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Work-related agricultural fatalities in Australia, 1982-1984
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ERLICHSM, DRISCOLL TR, HARRISON lE, FROMMER MS, LEIGHJ. Work-related agricultur­
al fatalities in Australia, 1982-1984. Scand J Work Environ Health 1993;19:162-7. Work-related
agricultural fatalities were examined as part of a larger population-based study of all work-related
fatalities in Australia in the period 1982-1984. A total of 257 farm-related fatalities were identified,
of which 223 were deaths of persons in the employed civilian labor force (19.4 deaths per 100000
persons per year) and 34 were deaths of children less than 15 years of age. The fatality incidence was
higher among men, older age groups, and nonmanagers in general and in certain occupations in par­
ticular. Mobile mechanical equipment (particularly tractors) was the main fatal agent, roll-overs ac­
counting for many of the fatalities. Better provision of information to agricultural workers, improve­
ments in compliance to and enforcement of legislation, and changes in farming work practices are
recommended to improvethe safetyof farms and farm work.
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Occupational health and safety initiatives have
tended to focus on factory work and mining, and
rural occupations, including farming, fore stry, fish­
ing and hunting, have received much less attention.
This relative neglect has not been based on evidence
of less need. Indeed, available information suggests
that rural occupations present considerable dangers
(1-9).

About 60% of the Australian land area is used for
agriculture, livestock dominating the farming activ­
ities. The absolute number of persons employed in
agriculture has been approximately 400 000 since the
mid-1960s (10, 11), and in May 1992 approximate­
ly 5% of the employed civilian labor force in Aus­
tralia was engaged in agriculture and services to ag­
riculture (12). In Australia, the agricultural work
force has a higher proportion of employers and self­
employed persons, includes a relatively higher pro­
portion of older persons, works longer hours, and has
a lower proportion of persons born outside Austral­
ia than the general work force (13) (table 1).

Agricultural establishments vary enormously in
ways which can affect health and safety: products
(types and processes used in production), mechani­
zation (types, uses and age of equipment), animals
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(types and nature of their contact with workers),
physical size and terrain of properties, and capitali­
zation, turnover and profitability. Importantly, unlike
most workplaces, the majority of farms are also fam­
ily homes, and as such children risk suffering injury
or death from contact with work processes (14-17).
There have been no detailed studies of work-related
agricultural fatalities in Australia.

This paper describes work-related agricultural fa­
talities in Australia. Within its scope are farmers and
farm workers, in all sectors of agriculture; nonfarm­
ers whose work brought them to a farm; and bystand­
ers to farming operations. We have not dealt with the
rather different problems faced by other rural work­
ers engaged in forestry, fishing, and hunting.

Material and methods

Traumatic fatalities related to agriculture were ex­
amined as part of a larger study of work -related fa­
talities in Australia. Deaths attributable to work-re­
lated injuries that occurred in Australia during the
three calendar years 1982, 1983, and 1984 were stud­
ied . The study method has been described in detail
elsewhere (3) and is only outlined in this report.

A list was obtained of all deaths which occurred
in the study period and which had been assigned
codes of the International Classification of Diseases,
revision 9 (lCD-9), corresponding to external caus­
es of death, excluding only suicide and medical mis­
adventure. The list contained 16246 cases. Coroners '
files were found for 15462 (95.2%) of these cases.
Research officers examined the files and asse ssed
which of them met the study definitions of work-re­
lated fatalities. Data were abstracted from coroners'
files for these cases, recorded on data forms, and sub-



sequently entered into computer files for analysis.
One thousand seven hundred and thirty-eight cases
were classed as work-related. Of these, 1544 came
from the employed civilian labor force, as defined
later.

The scope of "deaths related to agriculture" was
defined as follows. In outline, it was desired to in­
clude persons acting as farmer s or farm workers
(whether they were on a farm or elsewhere when in­
jured), nonfarmers whose work brought them to a
farm where they were injured , and bystanders to
farming operations who were killed as a result of the
operations. For these purposes it was decided to re­
gard voluntary rural fire fighting as a part of farm­
ing work and to include injuries around homestead s
if the injury was connected to farm work. Both small
farms on which persons depended for income and
hobby farms were included. Persons in nonagricul­
tural businesses and injured while working on farms
were included when their work was connected with
that of the farm or if they were injured as bystand­
ers to farm work. Persons injured on farms while
working were excluded from this study if the fact that
the injury occurred on a farm was incidental. Two
classes of cases fell into this group, namely, electric­
ity authority employees working on power transmis­
sion lines which happened to be crossing farm land
at the point where injury (usually electrocution) oc­
curred and working occupant s of passing aircraft,
otherwise unconnected with a farm into which their
aircraft crashed.

Cases in the data set of this work-related fatali­
ties study and meeting this definition of death relat­
ed to agriculture were identified in a two-step proc­
ess. First, cases were extracted which, according to
study codes, had occurred at a farm or place of pri­
mary production or involved a person whose job at
the time of injury was agricultural or involved a per­
son employed in an agricultural industry. Altogether,
264 cases were extracted. Second , summary data on
each of the 264 records were examined to determine
whether the case met the set definition. Two hundred
and fifty-seven records were judged to meet the def­
inition s, and they formed the basi s for this study.

The subjects were divided into three groups as fol­
lows according to their employment status: (i) the
employed civilian labor force: persons who worked
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for pay, profit, or payment-in-kind in a job or busi­
ness or on a farm and persons who worked without
pay for 15 h or more per week in a family business
or on a farm (persons aged less than 15 years and
members of the permanent armed forces being spe­
cifically excluded) [this definition is very similar to
that used for the employed civilian labor force in the
United States (18)]; (ii) young workers: persons who
fit the definition for the employed civilian labor force
but were aged less than 15 years; (i ii ) bystanders:
persons not engaged in farm work who were injured
fatally as a direct consequence of the farm work of
another person. Since all of the bystanders were un­
der 15 years of age, the results of the latter two
groups have been combined.

Denominator data for this study were obta ined
from the 1981 Census of Population and Housing
carried out by the Australian Bureau of Statistics.
The scope of these data regarding the populati on ex­
posed to risks on farms was limited to persons in the
employed civilian labor force, and rates could only
be calculated for this group. Occupations were cod­
ed according to A Classification and Classified List
of Occupations (19) .

Data were analyzed with the SAS (statistical anal­
ysis system) package (20). Confidence intervals were
calculated with the use of the Poisson distribution (or
its normal approximation for numbers greater than
100) (21).

Results

Altogether of 257 farm-related fataliti es were iden­
tified in the study period. Of these, 223 were deaths
of persons employed in the civilian labor force at the
time of their fatal injury. The remaining 34 were
deaths of children less than 15 years of age, 2 1 of
whom were bystanders .

The employed civilian labor force
The 223 deaths in the employed civilian labor force
represent an average fatality incidence of 19.4 per
100 000 persons per year in the farm labor force.

The mean age at death for the men was 46.9 (range
15- 87) years, and for the women it was 37.9 (range
24-57) years. There was a highly significant trend

Table 1. Work force characteristics of agriculture and services compared with those of all industries."

Men 2:: 55 Born Time worked per week (h)
Em· Self- years outsideFull-time Part-time ployers employed

workers workers Total
(%) (%) of age Aust ralia Men Women Total

% (%) (%) (%) (%)

Agricultural
workersb 81 32 69 5 47 24 10 50 27 43

All workers 68 26 58 5 10 9 25 40 29 35

a Taken from reference 12.
b Working in agriculture or services to aqriculture,
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Table 3. Work-related agricultural fatalit ies in the employed
civil ian labor force by gender and managerial status of the
decedent. (95% Cl = 95% conf idence interval)

Table 2. Work·related agricultural fatalities in the employed
civil ian labor force by age of decedent (95% CI = 95% confi­
dence interval)

Table 4. Traumatic agricultural fatalities in the employed ci-
vilian labor force by occupation. (95% CI= 95% confidence ln-
terval)

Occupational group' Fre- lncldence'' 95% CIquency

Farm machinery operators
not elsewhere classified
(329) 15 241 135-379

Livestock workers not
elsewhere classified
(327) 6 67 25-130

Farm workers: mixed
farming, etcC (331) 36 46 32-62

Sugar farm workers (318) 4 41 11-91

Farmers and farm
managers not elsewhere
classified (316) 14 34 19-54

Station hands, drovers,
shearlng hands and
general hands, grazing
(321) 23 32 21-47

Fruit growers, excluding
grape (302) 7 20 8-37

Fruit grow ing workers ,
including grape (319) 5 20 7-41

Farmers,' mixed (314) 37 17 12-24

Graziers (308) 35 17 12-24

Vegetable growers and
market gardeners (304) 4 15 4-33

Dairy farmers (309) 12 12 6-20

Gardeners, nursery
workers (324) 7 9 4-17

Wheat and sheep
farmers (313) 6 9 3-17

• Code of A Classification and Classified List of Occupations
(19) In parentheses .

b Average incidence per 100 000 persons per year in each oc-
cupational group of the employed civilian labor force.

C Farm workers : mixed farming , farmers (so descr ibed), type
of farming not stated.

The agent of death was analyzed separately for
those decedents who had usually worked as agricul ­
tural workers and those who had not (table 5). For
both groups mobile mechanical equipment accounted
for about 70% of the deaths , the remaining 30% be­
ing due to a variety of causes. About 40% of all of
the deaths in both groups was caused by tractor s or
attached equipment. Roll-overs and related incidents
(including situations in which the victim was thrown
out of the vehicle) accounted for a significantly great­
er proportion of the tractor-related deaths of those
not usually employed as farmer s (94%) in compari­
son with deaths of usual farmers (63%) (X2

1
=5.89,

P <0 .025). Ninety-seven percent of all tractor-related
roll-over deaths involved tractors that were not, or
probably were not, protected by a properly fitted and
approved roll bar or cage. Among usual farmers
most of the tractor-related deaths that were not due
to roll-over incidents involved the farmer out of the
tractor seat performing some other task.

Other causes of death included involvement with
horses (12 persons), electrocution ( 10 persons) ,

Tota l'

19 17-22

15 13- 18
28 23-34

3-7

0-3
8-27

5

Women "

1
16

lnc l- 95% CI
dence"

25 21-28

Mena

21 14-25
31 25-38

Total ·

Managers
Nonmanagers

• Age unknown for one subject.
b Average incidence per 100 000 persons per year in each age

stratum of the employed civilian labor force (X2
1 = 28.36,

P<0.0005).

• Males (managers versus nonmanagers): X' , =6.87, P<O.Ol.
" Females (managers versus nonmanagers ): X', = 25.38, P<O.OOO5.
, Total (managers versus nonmanage rs): X',=20.40, P<O.OOO5.
• Deaths per 100000 workers per year.
• Total (men versus women): X',=48.86, P<O.OOO5.

of increasing fatality incidence with increasing age
(trend X\ = 28.36, P<0.0005) (table 2). This age­
related increase in fatality incidence was considera­
ble, persons 65 years and older (52/100 000 per year)
having three times the average fatality rate of those
less than 65 years of age (17/100 000 per year).

Two hundred and nine (94%) of the 223 persons
were male. There was a highly significant difference
between the average fatalit y incidence for the
men (24.7/100 000 per year) compared with that of
the women (4.6/100 000 per year) (X2

• = 48.86,
P< 0.0005).

Farm workers who were nonmanagers (28/100 000
per year) had almost twice the fatality incidence of
the managers (151100000 per year ) (X\ = 2004,
P<0.0005). In line with the other results the inci­
dences were higher for the men. However the man­
ager-nonmanager difference was more striking for
the women (table 3).

Fatality incidences for various farming occupa­
tional groups are shown in table 4. Notably high rates
occurred for farm machinery operators; livestock
workers; farm workers in mixed farming; sugar cane
farmers; unclassified farmers and farm managers; and
station hands, drovers, shearing hands, general hands
and grazing hands (although the confidence intervals
for most of the groups were wide).

Age (years) Frequency' tnc ldence> 95% CI

15-19 14 17 9-27
20-24 17 16 9-24
25-34 35 15 10-20
35-44 29 12 8-17
45-54 43 19 14-26
55-64 44 26 19-35
65-74 29 47 31-67
;;,;75 11 77 39-138

Total 222 19 17-22
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Table 7. Agent of death in farm-related fatalit ies among chi l­
dren less than 15years of age by bystander and worker status
of the decedent.

Table 5. Agent of death in agricultural fatal ities in the em­
ployed civilian labor force by usual working status of the de­
cedent.

plain fully the relationship seen between fatality in­
cidence and age. Other workers have found a more
U-shaped distribut ion for fatality incidence and age,
with higher rates at both age extremes (4). These con­
trasting results may be partially due to the different
denominators used ("employed persons" versus "per­
son-hours at work") .

Tractors and attached
machinery

Roll-over 6 29 6 46 12 35
Other 1 5 0 1 3

Other mobile machines

Roll-over 3 14 4 31 7 21
Other 3 14 0 3 13

Horses
Fell or thrown 0 3 23 3 13
Other 3 14 0 3 13

Other Causes 5 24 0 5 15

Total 21 100 13 100 34 100

Total

N '10N %N '10

Bystanders WorkersAgent

AgriCUltural Not
agriCUltural Total

Agent workers- workers'

N '10 N '10 N '10

Tractors and attached
machinery'

Roll-over 45 25 15 36 60 27
Other 27 15 1 2 28 13

Other mobile machines

Holl -over 32 18 8 19 40 18
Other 23 13 4 10 27 12

Horses
Fell or thrown 7 4 3 7 10 4
Other 1 1 1 2 2 1

Other Causes 46 25 10 24 56 25

Total 181 100 42 100 223 100

• Usually work as agriCUltural workers.
e Do not usually work as agriCUltural workers.
c Tractor roll-overs(agricultural workers versusnot agricultural workers):

X2, = 5.89, P< 0.025.

Table 6. Agricultural fatalities among children under 15 years
of age by age and by bystander and worke r status of the de-
cedent.

Bystanders Workers Total
Age

N % N % N %

0-4 years 14 41 0 14 41
5-9 years 5 15 2 6 7 21
10-14 years 2 6 11 32 13 38

Total 21 62 13 38 34 100

Discussion

There were 257 farm-related deaths in Australia over
the three-year study period, repres enting 15% of all
work-related fatalities identified. The average fatal­
ity incidence of 19.4 per 100000 employed persons
per year is comparable with rates found in similar
occupat ional group s in the United States (21.7/
100000 per year) (22) and New Zealand (271100 000
per year) (2). It ranks third in all occupational groups
in Australia, behind "miners and quarry workers"
(69.91100 000 per year) and "transport and commu­
nication workers" (38.011 00 000 per year) (3).

Several studies in other countries have also noted
high fatality rates among agricultural workers (1, 2,
4- 9). These studies only examined death, the most
severe outcome of work-related injury. The true ex­
tent of farm hazards was recognized in a United
States study that recorded about 170 accidents (which
produced about 100 disabling injuries) for every
farm-related death (23).

The pattern of increasing fatality incidence with
increasing age is similar to, but more marked than,
that seen for all work-related fatalities in Australia
(3), the United States (22), and New Zealand (2). A
similar age trend has also been noted in studies of
tractor fatalities in the United States (24, 25). The
reasons for this increased fatalit y incidence in older
age groups are not clear. Older workers may have a
greater frequency of accidents , suffer more severe
injur ies, or be less likely to survive a given severity
of injury than younger workers (26). Alternatively,
the rates may be artificially high because older ag­
ricultural workers may report being retired (and thus
not contribute to the denominator), yet continue to
perform some work. A resultan t underenumeration
of the denominator may have occurred, but proba­
bly not to an important extent, and is unlikel y to ex-

drowning (6 persons), burns (6 persons), gunfire (5
persons), falling vegetation (4 persons), other animals
(3 persons) , falls, welding explosions, and poison­
ings.

Young workers and bystanders
There were 34 farm-related deaths of persons under
15 years of age in Australia during the study peri­
od; this rate is just under one death per month (ta­
ble 6). Twenty-one (62%) were classified as bystand­
er deaths (all bystander deaths involved children un­
der 15 years of age), the remainder occurring while
the decedent was performing farm work. Fourteen
(41%) of the 34 deaths occurred among children
under 5 years of age. Mobile mechanical equipment
accounted for 13 (62%) of the bystander deaths and
10 (77%) of the working deaths (table 7). The ma­
jority of the deaths due to mobile mechanical equip­
ment were roll-overs (69% of bystanders, 100% of
workers).
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Fatality rates were found to be much higher for
the men than for the women and for the nonmanag­
ers than for the managers. They also differed by an
order of magnitude for various occupational groups .
Such differing rates have also been observed else­
where (5, 27) and probably reflect the different pat­
terns of hazard and risk faced by the various groups.
The rates were not adjusted by age because of the
difficulty of obtaining appropriate denominators
stratified by age. However, it is unlikely that there
is a major difference in age distribution between the
various groups.

This study identified mobile mechanical equip­
ment in general, and tractors in particular, as the
major potentially fatal hazards facing persons in­
volved in agricultural work. Overseas studies have
also identified moving machinery (mainly tractors)
as the biggest cause of traumatic death among agri­
cultural workers (6, 7, 28, 29). As in this study, most
of the studies found that roll-overs accounted for the
majority of tractor-related fatalities (24, 25, 28).
Tractors were also the most frequent cause of inju­
ries requiring hospitalization in a study of Canadian
farmers (15) .

Increased mechanization has been blamed for the
high agricultural fatality rates, and safety modifica­
tions to machinery have been suggested as the most
effective way to decrease mortality and morbidity (7,
25, 30, 31). The fitting of roll bars or cages to trac­
tors and appropriate restraint devices is an important
preventive measure (25, 28, 32), although retrofit­
ting may be expensive when measured on a "dollars
per life saved" basis (33). The importance of roll­
over protection is highlighted by the finding in this
study that nearly all deaths involving tractor roll­
overs occurred in tractors without adequate roll-over
protection. Apart from a few exemptions (mainly for
orchadists), fitted roll bars or cages became compul­
sory for all new tractors in Australia in the early
1980s, and for existing tractors a few years later.
However, legislation is ineffective without compli­
ance and some degree of enforcement (25), and the
marginal nature of many Australian farms may make
it difficult for farmers to make adequate financial and
time commitments to safety. The high number of
tractor fatalities reported in the last few years in Aus­
tralia (34, 35) suggests that there is considerable
scope for improvement in this area .

Improved work practices are probably also an im­
portant facet of improved agricultural safety perform­
ance, as our finding of a higher proportion of trac­
tor-related deaths that involved roll-overs among
nonfarmers compared with tractor-related deaths
among farmers suggests that the former lack expe­
rience in safely handling tractors (or are more like­
ly to use unprotected tractors).

In contrast to the findings of this study, the per­
ception of Australian farmers appears to have been
that pesticides and nontractor agricultural machinery
are greater hazards than tractors (36) . This percep-
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tion suggests that information for, and education of,
agricultural workers regarding farm hazards and their
control is necessary. The recent "Farmsafe" initia­
tive, which uses local resources and personnel to col­
lect and convey information within farming commu­
nities (37), as well as initiatives at the state (38) and
federal (39) level in Australia, are attempts at pro­
viding or encouraging this information and educa­
tion.

In addition, the almost one death per month of
children under 15 years of age during the study pe­
riod indicates that farms hold many dangers for chil­
dren, a finding mirrored in other studies (14-17).
As the farm is often also the home, agricultural work­
ers must be encouraged to take particular precautions
when they are working to ensure the safety of chil­
dren. Again, information and education would appear
to be the best method of achieving this aim (40).

The major strengths of this study were that it was
population-based and probably included all work-re­
lated agricultural fatalities that occurred in Austral­
ia during 1982-1984. Well-defined criteria were
used for the identification of the cases, and the in­
formation on the cases came from coroner's files, a
reliable and permanent source of such data in Aus­
tralia (41). The main limitation was that the data on
which the study was based were collected for the
purposes of coroners' inquiries and not assembled
primarily to study epidemiologic aspects of agricul­
tural fatalities. Nevertheless, the available informa­
tion was rigorously collected and allowed detailed
study of the available parameters of interest.

In summary, a variety of serious hazards exists in
agricultural work. There is still room for improve­
ment in occupational health and safety, as many of
the deaths in this study should have been prevent­
able. More awareness of the hazards of farming, bet­
ter use of safe work practices and appropriate safe­
ty equipment, and greater enforcement of existing
legislation should decrease the associated high inci­
dence of death and serious injury.
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