
ance with the American's with Disabilities Act, 
engineering and administrative controls, and 
program evaluation. 

304 
DMSIONS AFFECTED BY HIGH INCIDENT 
AND LOST WORKDAY INCIDENT RATES OF 
SPRAINS/STRAINS AT A PUBLIC UNIVERSI­
TY AND CORRELATION WITH JOB TASKS 
AND PSYCHOSOCIAL FACfORS. E.M. Kraft, 
Maple Glen, PA; R. Thomas, S. Maghsoodloo, 
Auburn University, Auburn, AL 

There is currently no evidence of a public uni­
versity ergonomics program in the literature. 
The purpose of this work is to identify divisions 
with high incident rates and lost workday ind­
dent rates of sprains/strains as wen as risk fac­
tors for these injuries to detennine the focus for 
a university ergonomics program. 

Average incident rates and lost workday inci­
dent rates were calculated for all 
sprains/strains, back. lower extremity, and 
upper extremity sprains/strains during 1990 to 
1994 tor each division. A survey focusing on 
potential risk factors that could lead to injuries 
due to ergonomic risk factors was administered 
to employees in various divisions. A 
Speannan's correlation coefficient rB, was calcu­
lated to determine which responses from the 
survey were positively correlated with lost 
workday incident rates for overall, back,lower, 
and upper extremity sprains/strains. 

Facilities (1.86) and printing (2.47) had aver­
age incident rates for back sprains/strains 
greater than 1.0 per 100 employees during 1990 
to 1994. The bookstore (2.01), facilities (l.03), 
and safety and environmental health (1.57) had 
average incident rates for upper extremities 
sprains/strains greater than 1.0 per 100 
employees during 1990 to 1994. The airport 
(2.22). bookstore (2.83), university relations 
(3.00), facilities (4.02), risk management and 
property services (2.67), had average lost work­
day incident rates for sprains/strains greater 
than 1.0 per 100 employees during 1990 to 1994. 
Incident rates of sprains/strains were positively 
correlated (p<O.10) with self-reported lower 
extremity pain, lifting, power tool use, fatigue 
symptoms, lack of employee workplace control, 
job dissatisfaction. negative employee supervi­
sor relationships, and poor workstabon seating 
design. Lost workday incident rates for 
sprains/strains were positively correlated 
(p<O.10) with lifting and carrying activities, 
power tool use, workstation and seating design, 
trouble concentrating at the day's end, poor 
supervisor and employee relationships, lack of 
communication with co-workers, the university 
administration's lack of concern for employee 
weUare, working afternoon shift, and a lack of 
job satisfaction. 

When reviewing accident records it is Impor~ 
tant to consider risk facton> about the tasks and 
workplace design as well as the impact of men­
tal stress and other psychosocial factors. A uni­
versity ergonomics program should focus on 
red ucing back sprains / strains occurring in d ivi­
sions such as facilities and printing where lift­
ing is a common task; lower extremity 
sprains/strains occurring in divisions such as 
bookstore, graduate schoot the police division, 
and the Space Power Institute; and upper 
extremity sprains/strains occurring in divisions 
such as the bookstore, facilities, and safety and 
environmental health. 
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EVALUATION OF A SAFETY PROGRAM FOR 
TIiE RESIDENTIAL CONSTRUCTION INDUS­
TRY. S. Greenstein, Technical Assistance and 
Training Corp., Colorado State University, Ft. 
Collins, CO, P. Bigelow; T. Keefe, Colorado 
State University, Department of Environmental 
Health, Fort Collins, CO 

A pilot safety program called HomeSafe was 
developed speCifically for the residential con­
struction industry and implemented in a large 
metropolitan community. The Code of FederQI 
Regulations Part 1926 provides detailed safety 
and health standards ior the entire construction 
industry, but the standards are not always rele­
vant to the unique work practices of residential 
construction. HomeSafe provides sound and 
practical safety principles that will reduce the 
number of work-related accidents and fatalities 
on residential construction sites. This program, 
sponsored by OSHA and NIOSH, consists of 10 
general categories that encompass the most 
common safety hazards encountered on resi~ 
dential construction sites. The program is 
intended to be exportable to all communities 
where residential construction is occurning. 

In an effort to evaluate the effectiveness of 
the HomeSafe program, an on-site, behavior­
based safety audit was developed. The purpose 
of the audit was to assess safety hazards and 
safety compliance on residential construction 
work sites. The audit was administered to resi­
dential construction companies that perfonned 
labor on-site. The degree of safety perfonnance 
companies exhibit on residential construction 
sites was dependent on several factors. A num­
ber of variables on the audit were tested to 
determine their effect on safety performance. 
An~lysis indicated that the most sigmficant 
variables in safety performance included the 
amount and type of safety training companies 
had teceived, type of company trade, and par­
ticipation of general contractors in HomeSafe. 

306 
WORK RELATED INCIDENT TRENDS FOR A 
HAZARDOUS WASTE CLEANUP COMPANY. 
F. Akbar-Khanzadeh, G. Rejent, Medical College 
of Ohio, Toledo, OH 

Very limited reports are available to assess 
work-related. accidents in hazardous waste 
cleanup activities, though the rules set by the 
Occupational Safety and Health Administration 
(OSHA) for hazardous waste operations and 
emergency response (Title 29 CFR 1910.120), 
also known as HazWOpER standard, have been 
in existence for more than a decade. This study 
was conducted to evaluate incident trends in a 
relatively large hazardous waste cleanup com­
pany with approximately 3100 employees. The 
data for 6.5 years (26 quarters from winter 1990 
through spring 1996) provided 1848 inddent 
cases with 15 variables for each incident. Over 
70% of incidents involved trauma (physical) 
injuries with almost one-third related to the 
upper extremities, particularly the fingers and 
hands. About 3% of incidents were related to 
disease/exposure; 1 % involved cumulative 
injuries/illnesses; and 25% were not classified. 
Field workers had the highest frequency of ind-
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dents (490/0), followed by project supervisors 
(13%) and equipment operators (10%). For th .. 
time period studied, incidence rates (IR) for 
each of the four OSHA recordable incidents 
(lost time, medical, restric:ted, fatalities) and 
also for all recordable incidents decreased sig. 
nificantly (p<O.Ol). The JR for all recoJ.'dable 
incidents ranged from 11.9 {or the second quar­
ter of 1990 down to 1.2 for the fourth quarter of 
1995. It was concluded that because the 
HazWOpER standard mak~ provisions mainly 
for chemical exposures, the early efforts of this 
company focused more on the chemical haz­
ards. paying less attention to the physical! 
mechanical hazards. In later years, the compa­
ny's health and safety programs gradually were 
enhanced through hands-on experience and 
included construction safety issues. Improved' 
hazard control methods reduced the total num­
ber of incidents. 

307 
SILICOSIS PREVENTION IN mE ABRASIVE 
BLASTING INDUSTRY. A. Ells, K. Rosenman. 
Michigan State UniverSity, East Lansing. MI 

This presentation reports the results of a 
study conducted with Michigan abrasive blast­
ing (sandblasting) workers. 

Of the 306 abrasive blasting companies iden­
tified in Michigan, 191 (62%) use silica as an 
abrasive. Of those, 83 agreed to participate in 
the study and receive health and safety train­
ing. Two survey forols were generated to record 
conditions before and after the training. The site 
conditions survey was used to record general 
site infonnation, work practices, personal pro­
tective equipment, and hazard control technolo­
gy. The employer questionnaire was used to 
examine management commitment to silicosis 
prevention, employee participation in safety 
and health programs, silicosis prevention and 
control methodologies in place, and safety and 
health training related to silicosis. 

Among the first 52 companies surveyed, 3S 
(67.3%) of the companies indicated they have 
respiratory protection programs (although only 
18 (35%] had a written program), 8 (15.4%) do 
not require respiratory protection to be worn 
during blasting, 19 (37%) do not require protec­
tive clothing to be worn during blasting, 44 
(84.6%) have no warning signs for silica expo­
sure posted, 50 (96.2%) have never performed 
air sampling for silica, 28 (56.0%) of companies 
use no control (containment or ventilation) 
technology, 38 (73.1%) have no medical moni­
toring program, 42 (80.8%) do not have a safety 
committee. 

It is concluded that despite the availability of 
infonnation and knowledge on the hazards of 
abrasive blasting, particularly with silica, com­
panies continue to use hazardous practices and 
expose their workers to levels of respirable sili­
ca without adequate protection. 

308 
EVALUATION OF SUBSTITUTFS FOR SIUCA 
SAND IN ABRASIVE BLASTING. M.P. 
Greskevitch, NIOSH, Morgantown, WV; S. 
Atkins, Minerals Management Service, 
Centreville, VA 

To encourage the use of substitutes for silica 
sand in abrasive blasting, NIOSH investigators 
collected data regarding silica sand and 10 sub­
stitute abrasives in an environmentally con­
trolled blasting laboratory. The abrasives 
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included silica sand, coal slag. copper slag, 
nickel sla~ gamet, staurolite, olivine, crushed 
glass, specular hematite, and steel grit. Some of 
the silica sand, coal slag, and copper slag abra­
sives were treated with a dust suppressant. 

Untreated: silica sand had the slowest aver~ 
age cleaning rate, while copper sRag had th~ 
fcl$t~st. The abr~si~es' average consumption 
tanged from 6 lbs/ftl of steel surface cleaned 
fur specular hematite t() 25lbS/ft2 far steel grit. 
The abrasives' average cleaning costs ranged 
£:rom aool;lt $2.60/ft2 of steel surface cleaned for 
ollvin~ to as high as 53.60/ ft 2 for silica sand 
and cmst\ed gla1 This cost rant;e demon­
strates that end-users should consider economic 
factors other than mere price per ton of deUv-­
~ted abrasW~. Although silica sand has the low­
est price per ton of delivered abrasive, it had 
the highest cost per square foot of steel' sunace 
cleaned. Treated coal slag had the lowest aver~ 
age personal rf>Spirable dust concentr.ation, 
wh.i)e crushed glass had the highest. Nine of the 
abrasives did not have detectable levels of 
quartz. $even of the 13 abrasives did not have 
dete-ctable levels of a~c. Copper slag had the 
highest average lead concentration. 

"!be NIOSH inVesti&,ltOrs concluded that sili­
ca Stll>stitutes may present their own toxicity 
concerns, although the substitutes examined are 
not necessarily repzesentative of all substitutes. 
In spite of those concerns, the investigators con­
dude that the longstanding NIOSH recommen­
dations to prohibit blasting with materials con­
taming more than 1% crystalline silica is still 
appropriate and feasible. 

309 
EVALUATION OF VIBRATION IN HEAVY 
CONSTRUCTION EQUIPMENT. N.K. 
Kittusamy, Marshall University, Huntington, 
WV; B. Buchholz, University of Massachusetts 
Lowell,MA 

Past studies have shown that musculoskele­
tal diseases affect operators of heavy construc­
tion equipment. Some risk factors include 
whole body vibration (WBV), awkward postur­
al ~uiretnents, and psychosocial factors , 
Although several studies have illustrated an 
association between operating heavy construc­
tion equipment and manifestation of museu­
loskdetal diseases, only a few studies have 
quantitatively evaluated the exposures. 

It is believed that reducing Ihe exposure to 
WBV may be an important factor in determin­
ing the health, comfort, and efficiency of these 
operators. High levels of acceleration in the 
lower frequencies can ~ deleterious to the 
10w~r back. Studies that evaluate the exposure 
to WBV in field settings are laCKing. The objec­
tive of this study was to evaluate the vibration 
at the seat/operator interface (X, Y, and Z axes) 
and the transmissibility of vibration in the Z 
axis, from the floor of the cab to the seat, in con­
struction equipment (i.e., excavators, backhoes). 
SpecificaUy, vibration and transmissibility were 
evaluated When the equipment were idling 
(high and low) and digging. Vibration measure­
ments were performed using a tn-axial piezore­
sistive seat pad accelerometer at the seat and a 
singJ~axis piezoresistive accelerometer at the 
floor of the cab. A Hanning window was 
applied' to the time domain data and then a fast 
Fourier transform (FFr) was perfonned to trans­
IOml ilie data to the frequency domain. The 
results indicate that the digging operation had 
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higher levels of total weighted acceleration than 
high Or low idling. If these were the WBV levels 
for an 8 hour day, the dlggjng task would 
exceed the limit of 0.5 m / s2 recommended by 
the European Commission. The transmissihility 
data showed that the seat was amplifymg vibra­
tion parijcu1arly at thf! lower frequelldes. The 
seats in these equipment demonstrate that they 
may not be sufficient in protecting operators 
from 'long-term effects of vibration exposure, 

310 
EVALUATION OF DRYWALL HANGING 
TASKS USING A QUESTIONNAffiE. C.S. Pan, 
S. Chiou, H. Hsiao, NIOSH, Morgantown, WV 

Constant handling of massive and bulky dry­
wall sheets creates hazards umong drywall 
installers. Among handling activilies, 
hanging/lifting/carrying were found to be the 
most hazardous tasks, in a focus group-based 
study. The objective of this srudy was to identi­
fy the most hazardous activities associated with 
drywaU hanging tasks. A questionnaire was 
used for the survey. In the queslionnaire, three 
hanging tasks were included: (1) hanging dry­
wall on the ceiling; (2) hanging drywall on the 
waU (upper half)j and (3) hanging drywall on 
the waIl (lower half). Each of the three tasks 
was broken into 15-17 constituent activities. 
Workers were asked to rate the physical stress, 
fall potential, and risk of being struck 
by /againsl an object for these activities, using a 
seven-point scale (l=hardly at aU to 7=a great 
deal). Sixty carpenters (mean age: 43.7:1: 9.6 
years) with drywall hanging experience (mean 
experience; 14.1 ± 8.7 years) from the 
Carpenters' Union located in Charleston, W.v., 
partidpated in this study. All the participants 
completed the survey, Workers rated. hanging 
drywall on the ceiling as the most hazardous 
task with the mean ratings of 3.65 for ph~sical 
stress, 3.05 for fall potential. and 3.06 for risk of 
being struck by / against an object. Among all 
activiti('s associated with hanging drywall on 
th~ ceiling, lifting/carrying/holding drywall in 
an overhead position was perceived as most 
stressful (physical stress=5.6). foUowed by lift­
ing drywall to scaffolding (physical stress=5.3) 
and calTying drywall to be cut at ground level 
(physical stress=4.6). The activity of ascending 
scaffold/stilts before hanging dryv..·all on the 
ceiling was perceived as having the greatest fall 
potential (mean=4.6). In addition, lifting dry­
waU to scaffolding was perceived as having the 
greatest risk of being struck by/against an 
Object. Results from this study provide detailed 
jnformation to understand hazardous 

\ tasks/activities related to drywaU hanging as 
viewed from the workers' perspectives. 

311 
SOFT TISSUE INJURY PREVENTION IN CON­
STRUCTION: TRAINING FOREMEN TO 
IDENTIFY ERGONOMIC RISKS THROUGH 
WORK SITE OBSERVATION. S. Hecker, B. 
Gibbons, Labor Education and Research Center, 
University of Oregon, Eugene, OR 

A soft tissue injury prevention policy (STIP) 
was developed with a large gen{'ral contractor 
to address high incidence of musculoskeletal 
di5{)rders in construction workers. The policy 
targets manual materials handling, work 
heights, body me<:hanics, and conditiOning 
through a daily stretching regim('n. An accom~ 
panying survey worksheet with instructions 

wa~ developed to implement the polky. 
Implementation was attempted on a large fast­
track construction site by targeting foremen 
from various trades and subcontractors who 
were designated as safety group leaders, 
Training on ergonomic risk factors, specifics of 
the policy, and use of the worksheet was pro­
vided at weekly safety group leader meetings. 
Foreman were instructed to observe and record 
ergonomic risks during weE'kly safety wa Ik­
throughs already required of them. An ergono­
mist also perfoTIn€'d weekJy audits in selected 
areas of the site. Effe<:ts of training and policy 
implementation were assessed through a tele­
phone survey of foremen, interviews with the 
site superintendent, and comparison of ergono­
mist and foremen audit findings. In interviews 
70%. of foremen were able to identiJy at least 
one ergonomic risk factor, and 46% identified 
risks in specific tasks of their trade because of 
the intervention. Only 12% carried out the 
ergonomic audit and 4% used the survey form. 
Low participation in safety walk-throughs 
resulted from lack of time, resistance of super­
visor, and poor communication. Low participa­
tion in ergonomic audits resulted from training 
deficiencies, resistance to paperwork, and IH!r­
ceived lack of relevance. Awareness oc muSOl­
loskeletal injury risk was high, but such risks 
were not st:'en as the major hazards on the site. 
Where specific interventions took place on 
ergonomically hazardous tasks, crews had 
greater awareness of risks and countermea­
sures. Recommendations indude e-stablishing 
accountability with subcontractors in the bid 
process and with foremen and superin.tendents 
at outset of project, more systematic training, 
and clearer demonstration of task-specific 
ergonomic solutions. 

312 
COlvfPONENT ANALYSES OF GRAIN DUSTS 
THAT CONTRIBUTE TO OCCUPATIONAL 
LUNG INJURY. A. Marinez, G. Cosma, 
Colorado State University, Fort Collins, CO; G. 
Kullman, D. LewisJ N10SH, Morgantown, WV; 
H. Gardner, U.S. Army Center for 
Environmental Research 

We have developed a lung cell model to 
explore the pathways of oxidalive injury in 
lung alveolar macrophage (AM) cells exposed 
to respirable grain dusts. There is a twofold 
purpose for performing these studies: (1) identi­
fy major toxic components of grain dusts and 
(2) dt>fine underlying pathways of inflammato­
ry lung injury. Airborne, respirable wheat and 
com dusts were collected at 10 grain elevators 
in southeastern and northeastern Colorado dur­
ing harvest. High~flow air pumps, set at 1.7 
L/mln, were us.ed with 10 em cyclones to col­
lect dust sampl~s. Samples were analyzed for 
levels of bacterial endotoxin via chromogenic 
limulus amebocyte lysate, crystalline silica via 
X-ray diffraction, and 20 metals via inductively 
coupll"d plasma/mass spectrometry. 
Surprisingly, aluminum levels were found to 
exceed the part per thousand level, while iron 
was the second most common metal detected in 
grain dusts. As expected, endotoxin levels var~ 
ied with site and grain; however, we have 
found impe.rfect correlations hetween levels of 
endotoxin contamination in dusts and the 
severity af the following inflammatory respons­
es in dust-exposed AM cells: (1) production of 
hydrogen pero)(id~ and (2) synthesis of 
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