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ABSTRACT

Background: Agricultural injuries are an important health
concern for pediatric populations and particularly for chil-
dren of preschool age. This study was conducted to estimate
rates and determine patterns of fatal agricultural injury
among young children exposed to agricultural hazards and
to identify strategies to prevent such injuries.

Methods: A national case series was assembled retrospec-
tively for the years 199o—2001. We identified children aged
1—6 years who were fatally injured during the course of agri-
cultural work or through contact with a hazard of an agricul-
tural worksite. Using a standardized survey instrument, we
collected data from provincial coroners’ and medical exam-
iners’ case files. Fatal agricultural injury rates (calculated
with denominator data from the Canada Census of Agricul-
ture) were compared with national all-cause, unintentional
fatal injury rates in the general population of Canadian chil-
dren during the same period (calculated with denominator
data from the Canada Census of Population).

Results: The annual rate of fatal agricultural injury was sub-
stantially higher than that of all-cause, unintentional fatal
injury among Canadian children aged 1-6 years (14.9 v. 8.7
per 100 000 person-years, respectively). Differences in risk
were attributed to elevated fatal agricultural injury rates
among boys. Most injuries occurred in the agricultural work-
site, largely (84/115 [73%]) the result of 3 mechanisms: be-
ing run over by agricultural machinery as a bystander (29%)
or as an extra rider who fell from the machine (22%), or as-
phyxia due to drowning (23%). Major crush injuries (of the
head, chest and abdomen) and asphyxia from drowning
were the most frequent mechanisms of injury.

Interpretation: Preschool-aged children exposed to agricul-
tural worksites are at high risk of fatal injuries. Prevention
strategies should focus on restricting children’s access
to these worksites. Physicians and allied health care pro-
fessionals who care for rural families could take on a proac-
tive role in communicating the nature and magnitude of
these risks.
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arms and ranches are often portrayed as wholesome
F settings with many beneficial attributes; nonetheless,
pediatric agricultural injuries have long been recog-
nized as an important injury-control problem.>* Children of
preschool age are known to be at high risk of agricultural in-
jury.>* Yet, characteristics of those killed in agricultural injury
events and the events themselves have not been described in
detail, which limits the information available to guide preven-
tion efforts. A recent systematic review of programs designed
to prevent childhood injuries at farms showed that those aimed
at the very young were few,> which reflects a poor understand-
ing of the degree of risk faced by this vulnerable population.
We determined incidence rates and patterns of fatal agri-
cultural injuries experienced by children aged 1-6 years, to
address 2 questions: To what extent do preschool children ex-
posed to agricultural hazards on farms and ranches experi-
ence increased rates of fatal injury compared with the Cana-
dian population of children aged 1-6 years? And are there
patterns of agricultural injuries specific to this age group that
could direct primary prevention efforts?

Methods

This study involved development of a national retrospective
case series of fatal pediatric agricultural injuries. Queen’s
University Health Sciences Research Ethics Board approved
the study protocol.

Personnel in all 10 Canadian provincial coroners’ and med-
ical examiners’ offices identified fatal agricultural injuries
among children aged 1-6 years from 1990 through 2001 (no
infants younger than 1 year died of unintentional farm-related
injuries). A fatal agricultural injury was defined in advance as
any unintentional injury resulting in death that occurred dur-
ing activities related to the operation of a farm or ranch, or in-
volved any hazard of a farm or ranch environment, excluding
fatal non-work-related injuries that occurred in the farm or
ranch residence.? Investigative reports were reviewed for each
case; their content varied, but included a death certificate and
a report from the investigating coroner at minimum. Police
and autopsy reports were sometimes available.

A standardized data-collection tool was developed from
existing research instruments® and administrative question-
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naires®’ that covered case demographics and information on
the activities and circumstances of each injury event. A study
glossary, including a list of rules and procedures for data col-
lection, was concurrently developed and refined. With the
data collection instrument, the study investigators independ-
ently reviewed samples of 10—12 cases and entered the results
into separate data tables for analysis. All discrepancies were
identified and resolved, and refinement of the study glossary
and definitions continued until a high level of agreement was
reached, whereupon final data collection was initiated.

Cases reviewed during the initial process were included in
the final case series. Subsequent checks of data quality en-
sured their reliability and accuracy, and their adherence to the
rules and precedents in the study glossary.

Annual rates of fatal agricultural injuries and associated
confidence intervals (CIs) were calculated using population
denominator data from the 1996 Canada Census of Agricul-
ture.® Analogous all-cause unintentional fatal-injury rates

Table 1: Characteristics of children 1-6 years of age who died
of an agricultural injury in Canada, 1990-2001

No. (%) of children killed

Male Female Total

Characteristic of child or event  n =91 n=24 n=115
Age of child, yr

1 14 (15) 5 (1) 19 (17)

2 14 (15) 6 (25) 20 (17)

3 23 (25) 3 (13) 26 (23)

4 15 (16) 3 (13) 18 (16)

5 1 (12) 4 (17) 15 (13)

6 14 (15) 3 (13) 17 (15)
Child lived on farm or ranch

Yes 74 81) 19 (79) 93 (81)

No 12 (13) 4 (17) 16 (14)

Unknown 5 (5) 1 (4 6 (5
Child’s relationship to farm/ranch owner

Child of owner 72 (79) 20 (83) 92 (80)

Other relative of owner 10 (11) 0 10 (9)

Relative of hired employee 1 (1) 1 4 2 (2)

Visitor 2 (2) 2 (8) 4 (3)

Other or unknown 6 (7) 1 4 7 (6)
Agricultural work was involved in injury

Yes 66 (73) 20 (83) 86 (75)

No 21 (23) 4 (17) 25 (22)

Unknown 4 (4) 0 4 (3)
Child was engaged in agricultural work

Yes 3 3 O 3 (3)

No 88 (97) 24 (100) 112 (97)
Agricultural work hazard was involved

Yes 72 (79) 22 (92) 94 (82)

No 19 (21) 2 (8) 21 (18)
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(which included agricultural injuries) were calculated for chil-
dren 1-6 years of age in the Canadian population with use of
denominator data from the Canada Census of Population.®
Rate calculations by integer age group and sex were restricted
to a common 10-year period (1990—1999g inclusive), for which
numerator data were accessible from each source. Because the
number of events was small, exact CIs were calculated with the
assumption of a Poisson distribution.*®** Descriptive statistics
characterized the children’s age, sex, residency (on or off the
farm or ranch) and relation to the owner or a worker there;
whether agricultural work was involved in the injury event
and if the victim was engaged in it; the leading mechanisms
of injury; and the anatomic nature of the main injury.

Results

From 1990 through 2001, 115 Canadian children 1-6 years of
age died of unintentional agricultural injuries (Table 1). Al-
most 80% were male and almost 9o%, the child or another
relative of a farm or ranch operator. Agricultural work was in-
volved in 75% of the injury cases, although the injured chil-
dren were rarely engaged in the work themselves (3%).

Fatal agricultural injury rates exceeded national all-cause,
unintentional fatal injury rates among Canadian children
aged 1-6 years by 71% (Table 2); the excess was due to an ele-
vated risk of agricultural injury experienced by boys. Among
boys, the annual fatality rates from agricultural injuries alone
exceeded all-cause rates by 120%; among girls, agricultural
rates were 7% lower. (Fatality rates among farm children

Table 2: Rates of unintentional fatal injuries in
Canada among children 1-6 years old, 1990-1999

Deaths (95% Cl) per 100 000 person-yr

Sex and age, yr All causes* Agriculturalt
Boys 1-6 10.4 (9.8-10.9) 22.9 (18.2-28.4)
1 11.0 (9.6-12.6) 26.2 (14.0-44.9)
2 12.1 (10.7-13.8) 22.3 (11.5-39.0)
3 12.7 (11.2-14.3) 38.7 (24.2-58.5)
4 10.5 (9.1-11.9) 21.9 (12.0-36.7)
5 8.8 (7.6-10.2) 15.0 (7.2-27.5)
6 7.3 (6.2-8.5) 16.8 (8.7-29.3)
Girls 1-6 6.9 (6.4-7.4) 6.4 (4.0-9.7)
1 9.3 (7.9-10.7) 8.8 (2.4-22.6)
2 7.6 (6.4-9.0) 9.7 (3.1-22.5)
3 6.8 (5.7-8.1) 5.5 (1.1-16.1)
4 6.2 (5.2-7.4) 5.2 (1.1-15.3)
5 5.7 (4.8-6.9) 6.2 (1.7-15.9)
6 5.9 (4.9-7.0) 4.4 (0.9-12.8)
All, 1-6 8.7 (8.3-9.0) 14.9 (12.2-18.0)

Note: Cl = confidence interval.

*Includes nonagricultural causes of fatal trauma (e.g.,
nonagricultural vehicle collisions, injuries in the home) that took
place in agricultural settings.

TExcludes nonagricultural causes of fatal trauma.
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would be somewhat higher if deaths from nonagricultural
causes had been included.)

Three mechanisms of injury accounted for 73% of the
deaths from injuries related to agricultural settings (Table 3):
runovers of bystander children within the worksite, drowning
(mainly in farm ponds or dugouts and in manure lagoons)
and runovers of children who had fallen from tractors or
other agricultural machines they were riding as passengers.
The predominant lethal injuries were major crush injuries to
the head or neck, drowning-related asphyxia and crushing in-
juries to the chest. These patterns of injury occurrence varied
by sex, although caution must be exercised in these compar-
isons because so few cases were observed among girls.

Interpretation

The high risks of serious injury to children and youth exposed
to agricultural hazards have been well established."*** By fo-
cusing our analysis on farm children who died before the age
of 7 years, specific patterns of injury were revealed. These
young children had a greater risk of fatal injury than other
children of the same age in Canada. Although preschool-aged
farm children rarely participated in agricultural work activities
and theoretically should be protected from worksite-related in-
jury, they nevertheless do experience a high risk of fatal trauma
because they are present at the worksite while others do agri-
cultural work. These deaths most typically occurred among
boys (79%) accompanying a parent to the farm or ranch work-
site. Children are most often killed by drowning in farm ponds
or manure lagoons, or after sustaining nonsurvivable crush in-
juries to the head or trunk when run over by farm equipment.
Several potential limitations of this research warrant re-
cognition. First, these coroners’ data were collected for ad-
ministrative purposes and not specifically for injury research.
Although we have no information on the reliability of record-
keeping in the original coroners’ files or how coding might vary
between provinces, any effect would cause an underestimate of
the risks presented. Second, data were not collected from the
Canadian Territories, where agricultural activities are limited
(which is why they are not included in the Canadian Census of
Agriculture). Third, denominators for rate calculations were es-
timated with data from the 1996 Canadian Census of Agricul-
ture, as per established precedent.® This may result in minor
variance in the accuracy of risk estimates compared with the
use of annualized denominator data, had they been available.
Our findings suggest a need for the development of simple
prevention strategies to effectively remove children from the
vicinity of known occupational hazards. Interventions, includ-
ing engineering solutions (both physical and social) and regu-
latory approaches to injury control, may hold promise in pre-
vention of these fatal agricultural injuries. Possible physical-
engineering interventions include the construction of secure,
dedicated play areas to separate children from the workplace,
and the installation of passive safety barriers (e.g., gated
fences) around known hazards such as machinery compounds
and water sources.*® Social-engineering strategies include the
creation of “child-free” zones on farms and ranches, support-
ed by enhanced access to daycare options for rural popula-

CMA)

- JUNE 6, 2006 -

Table 3: Mechanism and nature of the main injury in cases of
fatal agricultural injury in Canada to children 1-6 years of age,
1990-1999

No. of children killed (%)

Male Female Total
Aspect n=91 n=24 n=115
Mechanism of injury
Runover of bystander 21 (23) 12 (50) 33 (29)
Drowning 21 (23) 521) 26 (23)
Runover of passenger/operator 22 (24) 3 (12) 25 (22)
Caught in/under/between
machines or objects 9(10) O 9 (8)
Pinned or struck by object 3 3) 2 (8) 5 (4)
Rollover of tractor 3 3 O 3 (3)
Other 12 (13) 2 (8) 14 (12)
Anatomical nature of main injury
Major trauma to head 43 (47) 16 (67) 59 (51)
Asphyxia from drowning 21 (23) 521) 26 (23)
Chest injury/crush 11 .(12) 2 (8) 13 (11)
Abdominal injury 6 (7) O 6 (5)
Asphyxia not from drowning 6 (7) O 6 (5
Other 4 4 1 4 5 (4)

tions, especially during busy fieldwork seasons. The federal
focus on the provision of feasible and cost-effective childcare
for all Canadian families** may provide new opportunities for
the protection of preschool children who are exposed to agri-
cultural hazards.

For any preventive strategy to be effective in this setting, the
initial priority must be to promote understanding of the mag-
nitude and severity of this injury problem among rural fami-
lies, their communities, the urban majority and policy makers.
As providers of regular care to children and as general advo-
cates for rural health, physicians and allied health profession-
als in agricultural communities may have a role in promoting
risk awareness. Our findings suggest that discussions with
farm parents about high-risk activities should include advice
that they never permit small children to ride as passengers on
tractors and other agricultural machinery, and that they stop
young children from visiting agricultural worksites under any
circumstances.” The agricultural worksite must be viewed as
an entity separate from the agricultural residence. Prohibiting
young children’s access to a worksite is standard practice in
virtually all other industries. Communicating the frequency of
these injuries among young children and their risks of injury
when exposed to the hazards on farms and ranches will be an
important first step in generating effective solutions to pro-
tect young children from agricultural injuries.
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