Eye Injury in Migrant Farm Workers
and Suggested Hazard Controls
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ABSTRACT. The eyes are a common site of injury in agricultural operations. Identification of
the cause of injury isimportant to inform preventive interventions. The objective of this study
was to describe the hazards and mechanisms of acute traumatic injury to the eyes of
agricultural workerswho are hired in farming oper ations on a seasonal basis. A review of the
literature was performed to summarize the mechanisms of eyeinjuriesin agriculture. Field
observations and informal interviewswere performed to verify theliterature and to determine
whether there are eye hazards for farmworker s that have not been reported in the literature.
Additional mechanisms of injury were elicited, and suggested methods of injury prevention
are presented here.
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n 2002, there were 42,286 occupational injuries or illnesses involving the eye that

resulted in days away from work, with an eye injury/illness rate of approximately

5.3/100 FTE workers (USDOL, 2006). A total of 1,556 eye injuries were reported
to the USBL Sin the Agriculture sector, anumber that is likely to be low due to underre-
porting in agricultural operations and for hired seasond and migrant farm workers (Azar-
off, 2002). Data from the Traumatic Injury Surveillance of Farmersindicated that 6.7%
of al agricultural injurieswere eyeinjuries, giving an estimated 13,512 lost-time eyein-
juries on USfarmsand ranchesin 1993, compared to the BL S estimate of 2,906 lost-time
eyeinjuries/ilinessesin that same year (NIOSH, 1997).

Eyeinjuries arelargely preventable, but understanding the mechanism of injury iskey
to implementing preventive interventions. Thisis particularly important for hired season-
al and migrant farm workers, who suffer agreater frequency and severity of health prob-
lems due to being employed in hazardous industries, receiving low wages, confronting
disincentives to reporting injures, not having access to hedlth care, and a number of other
social and economic barriersto good health outcomes (Villarejo and Barron, 1999; Rust,
1990; Coye, 1985; Meister, 1991; Mobed et al., 1992; Isaacs and Bean, 1995; Berger,
1993).

Nearly all specialty and field crop workersin the U.S. are hired seasonally, while live-
stock, dairy, and poultry workers tend to be hired year-round (USDA, 2006; Villargjo and
Barron, 1999; IMCFW, 2007; USDOL, 2002). Primary industries of employment include
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fruit, nut, vegetables, sod, and horticultural products (USDA, 2006: IMCFW; 2007; US-
DOL, 2002). Tasks performed include planting, harvesting, hoeing, detasding, weeding,
sowing, cultivating, bunching, picking, thinning, packing, and loading (IMCFW, 2007).
Objectives

This research was undertaken to inform an injury intervention study with the goal of
reducing eye injuriesin Latino migrant and seasonal farm workers (LFWs) (Forst et al.,
2004; Forst et al., 2006). The first step was to identify hazards by performing areview
of the literature and observing the work performed in the field. The objective of this study
was to describe the hazards and mechanisms of acute traumatic injury to the eyes of agri-
cultural workers who are hired in farming operations on a seasonal basis. Specific aims
were to review the published literature on occupational eye injuriesin agriculture, and
to undertake field observations to verify the literature and to determine whether there are
eye hazards for farm workers that have not been reported in the literature.

Materials and Methods

Literature Review

A literature review was conducted to determine types of eye injuries, workplace haz-
ards, and mechanisms of injury for the eyes of workersin agriculture. The PubMed data
base was searched using the following keyword combinations: eye/ocular injury,
eye/ocular illness, and agriculture/farming. The literature review was restricted to inju-
ries defined as traumatic events of acute occurrence, and specifically excluded chronic
illness such as pterygium and cataracts. The references sections of theinitially identified
publications were examined to find additional relevant articles to help ensure complete-
ness of the search.

Field Study

Following the literature review, information regarding workplace hazards and mecha
nisms of injuriesto the eyes was gathered through a series of activities. Anindustria hy-
gienist supervised and participated in walk-through surveys of each farming operation,
which included individual informal interviews of farm owners, supervisors, and farm
workers, and observations of LFWs during work in the fields. Informal interviews typi-
cally included discussionswith 2 to 4 persons per site. A walk-through survey instrument
was developed and used to identify, record, and characterize potential eye hazards. Since
the overarching objective was to develop an injury intervention strategy for LFWs, the
observations were focused on this population.

Farming Operations

Thirty-six farms that employ more than five LFWs per season in the catchment area
of two LFW service organizations were approached to participate in the intervention
study (Forst et a., 2004). Thirty-four agreed, and 28 that represented all the types of farm-
ing operations were assessed. Their agreement led to personal interviews with the own-
ers, implementation of an eye injury intervention project among the LFWSs they
employed, and access to their farms. The farms that participated included one produce-
packing facility, greenhouses and outdoor operations for ornamental plants, sod farms,
an apple orchard, atree nursery, adried-food processing facility, and specialty vegetable
crop operations. These farms employed upward of 1000 L FWs per season. The seasonal
farm worker population in Illinois and Michigan is predominantly Latino; thus, this pop-
ulation’s work conditions are applicable to most seasona farm workersin thisregion.
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Results
Literature Review

Thirty-five articles were identified that described mechanisms of eyeinjury in agricul-
ture. These are described in the Appendix. Many of these articles reported the severity
and mechanism of eyeinjury cases, as described by the treating physician, that occurred
in agricultural settings over the past 50 years. The majority of cases came from visitsto
health care providers following workplace injuriesin agricultural settings; injury sources
and mechanisms came from work histories taken from injured agricultural workers.

Field Study

Thefield portion of this study was undertaken to verify the literature and to identify
current hazards that have not been described previously because of limitations in study
design, because described operations did not include or specify those that employ LFWs,
or because these hazards have simply been overlooked.

The current hazards not previoudly described are reported below, along with possible
preventive measures. In practically every situation noted below, risk may be further re-
duced by use of protective eyewear (Fong and Taouk, 1995; Vasu et a., 2001; Xiang et
al., 2005); in the U.S., protective eyewear should meet the ANSI Z87 Standard (ANSI,
2003). The occupational hygiene hierarchy (i.e., substitution, engineering controls, ad-
ministrative controls, and personal protective equipment) tells usthat protective eyewear
isthe least desirable control method due to issues including worker acceptance and use
of PPE, and the fact that the hazard still existsin the workplace. Control measures outside
of protective eyewear are suggested. A control strategy utilizing a multiple control ap-
proach (engineering controls, administrative controls, and personal protective equip-
ment) is likely to be more effective than one approach alone (Goldenhar and Schulte,
1996).

Physical and M echanical Hazards
Hydraulic Equipment Lines

Failure of hydraulic linesin the proximity of workersis a hazard across dl industries
that utilize such equipment. This is of particular concern in agriculture, where aging
equipment often no longer has (or never had) an enclosure that serves as aphysical barrier
between the hydraulic line and the worker. It was reported that the failure of a hydraulic
line on asmall tractor at a nursery resulted in aworker being sprayed in the eyes and face
with hydraulic fluid.

Though it is not a substitute for appropriate maintenance and inspection, we encoun-
tered an improvised guarding system implemented by the grower at the nursery. When
the employee returned to work after time off due to hisinjury, the grower and employee
sought to decrease the probability of another incident by sheathing the hydraulic lines
with lengths of webbed fire hose to contain the fluid should aleak occur. Without proper
inspection and maintenance, however, this may provide a false sense of safety, so judg-
ment must be exercised cautioudly. Fire hoseis not rated for either the chemica composi-
tion of hydraulic fluid or the pressure generally associated with agricultural equipment
hydraulic systems, which can reach 2200 pounds per square inch. Other types of barriers,
enclosures, or partial enclosures may be engineered. Hydraulic lines need to be periodi-
cally inspected and replaced when they show signs of wear; these lines could feasibly be
inspected on adaily basis.

Forklifts

One of the study facilities that utilized forklifts to move and load their product noted

multiple occasions where workers were sent to the emergency room to have small metal-
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lic divers removed from their eyes. The injury was reportedly caused by metal divers
shearing off of the forklift skid risers and being thrown back at the operator’s face.

Again, thisis an issue of proper maintenance and inspection. After multiple emergen-
cy room vigits, thisfacility installed Plexiglas shields to partially enclose the forklift cab.
This effectively addressed the problem, and at last inquiry, there had been no additional
injuries of thistype.

Shop Hazards

We observed that much of the machine maintenance necessary to operate thefarmis
performed by the grower. The typical hazards of working with power tools, hand tools,
and welding equipment are encountered on a regular basis. By our observations, the
LFWsare not likely to be charged with such tasks, as welding and mechanics are the work
of askilled laborer. However, in order to prepare for more typical LFW duties such as
hoeing for weeds and to loosen soil, we observed LFWs using a grinding whedl to sharpen
the hoes. The grinding wheel was guarded, but the worker lacked appropriate eye and face
protection.

Proper maintenance and inspection of equipment and its guarding are the basis of me-
chanical hazard prevention. Shop hazards are nearly universa for any mechanized indus-
try, and account for alarge number of injuries across industries. Hazard control utilizes
nearly all the same techniques. Proper shielding is essential for such machinery. Eye and
face protection must be made available in the shop, and use of personal protective equip-
ment must be enforced by the grower or foreman.

Building Materials

High winds cause more problems than ssmply creating airborne dirt and particul ates.
The evening before one of the project site visits, one of our study greenhouse operations
lost multiple glass pandls, resulting in shattered glass on the floors, on horizontal surfaces
of rafters, and in potted plants; all of this glass needed to be cleaned up.

Depending on the specific needs of the growing operation, several aternativesto glass
exist. Substitution of glasswith an alternative material eliminates the resulting hazard of
shattered glass. Alternative materialsinclude polyethylene film, double-layer structured
panels, and fiberglass-reinforced panels (ACES, 1998). Polyethylene is cheaper and re-
quiresless structural support, but it may be unattractive for larger operations sinceitslife-
span is approximately two years. Double-layer structured panels are strong and have high
heat retention, but they have decreased light transmission and are at a cost comparable
to glass. Fiberglass-reinforced panels are typically made of acrylic or polycarbonate, and
are cheaper, lighter, and more insulating than glass. Fiberglass-reinforced panels have a
lifespan range of 5 to 20 years, which isreflected in the expense of the material (ACES,
1998). Substitution of materialsis directed by horticulture needs, but there exist safer al-
ternatives where feasible.

Airborne Soil and Particulates

Plastic sheeting is often used during growing of ground crops. Plastic sheeting islaid
along the length of the crop rowsto keep the product (e.g., watermelons) off the soil to
prevent rotting of the crop and for weed control (fig. 1). Over the course of the growing
season, the plastic settles and becomes caked with dirt, and to varying degrees, partially
buried. Plastic mulch may be buried along the edges to hold the sheeting down. At the
end of the season, this plastic is pulled up from this layer of earth (fig. 2), creating avery
dusty environment. Workers from severa ground crop farms complained that this partic-
ular job was very irritating to the eyes.
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Figure 1. Plastic ground sheeting during the growing season.

Figure 2. Plastic ground sheeting being removed by workersat end of season.

Some growers attempted, when possible, to defer this task to another time if the wind
was too high, in an attempt to minimize exposure. Wetting is a ssmple method for mini-
mizing airborne dust. This is the same principle employed to control dust levels at
construction or demoalition sites, where water is sprayed over the dry, loose material in
an effort to keep airborne levels low. Where feasible, the area should be lightly wetted
with any reasonable irrigation system to control dust. Biodegradable, plant-based,
plastic-like materials (bioplastics) are approaching a state of durability for agricultural
use at a competitive price. An Australian company is working to commerciaize
cornstarch-based biodegradable ground sheets for agriculture that dissolve when plowed
under the soil. The product reportedly breaks down into carbon dioxide and sugar. Sub-
stitution of materials that can be simply and safely tilled into the ground would eiminate
the sheeting-associated eye hazard altogether.
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Outdoor Exposure

The outdoor agricultural work environment provides nearly constant opportunity for
eye irritation from the sun, wind, and airborne particul ates. Chronic irritation due to sun,
wind, and particulatesis significant and demands control.

In some instances, it may be possible to minimize bare land by planting in order to help
reduce dust levels. Trees planted along property lines are effective screens that help inter-
rupt winds that may otherwise travel unabated at high speeds, picking up dirt and debris
along their path. Planting ordinary lawn grass on the otherwise bare ground of an orchard
would aid in stabilizing the soil between the crop rows and could minimize the likelihood
of loose earth becoming airborne; this would also help reduce erosion of soil.

Soil Handling

Airborne dust/soil exposure may also exist in partially enclosed environments. Bulk
potting soil rooms are often found in greenhouse operations. The soil is manipulated from
bulk to small apportionments via small front-end loaders. Movement of soil within a
small space often creates a significantly dusty environment. The potting of plants may
occur in apotting shed, an area often located within awarehouse-type structure or a semi-
permanent structure. Soil may be delivered to the individual workers potting the plants
via conveyor, and this material transfer provides ample opportunity to create a dusty envi-
ronment. It isimportant to recognize the type of soil used for particular operations; for
example, it was reported to us that certain mixtures of potting soil containing high per-
centages of vermiculite readily became airborne, causing eye irritation.

In addition to protective eyewear, wetting may be appropriate in these types of envi-
ronments to control dust levels. Judgment must be exercised in determining the feasibil-
ity of wetting for an individual facility. Local exhaust ventilation may be utilized to
reduce dust exposures, particularly in high-production operations that take place in per-
manent facilities, such as some potting operations. Attention should be given to the type
of soil being used in a given operation and appropriate controls. The soil salection process
isof course afunction of horticulture requirements, but recognition of the propensity of
aparticular soil type to become airborne will help workers anticipate and identify pos-
sible hazards.

Soil, dust, and other particulates causing eye irritation are a nearly ubiquitous hazard
in the agricultural environment, making it exceedingly difficult to control. Personal pro-
tective equipment in the form of protective eyewear seemsto be the most effective control
measure for work in generally dusty environments.

Other Impact Hazards

The following eye hazards have been reported to varying extentsin the literature, but
were commonly encountered in the field and are worth reviewing. Perhaps the most likely
source of eyeinjuries to farm workers, particularly in the case of LFWSs, is penetrating
and non-penetrating injuries from vegetable substances. Figure 3 shows a worker bent
at thewaist with hisface in and among the gladiolas that he is harvesting. The same type
of hazard exists with pruning and harvesting of orchard crops, such as apples, where the
worker’s eyes are at nearly constant risk of being poked by a branch or leaf. The same
risk is aso present when workers extract shrubs from the ground and wrap their rootsin
burlap before sale or shipping (fig. 4). These types of tasks involve work in very close
proximity to plant material, increasing the likelihood of contact and injury. Other sources
of airborne particulates from tasks observed to be commonly performed by LFWs include
tossing bales of hay from atractor trailer bed, and following in close proximity to atractor
to pick up product missed or accidentally discarded by a harvesting machine.

Cornislargely harvested by machinein the U.S., but as thefirst ears of corn become
available, they are often hand picked by LFWSs. Corn is pulled off the stalk toward the
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Figure 3. Worker harvesting gladiolas.

Figure 4. Worker wrapsa shrub with burlap after extraction from ground.

worker’'sface, and it was reported that the tassels of the corn might impact the face. Sever-
al workers we encountered made note that thisis a source of eyeinjuries.

A mixed array of possible environmental factorsisinvolved in the pathology of ptery-
gium, and the relationship between ultraviolet light exposure and cataractsis well docu-
mented, so methods to minimize such mechanisms of chronic irritation are needed.
Controlling exposure to dust, wind, glare, and sunlight are all aided by consistent use of
protective eyewear and a brimmed hat.

Chemical Hazards
Pesticides

Direct preparation and application of pesticidesis atask that often appearsto be per-
formed by the grower or by a few selected individuals, usually not seasonally hired
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LFWs. Thisis ageneralized observation and islikely dependent on the size of the opera-
tion, the relationship between grower and worker, and the employer’s resources. By ob-
servation, the primary source of pesticide exposure for LFWs appears to be exposure
upon re-entry to arecently treated field. An often-reported complaint was handling pro-
duce with pesticide residue that is left on its surface, even after USEPA time-to-entry re-
quirements have been met. Eyeirritation comes with workers handling product and then
touching their faces. We observed that workers commonly used bandanas tied over their
nose and mouth to decrease the likelihood of accidentally touching their face with con-
taminated hands.

Proper pesticide management by the grower is of primary importance in controlling
this exposure. Further, promotion of proper hygiene is necessary, as directed by the USE-
PA Worker Protection Standard and Restricted Entry Intervals (REISs), which call for field
washing facilities (USGPO, 2000). Hand washing is a simple but critical intervention to
reduce exposure.

Washing Harvested Product

After harvest, many crops are washed in some fashion to make them presentable for
market. For avariety of crops, a diluted bleach solution is used for product washing to
slow microbial growth. Thiswashing is often performed in an assembly line type wash/
sort work station, and it was reported that the chlorinated water periodically splashes the
worker in the eyes and face.

A chlorinated system must be managed properly in order to maintain the appropriate
concentration of free chlorine in the system. Too low a concentration compromises the
desired disinfection effect, while too high a concentration leads to levelsirritating or dan-
gerous to workers. Working to maintain an acceptable chlorine concentration level ises-
sential for protecting worker health. Therisk of being splashed in the face by chlorinated
wash water may be mitigated in part by partial enclosure of the washing system. Splash
guards may beinstalled at low cost, with minimal distraction of the worker’sline of sight.

Concern regarding the effectiveness of chlorine and potential chlorinated by-product
residues has led food safety scientists to seek aternative process methods to disinfect
minimally processed fruits and vegetables, including ozone and hydrogen peroxide (Sap-
ers, 2001). The FDA and USDA have approved commercially available disinfectants, in-
cluding chlorine dioxide, ozone, and ultraviolet radiation (M SU, 1998). Such advances
in food safety may ultimately circumvent the need for chlorinated wash-water systems.
Greenhouse Irrigation

One method of irrigation within greenhousesis to use a system of hosesthat spray the
plants with water. The system is usually either stationary, hanging from the ceiling above
the plants, or on amechanical arm on an overhead track that sweeps over the plants. The
watering system typically includes some type of nutrient solution dissolved in the water.
Watering typically occurs at atime when workers are known to be out of the greenhouse
areg, i.e., after normal business hours. It was reported that on occasion aworker would
find himsdlf in the greenhouse at the moment that an automated timer would activate the
irrigation system, subsequently spraying the worker with plant nutrient solution.

Infrared motion detection systems may be installed at areasonable cost to help circum-
vent this problem. A system engineered to prevent activation of a scheduled irrigation or
pesticide application if motion is detected is a primary meansto protect workers who find
themselvesin the greenhouse at the wrong time. Prohibiting personnel accessto areasto
be sprayed is an issue that necessitates administrative control. Workers should be
instructed, and reminded, of where and when their accessis restricted; this type of rein-
forcement is easily transmitted in group safety meetings. Traditional lockout/tagout pro-
cedures to prohibit access during irrigation would greatly smplify this matter.
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Field Irrigation

On hot days, it has been noted that workers are inclined to walk beneath overhead field
irrigating apparatusin order to “cool off.” Thisirrigation system is also likely to contain
aplant nutrient solution dissolved in the water to be delivered to the crop.

Workers should be instructed and reminded of the potentiad hazard, i.e., that theirriga-
tion system does not necessarily contain potable water and may also contain dissolved
plant nutrients; thisis a specified education component of the Worker Protection Stan-
dard. Workers should be restricted from areas that are actively being irrigated. Workers
that are kept at a distance from an active irrigation system are probably lesslikely to seek
out its use as a shower. Providing ample potable water in the field for workers and reason-
able work/rest schedules will aso minimize this temptation.

Discussion

The purpose of thisarticle isto identify the mechanisms of agriculture-related eye in-
juries reported in the literature and to report our experience of investigating those mecha-
nisms of injury as observed in the field. Injury literature related explicitly to fishing,
forestry, and food processing was excluded. Likewise, injury literature pertaining to
farm-related recreational and domestic activities was excluded. The agricultural injury
literature at large was not explicitly examined in order to narrow the scope of this article;
these types of articles only occasionally address eye injuries, and when they do, itisal-
most always in the context of simple enumeration of eye injuriesin agriculture with no
regard to the mechanism of injury. Similarly, in order to narrow the scope of this article,
the eye injury literature without regard to agriculture as occupation was not explicitly ex-
amined. Literature concerning eye conditions associated with chronic UV radiation ex-
posure such as cataracts and pterygium were not addressed. Many articles reviewed in
the preparation of this article highlighted traumatic agricultural injury (e.g. machinery,
animals) that involved the head and face, but they lacked sufficient detail on the effect
on the visual system, and they were consequently not included.

Since agricultural ocular hazards can vary greatly depending on several factors con-
cerning the region, operation, and workforce, the observed hazards reported here are not
necessarily applicable to all agricultural workforce populations. While focused on
LFWs, there is no evidence that these hazards would be different for other farm worker
populations. In the Midwestern U.S., most hired farm workers are L atino, and the study
focused on this population. The hazardsidentified and described are not inherently spe-
cific to Latinos as an ethnic group, but rather they are hazards specific to seasonal farm
workers in Illinois and Michigan. We do not anticipate ethnic differences that would
make this population more susceptible to injury.

The farms that participated in this study were not randomly selected. The farms that
participated reflect a convenience sample that utilized existing relationships with LFW
service organizations and was not a systematic sampling of either commaodities or of
farms within commodities. The LFW service organizations provided contact information
for farms where their Camp Health Aides (Promotores de Salud) had access to the farm
worker population, which is generaly, but not explicitly, reflective of a cooperative rela
tionship with the service organizations.

Theliterature review in the Appendix provides insight regarding existing eye hazards
in farming operations. A large portion of the literature addresses animal-related eye inju-
ries. Latino seasonal farm workersin the Midwest have traditionally worked field opera-
tions, and this remains true for the Illinois and Michigan region, but there is agrowing
trend in other parts of the U.S. to utilize this workforce in animal operations. Thistrend
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demands attention in order to ensure proper health and safety training as seasonal workers
enter this market.

When possible, multiple control strategies were proposed for the identified hazards.
In many cases, substitution and engineering controls are not feasible due to the nature of
the work. The cost of suggested controls may be prohibitive. Technical feasibility and
cost are certainly identified barriers to addressing many of the hazards identified, which
are compounded by the general lack of health and safety enforcement in this industry.
Protective eyewear is repeatedly recommended as part of the control strategy. While in-
expensive and effective, protective eyewear suffers several limitations: poor fit with per-
spiration, fogging, and visual interference from tinted or poorly made lenses. The
suggested hazard controls were devel oped by the authors based on occupational hygiene
control experience with methods observed or applied in other occupational environ-
ments. The authors have not tested the effectiveness of the suggested hazard controls.

Finally, it isworth noting the impact of such injuries on the seasonal farm worker pop-
ulation. In most states, the time off work for recovery is uncompensated because of its
brevity. The worker usually does not begin to collect time loss until a certain number of
days after the injury, often two daysto aweek. Since a corneal abrasion is healed by the
time that time loss begins, the worker’s lost time is unpaid. For marginally subsisting
farm workers, thisisamajor financial blow. These injuries are often lost and go unac-
counted, but they have a substantial impact on individuals and the industry itself.

Conclusions

Agricultural workers are exposed to workplace hazards that can lead to eye injuries
that range in severity from discomfort to partia or complete loss of vision. LFWs are par-
ticularly vulnerable to adverse outcomes from these injuries. This description of the well-
known and newly identified hazards and mechanisms of injury should serve to inform
interventions to prevent these potentially devastating injuries.
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Summary of theliterature describing mechanismsof injury,
source of hazard, and eyeinjury in agriculture.

Appendix

Source
of Hazard Study Design Eye Injury Documented Reference

M echanism of Injury: Striketo Eye

Vegetation Case series of Injuries from bushes (e.g. whitethorn), particularly ~ Smith, 1940
agricultura eye while hedging; whin/gorse, briar, sticks, chips of
injuries wood.
Case seriesof rural  Injuries from small twigs, leaves, thorns, piecesof  Doshi, 1968
occupational eye wood, and stone chips during the harvest season
injuries
Case series of Injuries from contact with bushes, gathering/ Blake,
agricultural eye breaking sticks, chopping wood, and reaping corn 1969, 1971
injuries by hand
Case seriesof eye  Injuries while hedging, particularly whitethorn Johnston,
injuries 1971
Review of Corneal injury from leaf/twig while clipping/ Blake, 1975
agricultura eye pruning hedges and bushes;
injuries concussion cataract from impact from branch
Caseseriesof eye  Large proportion of agricultural eyeinjuriescaused  Canavan,
injuries by vegetable substances 1980
Case series of Strike by wood or twig in forest while lumbering; Saari and
agricultura eye strike by fragment while chopping wood Aine, 1984
injuries
Case series of Injury from contact with sticks; injury from fruit Vasuetal.,
occupational eye falling on the eye 2001
injuries
Case series of Strike injuries to the face, primarily the eye; most Earle
agricultural injury/  occurred in orchard setting while reaching up to Richardson
illness pick fruit, working in atree, working on or around et ., 2003

aladder, or riding atractor

Case series of Strike by fragment while chopping wood Mackiewicz
agricultural eye et al., 2005
injuries

Animal Case series of Injuries by horses (unspecified); injuries from cow  Smith, 1940
agricultural eye horn; injuries from flick of cow tail while milking
injuries
Caseseriesof rural  Animal horn impact Doshi, 1968
occupational eye
injuries

Source
of Hazard Study Design Eye Injury Documented Reference
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Case series of Contact with farm animals Blake,
agricultura eye 1969, 1971
injuries
Caseseriesof eye Contact with farm animals, primarily cow horns Johnston,
injuries 1971
Review of Contact with head, hoof, or tail of animal; Blake, 1975
agricultural eye integuments of animal /insects causing
injuries conjunctivitis and possibly keratitis; attack by
birds, particularly children
Case series of Cow butting with horn Saari and
agricultural eye Aine, 1984
injuries
Case series of Bull goreinjury Vasu et dl.,
occupational eye 2001
injuries
Case series of Cow butting with horn Mackiewicz
agricultural eye et al., 2005
injuries
Machine Case series of Injuries from tools and machinery, usualy in Smith, 1940
or tool agricultural eye relation to repair work; injury from metal divers;
injuries stoneinjury.
Review of Contact with spades, pitchforks, wire; fragments Blake, 1975
agricultura eye from rotary lawnmower
injuries
Case series of Eyeinjuries from combine harvester and Cooper, 1971
agricultura injuries  grindstone
Caseseriesof eye  Injury dueto steel wire Horan, 1979
injuries
Case series of Blunt eye trauma from a hayfork; fall of Saari and
agricultural eye unidentified machine while in operation, striking Aine, 1984
injuries the eye
Case series of Injury involving use of mowers Browning
agricultural injuries etal., 1998
Case series of Injury from sickle Vasu et a.,
occupational eye 2001
injuries
Case report of Injury to eye from tractor wheel explosion while Levyeta.,
agricultura eye being inflated 2005
injury
Case series of Intraocular metallic foreign body from hammering; Mackiewicz
agricultura eye injury from simple instrument use (knife, reaping et a., 2005
injuries hook); injury from machine use (chaff-cutter,
threshing—machine, grinding machine)
Other Case series of Fall from one level to another Mackiewicz
strike agricultural eye et al., 2005
injury injuries
Case series of Impact from stones, falls, explosions, and metal Blake,
agricultural eye (including wire and vaccination needle) 1969, 1971
injuries
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Source

of Hazard Study Design Eye Injury Documented Reference
Case series of Impact while performing repair work, including Saari and
agricultural eye hammering, contact with instrument (in operation),  Aine, 1984
injuries flying objects (unidentified), contact with wire,
exploding car battery
M echanism of Injury: Foreign Body
Vegetation Review of Irritation of conjunctiva and abrasion/ulceration of ~ Blake, 1975
agricultura eye the cornea by plant hairs, seeds, burs, and other
injuries organic particulates
Agricultural injury  Corneal abrasions from foreign bodies; most Brison and
survey injuries were associated with dusty conditionsin Pickett, 1991
spring and summer
Case report of Corneal trauma from pieces of onion skin or plant Linetal.,
agricultural eye leaves 1999
injuries
Machine Case seriesof eye  Injuries due to hammering Johnston,
or tool injuries 1971

Case series of
agricultura injury

Foreign bodies in eyes, most eyeinjuries occurred ~ Schelp, 1992
while sharpening or drilling

Agricultural injury  Foreign bodies resulting from hand and power CDC, 1995
survey tools, welding, grinding, cutting metal, and
auguring grain
M echanism of Injury: Chemical Agent

Case series of Chemical injury dueto lime; sulfate of ammonia Smith, 1940

agricultural eye

injuries

Case report of Spray to eyes/face during anmoniaapplicationto  Levyetal.,

occupational crops 1964

ammoniainjuries

Case seriesof rura Eye exposure to |aboratory chemicals used for Doshi, 1968

occupational eye testing quality of milk

injuries

Case series of Chemical injury dueto lime Blake,

agricultural eye 1969, 1971

injuries

Case report Eye/face exposure during material transfer Helmerset dl.,

agricultural injuries  accidents 1971a, 1971b

Review of Noted hazards and identified specific fertilizers, Blake, 1975

agricultural eye weed killers, fungicides, and insecticides

injuries

Case seriesof eye Corrosive eyeinjuries due to chemical splash of Saari etd.,

injuries formic acid-based livestock feed preservative 1983; Saari

and

Aine, 1984

Case report of Periorbital edema following loose tubing on Milleaet dl.,

ammonia anhydrous ammonia applicator; corneal burn 1989

agricultura injuries  following trip on hose causing connector valve to

open at farm supply store
Literature review Effects of organophosphates on the eye Dementi, 1994
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Source

of Hazard Study Design Eye Injury Documented Reference
Agricultural injury  Eye exposure to liquid agricultural chemicals CDC, 1995
survey (unidentified); eye exposure to fungicidal dust;
child gaining access to chemical storage shed
(unspecified agent)
Assessment of risk  Factorsrelated to disability in organophosphate Weinbaum
exposure; skin/eye illnesses examined et al., 1995a
Assessment of risk  Factors related to mechanism/circumstances of Weinbaum
exposure are examined; symptoms of eyeirritation et al., 1995b
noted
Case report of Eye exposure to paraquat by splashing McKeag et al.,
agricultural eye 2002
injury
Community Eye irritation from byproducts of metam-sodium O'Malley
exposure case sprinkler application et al., 2004a
Community Eyeirritation from drift of chloropicrin soil O'Malley
exposure case fumigant into surrounding community after field et al., 2004b
application
Exposure Burning eyes associated with detectable levelsof ~ Strong et dl.,
assessment and certain pesticide residues in home and vehicle dust 2004
Symptoms survey
Agricultural Itchy, irritated eyes from tasks associated with Cameron

occupational health
survey

packing crops, applying fertilizer, working in fields et a., 2006
during spraying, and early re—entry into sprayed
fields

M echanism of Injury: Biological Agent

Case series of Myotic infection secondary to traumatic injury; Blake,
agricultural eye corneal ulcer gave positive culture for Aspergillus 1969, 1971
injuries fumigatus; internal ophthalmomyiasis from sec-
ond-stage larva of warble-fly occupying anterior
chamber of eye
Review of Tetanus secondary to perforating injury from Blake, 1975
agricultura eye horse—whips or from soil contaminated by animal
injuries feces
Case series of Fungal corneal ulcersin onion harvesters; cultures Lineta.,
agricultural eye grew Candida, Cephalosporium, Crytococcus; 1999
injuries causes were Aspergillus, Fusarium, Candida, and
Cephlasporium
Screening survey Eye lesions (cataract, glaucoma, optic atrophy, Goddey et al.,
uveitis), impaired vision, and loss of vision 2001
secondary to onchocerciasis infection
Agricultural Eyeirritation (red, dry, swollen, watery) in dusty Melbostad
hygiene assessment  farm work; symptom prevalence noted relativeto  and Eduard,
total dust, fungal spore, and endotoxin exposure 2001

Agricultura Red and irritated eyes significantly associated with Eduard et a.,
hygiene assessment  exposure to 20 to 500 x 103 fungal spores m=3 2006

M echanism of Injury: Allergic Reaction
Review of Allergic inflammation of the conjunctiva from Blake, 1975

agricultural eye
injuries

flowers, fruits, or hops
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