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proved laboratory methods, including the
use of two enrichment incubation temper-
atures to increase Sablonella culture sen-
sitivity, would allow for early detection of
deficiencies in egg handling and process-
ing, and could eliminate Sabnonella egg
contamination as a potential cause of dis-
ease in the community. []
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Agricultural Machine-Related Deaths
Jo/rn R Etherton, MEA, John R Myers, MSF, Roger C. Jensen, PhD, Julie
C. Russell PhD, and Richard W. Braddee, BA

Introduction

Fatalities among farm machine opera-
tors present a conspicuous injury target for
public health action.`3 Farm tractors are
known to be particularly deadly,' but pre-
vention progms appear to be floundering.

As a first step toward the establish-
ment ofpriorities for fatality prevention pro-
grams in agriculture, we decided to examine
the National Traumatic Occupational Fatal-
ity(NTIOF) database maintainedbythe Na-
tional Institute for Occupational Safety and
Health (NIOSH).7'8 Previous analysis of
NTOFdatafortheyears 1980-85 had shown
that the Agriculture, Forestiy, and Fishing
industry had a fatality rate of 20.7 per
100,000workers, a rate 2.6times higherthan
the national average for all industries of 7.9
deaths per 100,000 workers.7

Methods

Death certificate data inNTOFwere
reviewed to identify persons killed while
working with machines. Machine-related
fatalities were identified by codes E919.0
to E919.9 according to ICD-9. Next, the
type of machine involved in each ma-
chine-related fatality across all United
States industries was ascertained by re-
viewing the description of the cause of
death on the death certificate. All agri-
cultural tractor-related fatalities were
then categorized and compared by the
Standard Industrial Classification (SIC)
for the industry in which the incident oc-
curred.9 Age at death was determined for
those fatalities associated with tractors,
augers, hay balers, combines, and other
agricultural machines.
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Resudts
The search ofNTOF cases identified

5,061 machine-related fatalities coded E
919.0 to 919.9 (Table 1). Agricultural ma-
chines were involved in 2,216 deaths, an
annual average of369 deaths peryear. The
second ranking machine category on the
list is lifting machines (cranes, forklifts,
etc.) which averaged 170 fatalities annu-
ally, less than half that of agricultural ma-
chines.

The seven types of agricultural ma-
chines with greatest fatality frequency are
listed individually in Table 2. Machines
with a frequency less than 1 percent were
combined into one category. The final cat-
egory includes fatalities in which the type
of machine was not specified on the death
certificate. These data indicate that trac-
tors are involved in the vast majority of
agricultural machine-related fatalities. All
other agricultural machines are involved
in far fewer fatalities when compared to
tractors.

Tractor overturns were the single
most important event in fatalities involv-
ing tractor operators. Of the tractor-re-
lated fatalities in the NTOF data set, 52
percent were rollovers. Another 16 per-
cent involved the victim being run over,
such as instances in which an operator fell
off the tractor and was run over. About 7
percent of the tractor-related fatalities
were associated with the power-takeoff.

From the Division ofSafety Research, National
Institute for Occupational Safety and Health,
Morgantown, West Virginia. Address reprint
requests to John Etherton, DSR/NIOSH, 944
Chestnut Ridge Road, Morgantown, WV
26505. This paper, submitted to the Journal
March 19, 1990, was revised and accepted for
publication January 23, 1991.

Farm tractors are used in many in-
dustries. For example, using farm tractors
to pull cut timber in logging operations is
considered to be a manufacturing inIustry
activity. Of farm tractor-related fatalities,
59.3 percent occurred in the agriculture,
forestry, and fishing industry, while man-
ufacturing, services, and construction in-
dustries each contributed over 5 percent
to the national death toll. Victims over 50
years old accounted for 62 percent offarm
tractor-related fatalities, and victims over
age 60 accounted for 44 percent of farm
tractor-related fatalities.

Discussion
The findings reported here are similar

to those reported in studies of farm fatal-
ities in Wisconson5 and Georgia.6 All of
these investigations found that tractor
overturns accounted for the largest pro-
portion of farm deaths (Wisconsin 52 per-
cent; Georgia 76 percent; US 52 percent.)

Education, enforcement, and engi-
neering control are often cited as the av-
enues for prevention of occupational inju-
ries and fatalities. The mandatory
education approach to farm tractor safety
has not yet received sufficient emphasis.
Some training is available through volun-
tary organizations such as the 4-H and Fu-
ture Farmers of America. However such
training is voluntary. It is unnecessary to
pass a test, as is the case with obtaining a
license to operate a motor vehicle, unless
the tractor driver is age 14-16 and em-
ployed by someone not in the family.10
For all other farm tractor drivers, no i-
cense of any kind is required. Further-
more there is no competency-based certi-
fication program for tractor operators.

The enforcement approach also has
problems. In its annual appropriations
bills for the Occupational Safety and
Health Administration (OSHA) in the US
Department of Labor, Congress has con-

sistently attached a rider which denies
OSHA the authority to inspect farms with
fewerthan 11 employees. Thisexempts89
percent ofUS farms which may choose to
comply or not comply with federal safety
standards, free of an OSHA inspection.
Unlike some consumer products, which
may not be sold in the US if they do not
meet regulations ofthe Consumer Product
Safety Commission, the sale of farm ma-

chinery is not regulated for safety. Be-
cause most farm workers are not covered
by OSHA enforcement, regulating farm
machine safety at the point of sale has
been suggested as a promisingway to pro-
tect farm workers from machine hazards.

The engineering approach involves ef-
forts at preventing rollovers, aswell as pro-
tecting operators ifa rollover doesoccurby
fitting tractors with rollover protective
structures (ROPS). Much effort has al-
ready gone into the design of ROPS for
tractors, and industry-accepted voluntary
standards call for the provision ofROPS on
new tractors. OSHA has a requirement
that employers must have ROPS on new
tractors built since October 25, 1976. One
of the difficulties encountered in this ap-
proach is the fact that farm tractors tend to
be used for so manyyears that replacement
of older tractors with newer, safer tractors
is proceeding very slowly. There is also a
problem with some farmers removing
ROPS from new tractors. Considering all
these factors, during the next 10 or20years
it is unlikely that the percentage of tractors
with ROPS will increase rapidly unless
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some significant changes take place. Al-
though engineering has provided the tech-
nology for preventing most fatalities due to
tractor rollovers, it appears that voluntary
implementation is very slow.

In Sweden a very significant reduc-
tion in tractor rollover fatalities has been
brought about by requiring rollover pro-
tection on farm tractors.11 Between 1961
and 1983, Sweden was able to drop its
annual fatality rate for tractor overtuning
from 12 per 100,000 farmers to 1 per
100,000 farmers. This was accomplished
through regulations introduced periodi-
cally between 1959 and 1981.

It will take cooperative action, includ-
ing input from farmers, to develop creative
prevention programs to solve this difficult
problem. Education, enforcement, and en-
gineeringwill work ifthey are supported by
the common interest of a united agricultural

public health oommunity. Achieving this
unity is a crucial goal for the 1990s. O
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A Cross-sectional Study of Pulmonary
Function in Autobody Repair Workers
David L. Parker, MD, MPH, Kirsten Wailer, MD, MPH, Brenda Himrch,
MS, Anita Martinez, MS, and Frank Marri, PhD

Inbtxudion
Approximately 700 autobody repair

shops employ an estimated 3,500 individ-
uals in Minnesota (Minnesota Department
of Labor Relations, Personal Communi-
cation). Autobody repair involves ham-
mering dents, removing damaged parts,
welding, grinding, abrasive blasting, filling
with styrene putty, sanding, and spray
painting.1,2 Workers may be exposed to
hazards including isocyanates, metals in
paint, solvents, dusts, and noise.23 De-
spite possible adverse health effects,4-7
there has been little epidemiologic inves-
tigation of the autobody repair indus-
try.1.8-10 This study examines pulmonary
function in autobody repair workers.

Medhods

Sampling Protocol
Autobody repair shops listed in the

Twin Cities Yellow Pages were randomly
selected for study. Shops were included in
the study if: 1) they had 20 or fewer em-

ployees; 2) at least half of establishment

income was from autobody repair; and 3)
they were located within the Twin Cities
metropolitan area. Shop owners were
asked questions regarding the inclusion
criteria. The owners of eligible shopswere
asked to participate.

A questionnaire was given to each
shop manager regarding shop age, size,
number of cars repaired, ventilation, and
repair materials. Sampling for toluene di-
isocyanate (TDI), total particulates, and
solvents (acetone, benzene, methyl ethyl
ketone, toluene, xylene, trichloroethyl-
ene, and mineral spirits) was done in all

Address reprint requests to David L. Parker,
MD, MPH, Chronic Disease and Environmen-
tal Epidemiology, Minnesota Department of
Health, 717 Delaware Street SE, Minneapolis,
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health department. At the time ofthe study, Dr.
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(now with the Department of Risk Manage-
ment, Hennepin County) were students at the
School of Public Health, University of Minne-
sota. Dr. Martin is Associate Professor in Ap-
plied Statistics, U-MN. This paper, submitted
to the Journal July 17, 1990, was revised and
accepted for publication January 23, 1991.
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