recorder: 
Date: 

WORKER EXPOSURE TO DUST 
IN THE GRAIN INDUSTRY 

National Grain and Feed Association 
Washington, DC 

Facility Name: 
Address: 

Contact: 
Title: 
Telephone: 

Health & Hygiene, Inc. 
Greensboro, North Carolina 

, -  

i 



L: 
L: 
f . .  
1 

ti 

I 

E 



I 
!.. 

PUMP 
NO 

ELEVATOR ID: 
R x o m a :  
DATE: 

1 FLOW 
RATE 

TIME or COUNT 

SET VOL ' 1 2  3 *rg 

I I 
I 

Health & Hygiene, Inc. 
CALIBRATION LOG 

- 
I I  
I I  I 

I 
I 

I 1  
I I  I 
I 1  I 

I 1  I 

I I  I 

~ I I  I 

CLIENT SAMPLING ELEMENT 

PUMP NO 

SolniAmr 

Con'tg 

VOLUME INDICATOR TEMP PRESSURE 

I 

! I 

I I 
I 
I I 

I 
I I 
I I 
I I 
I 

Oa:? 



Elevator ID: 
Recorder : 
Date: 

ELEVATOR QUESTIONNAIRE 

facilitv Inform ation 

Type elevator? Country Terminal Export 

Region? Central- S E- NE SW- NW- 

Date elevator built? Additions? 

What is elevator capacity? Throughout? 

Number of bins? Type bins? 

Eow many months/year is elevator operated? 

What types of grain are handled? Barley Corn 
F l a x  Milo Oats Rice 
Soybeans Sunflowers Wheac 
Other 

hlat grain conveying equipment is used? Belts- Drags 
Serew conveyors- Elevators Others 

FaCi litv ODera t i o m  

What types of unloading done? Truck Rail 

Khat types of loading done? Truck Rail 
Barge Ship 

I s  cleaning done? Drying? 

Dust Controls 

Khat engineering techniques are used for dust control? 

Khat type of dust collection is used? Cyclone 
3aghocse Gther 

Are working areas open or enclcsed? 

Is an oil additive used for dust control? 
Khich one? At what rate? 

Do employees typically use respirators? 
Khat type? 
Is tAere a vrtten program? 

Khat clezn up procedures are used? 
I 
I 



Currpn t ODerations 

What grain(s) are being handled today? Barley Corn 
Flax Milo Oats Rice 
Soybeans Sunflowers Wheat 
Other 

Khat is the moisture content of the grains being handled? 

Are current conditions typical or normal? 
If no, explain. 

Comments 

-2-  



F a c i l i t y  I D :  
Recorder: 
Date: 

OBSERVATIONS 

1. Schematic layout of elevator area 

Indicated loading/unloading sites, dust control equipment, 
pulmonary tests site, area sampling locations 

2. Employee activities and work practices 

3. Engineering/Administrative controls 

4. Respiratory Protection 




