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The title of my talk today is A Physician’s
Viewpoint, which is a nice title. For a
while I thought maybe I would just talk
about the Chicago Cubs. Then a couple of
weeks ago, I thought perhaps I would ex-
pound about the Internal Revenue Service
for a while. Actually, what I will try to do
today is present a physician’s point of
view—a practicing physician’s point of
view—regarding our role in the surveillance
of agricultural health and safety problems.

I will try to build upon Dr. Halperin’s very
excellent discussion of surveillance this
morning, focusing in particular on the
potential contribution of the rural physi-
cian. Next, I will review some of the likely
obstacles or roadblocks that, at least in my
mind, might prevent effective physician
surveillance. Finally, I will try to suggest
some ways of using existing resources to
enhance physician surveillance.

I will try to define a couple of terms. The
first term is surveillance, which refers to
the collection, collation, analysis, and dis-
semination of data for purposes of pro-
gram planning, implementation, and evalu-
ation. '

For my purposes, when I talk about physi-
cians, I am referring not only to medical
doctors and doctors of osteopathy but also
to registered nurses, to nurse practitioners,
to physician’s assistants, to anyone who is
involved in the delivery of primary care in
a rural setting.
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By "health department,” I am referring to
any body that processes the information
that is reported to it and who collects and
analyzes surveillance data.

By "farmer," I am referring to a broad
group: anybody who does physical work in
agriculture.

How is it that the physician gets involved
in this scheme of surveillance, which was
so nicely outlined earlier this morning?
Well, of the methods that were described
earlier, you will recall that some are based
upon examination of large, existing, data
bases, looking for evidence of trends in
morbidity and mortality. Some are based
upon recognition of excess hazard, possibly
using some of the data that has been col-
lected over the years by NIOSH or by
OSHA.

SENTINEL HEALTH EVENTS

Dr. Halperin also mentioned the
recognition of individual cases or sentinel
health events. This is where, in my view,
the practicing physician can contribute to
surveillance. The sentinel events are oc-
currences that have been determined to be
of public health significance. Dr. Halperin
described many of the other characteristics
of the ideal sentinel event.

The recognition of a sentinel event is im-
portant, both for the individual case and
for others experiencing similar risk. An
appropriate response to a sentinel event
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may involve an intervention aimed at the
index case, which, hopefully, can reverse
the problem or at least prevent further
morbidity.

..the intervention should affect other
workers by either addressing the hazar-
dous exposure, by screening similarly
exposed workers, or by insuring that at
least adequate protection is provided to
similarly exposed workers.

Additionally, the intervention should affect
other workers by either addressing the
hazardous exposure, by screening similarly
exposed workers, or by insuring that at
least adequate protection is provided to
similarly exposed workers. These events
can be detected in several ways.

Screening programs

Screening of specific worker populations
can occur in various settings. A lot of this
is done by employers both under duress
from OSHA and on their own. It can be
done through an occupational health clinic,
If such screening uncovers evidence of
occupational disease in a worker, this
event should trigger a careful analysis and
possibly an intervention.

Reporting programs

Alternatively, sentinel cases may be picked
up in reporting programs, which may re-
quire reports from physicians or, in some
cases, laboratories. Examples of this might
include patients who turn up with clinical
evidence of occupational asthma, or situa-
tions in which blood samples are deter-
mined to have elevated lead levels. In
most states, such situations are reported to
the department of health. Often this is a
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legal requirement for the practitioner.
The value of this kind of case identifica-
tion was demonstrated very nicely in a
number of Dr. Halperin’s examples earlier
today.

PROBLEMS IN PHYSICIAN
REPORTING OF OCCUPATIONAL
SENTINEL EVENTS

For the next few moments, I would like to
review some of the potential problems
associated with the surveillance of sentinel
events, both in theory and in terms of
applying it to the agricultural setting.

It is widely acknowledged that this type of
surveillance leads to the detection of only
a significant minority of cases. This is
most clearly seen in the infectious disease
experience.

Here is a study from Vermont that looks
at the typical or passive mode of reporting
and compares it to an active approach in
which physicians were contacted on a
weekly basis. You can see that with the
customary model, the passive model, only
about half as many cases of hepatitis, mea-
sles, rubella, and Salmonella were reported
when compared to the more active ap-
proach.

If we look at occupational health, the news
is not really any better. One example is
physician-generated reports of occupational
disease in Maryland from 1981 through
1983.

There were 17 clinics in the Baltimore
area that were doing a substantial amount
of occupational health as part of their
practice. There were 16 board-certified
occupational physicians in Maryland, and
there were at least 143 worksite clinics in
operation in the state,
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In 1982, 279 cases in total were reported.
Twenty-three percent of these were report-
ed by one physician, and 62 percent were
reported by another physician. So, 85
percent of all the case reports in Maryland
in 1982 came from two physicians.

Obviously, there are some potential prob-
lems with the reporting of sentinel events

in that the afferent limb of the reflex here
is certainly not flawless.

There is another set of problems relating
to the other side, the efferent part of the
reflex. The public health body, which is
the recipient of these notifications, must
have the personnel, the interest, and the
funding to provide an appropriate analysis
and response to these notifications. But
look at what we know about the effective-
ness of this interaction.

This is from a 1985 survey of the health
departments of 50 states as well as the
health department of New York City and
Washington, D.C. You can see that about
60 percent of the departments mandated
physician reporting of selected occupation-
al illnesses.

Lead poisoning was the most commonly
required reportable condition, yet only five
of these health departments had developed
criteria for evaluating reports of lead
poisoning. Eighteen departments indicated
routine or periodic efforts to obtain ad-
ditional details on reported cases. Only 10
departments used the case report, so only
about one-third of those who mandated
reporting used the case reporting in any of
their interventional activities, only seven
departments had ever published a sum-
mary of information from case reports, and
no department reported having evaluated
its surveillance program to determine the
rate of reporting.
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So, it is clear that the surveillance of occu-
pational sentinel events is a complex activi-
ty. It is not currently being done optimally
by any of the participants.

PROBLEMS IN PHYSICIAN
REPORTING OF AGRICULTURAL
SENTINEL EVENTS:

Physical and Farmer Interaction

Now, let us look at some of the potential
challenges involved in applying this model
to agricultural health and safety. The
physician and farmer interaction is not
always a many-splendored thing. First of
all, some farmers feel that they do not
have the funding or the time required to
see their physicians on a reguldr basis.

A second issue is the farmer’s perception
of the physician’s expertise regarding agri-
cultural health problems. If I tried to
assure an audience of farmers that their
physician could consistently recognize
occupational hazards and could always
advise them reliably on the proper treat-
ment and prevention, my statements might
be received by the farmers with an ele-
ment of skepticism.

Physician Recognition of Sentinel
Events

This leads us into the second aspect of the
issue of reporting, and that has to do with
physicians. My observations over the last
10 years are that physicians, in general,
tend to have relatively limited sophistica-
tion with regard to agricultural medicine.
There are a variety of occupational prob-
lems, which have been outlined by

Dr. Novello and a number of other
speakers, that can affect farmers.
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Some of these are clearly job-related, and
others are probably job-related. Many
physicians would have difficulty diagnosing
some of these conditions and would sel-
dom relate others to the farmer’s oc-
cupation.

Physician Reporting of Sentinel Events

If we assume that the farmer does come to
see the physician and that the physician
correctly diagnoses the problem, does it
get reported? This relates to the physici-
an’s awareness of the responsibility to re-
port as well as their interest in doing the
Teporting.

I cannot show you any data on the level of
this interest. As a practicing physician, I
can assure you that when things get
relatively busy, the interest in reporting is
limited.

Public Health Response to Sentinel
Events

Now, a final challenge in the physician
reporting of agricultural sentinel events, in
my mind, has to do with the need for a
mutually productive interaction between
the reporting physician and the health
department. Reliable reporting will con-
tinue only if it is clearly beneficial to either
the physician or to his patient.

Yet these departments have limited resour-
ces. Even if there is sufficient interest at
the health department level, it is unlikely
that most health departments have the
expertise in agricultural medicine to mount
an effective response to this kind of infor-
mation.

For the past 10 minutes I have outlined a
series of problems and roadblocks involved
in this issue that make it seem that the
likelihood of effective physician surveil-
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lance is somewhere between slim and
none. I believe, however, this is an effec-
tive activity that can be made to work, and
there are resources available that can be
applied to the task.

RESOURCES

The National Coalition for Agricultural
Safety and Health (NCASH) was formed,
following the meeting in Des Moines and
Towa City. This group has successfully
worked to secure funding to begin some of
the efforts that we are seeing today.

NIOSH certainly had contributed to this
field prior to the beginning of the NCASH
endeavor. Since then, it has received fund-
ing needed to begin a more organized
attack on these problems. Now, through
NIOSH, there is a wealth of experience
with occupational problems, although not
specifically with agricultural problems.

The recently designated NIOSH centers
should be able to provide consultation and
educational support that is specifically
aimed at agricultural issnes. As you know,
these are located in Jowa and California.

Another NIOSH-initiated program is the
Rural Nurse Sentinel Program, which I
suspect Dr. Freund will expand upon to-
morrow. Briefly, this is a program that
proposes to locate specially trained occu-
pational nurses in rural regions where they
will interact with rural physicians and oth-
ers to form a network for surveillance pur-
poses.

In addition to NIOSH-funded programs,
there are a handful of other groups around
the country that have a particular interest
and expertise in agricultural medicine. In
New York we have been working in this
field for about 10 years. We were preced-
ed in this by the group from Marshfield,
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Wisconsin. In other places in the country,
there certainly are a number of interested
individuals who have considerable experi-
ence working with farmers and farmwork-
ers.

Certainly, a number of the land-grant uni-
versities have developed expertise in engi-
neering and safety issues, and, in some
cases, this has expanded into the area of
health and health education. An example
of this would be Bill Field at Purdue,
whose interest in rehabilitation of injured
farmers has resulted in his acquiring a
knowledge of rehabilitation medicine that
makes most of us physicians envious.

Some occupational medicine groups have
become increasingly interested in this field
and clearly have become resources. Our
previous speaker and her program in
Seattle are certainly an example of this. In
general, however, I think that agricultural
problems are not an area of expertise or
even of particular interest for many oc-
cupational physicians.

POSSIBLE SOLUTIONS

Let me see if I can spend a few minutes
proposing ways in which some of these
resources might be used to help us get
around the various obstacles that I de-
scribed a few minutes ago.

Physician and Farmer Interactions

The physician and farmer interaction is a
difficult problem, and it certainly needs to
be addressed. Currently physicians are not
viewed as being particularly knowledgeable
with regard to agricultural problems, nor
are they affordable or convenient to the
farmers.
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Some of these issues can be improved,
certainly with aggressive efforts at con-
tinuing medical education. As you heard
at lunchtime, here in Iowa interested
physicians within a community may some-
times enter a program in which they re-
ceive intensive training in agricultural
health problems at the center. Such in-
dividuals then become local resources.

Educational efforts by physicians can go a
long way towards building bridges between
farmers and physicians. Jim Hartye has
developed an innovative approach at his
clinic in North Carolina.

Periodic health screening events are
scheduled for the farm community. When
these people come in for free spirometry
or free blood pressure checks or free
cholesterol checks, these are coupled with
discussions of safety practices, protective
equipment, etc.

Mary Lee Hill, from our group, will pres-
ent a poster later this week demonstrating
the effectiveness of a similar program. A
proposal for this type of approach was
recently discussed by the American
Academy of Family Practice.

The experience that we have had in New
York is that educational programs are a
very effective way to reach out to the farm
community. For this reason, we never
decline an invitation to speak to a farm
group, whether it be large or small. We
have an educational booth that spends a
lot of time on the road going to various
farm shows and programs. We design the
programs that accompany this booth to be
interactive in some way.

Frequently, there is some sort of a

come-on with free hearing testing or free
respiratory testing. The main point is to
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obtain a teachable moment with this group
and spend some time educating.

These kinds of contacts with farmers and
their families have enabled us to learn a
lot. It also, at the same time, has strength-
ened our relations with the agricultural
community in New York and has enabled
us to gain some recognition with the com-
munity as having some experience and
expertise in agricultural health problems.

Now the local practitioner is unlikely to
have the time, interest, or expertise to
approach farmer education in this way.
However, if one were supported in this
effort with teaching materials, with exam-
ples of acceptable protective equipment, as
well as a basic understanding of this mate-
rial, these efforts might prove not only
possible but actually productive, not only
in terms of educating but in terms of alter-
ing the relationship that currently exists
between physicians and farmers.

In the waiting room of a rural clinic in
Sweden that is run by a physician, with a
particular interest in agricultural medicine,
prominently displayed are various types of
protective equipment as well as instruc-
tions. He provided fairly sophisticated
discussions of ergonomics for his patients.
I think these kinds of effort go a long way
to building bridges with the farm com-
munity.

Physician Recognition of
Sentinel Events

The problems in physician recognition
relate to the level of sophistication that the
physician has regarding occupational and
specifically agricnltural health problems.
The potentially large number of events,
many not clinically certain or absolutely
related to work, clearly poses a problem
for these physicians. Here again, aggres-
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sive, continuing medical education is part
of the answer.

In addition, I think the number of report-
able events must be limited to a few.
These should be defined for epidemiologic
rather than clinical purposes. For exam-
ple, if we agree that farmer’s lung is an
appropriate target for surveillance, we
would not require that a case demonstrate
repeated recurrences, antibody positivity,
and a predominance of lymphocytes in the
bronchoalveolar lavage fluid.

Rather, we would want to hear about any
febrile reactions with myalgias or cough
that occur following dusty work. The
determination of whether this is farmer’s
lung, or organic dust toxicity, or simply
pneumonia would be made later on by a
different part of that reflex loop. A form
that we use in the Occupational Health
Network in New York allows for a sub-
stantial amount of uncertainty regarding
the clinical diagnosis.

Nevertheless, these people get on the re-
cords and it is possible at a later date to
sort out how certain we were and how
good the evidence was that this was a bona
fide case. So I think that although physi-
cians have a need to be quite certain,
epidemiologists are more comfortable with
less certainty. Physicians have to be edu-
cated to this difference, if they are going to
report these cases.

Physician Reporting of Sentinel Events

Physician interest in reporting agricultural
or any illness is going to be affected by the
level of antipathy felt towards the local
health department. In my home state of
New York, this is considerable, and the
easiest way to infuriate a New York physi-
cian is to send him a letter that says, "Dear
Provider, The New York State Department
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of Health now requires that you do the
following." There is no way to enforce
these kinds of laws, and so I do not think
it is a productive way to approach the
physicians.

Interest in reporting is further moderated
by the amount of time and effort needed
to do so as well as by the natural reluc-
tance to get wrapped up in what is some-
times a quagmire of workmen’s compensa-
tion. If the health department hopes to
receive reports, the systemn must be readily
accessible, user friendly, and perceived as
beneficial either to the physician or to her
patient. A system like the Poison Control
Center Network, which provides consulta-
tion and support to the physician, will at-
tract a lot more interest than simply
another annoying letter from the health
department.

Active surveillance has repeatedly been
shown to be more effective and well-
received by physicians.

Once again, I will use an example from the
infectious disease literature. This is a
study from Rochester, New York.

They divided the physicians into three
groups. Some received a weekly phone
call, some received a weekly post card, and
most just performed passive surveillance as
is typical.

Not surprisingly, there was substantially
more response in the telephone group than
in the post card group. There was better
response in the post card group than in the
passive group. So the message is that
active surveillance is better, and I think
NIOSH, recognizing this, has initiated the
nurse surveillance program, which I men-
tioned earlier.
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Public Health Response to Sentinel
Events

Now, the final series of roadblocks, as I
see them, are at the level of the health
department. We have already seen that
health departments often have poor, if any,
response to the cases of commonly report-
ed occupational illness. The response to
agricultural illness is likely to be worse,
since it’s unlikely that the department will
have any experience, much less expertise,
in the area.

It is not likely that agricultural problems
will be able to compete in a busy, urban-
based, overworked, and underfunded
health department. What is the solution to
this particular set of problems?

I would propose that the health
department ought not to be directly in-
volved in the feedback part of this loop.
Ideally, this would best be done by a
group, which is interested in and
knowledgeable about agricultural
problems—a group that could offer the
"poison control center"-type of approach
with support and consultation for the refer-
ring physician. Ideally, industrial hygiene
and agricultural engineering consultation
would be offered to the physician’s patient.

Who can provide these kinds of services
for the health department? In some cases,
it might be a medical school. In general,
however, I think most medical centers’
lukewarm approach to occupational health,
abysmal records in rural health, and lack
of appreciation of agricultural medicine
make it likely that we should look else-
where for help.

The resource, which I would favor, is the

existing NIOSH program for Centers for
Agricultural Research, Education, Disease
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and Injury Prevention. Expansion of this
program on a regional basis throughout
the country would enable education of
physicians so frequently mentioned in the
last few minutes. These centers would
interact to support the nurse sentinels,
provide user friendly feedback and support
to practicing physicians, and help bridge
the gap between the farm community and
the medical establishment.

In summary, I believe that the practicing
rural physician can definitely make a valu-
able contribution to the detection of occu-
pational sentinel events in farmers. There
are particular problems, or potential
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problems, that are related to the ability of
health departments to coordinate respons-
es to these reports, related to the compe-
tence of physicians in agricultural medi-
cine, and related to the farmers’ percep-
tion of the physician relative to the farm
workplace.

1 believe that there are potential solutions
to these problems and that many of these
might best be approached by the use of
regional centers for agricultural health and
safety, which could provide education,
consultation, and support services to prac-
ticing physicians and farmers.O

Papers and Proceedings



Surgeon General’s Conference on Agricuftural Safety and Health
FARMSAFE 2000 « A National Coalition for Local Action

Convened by the National Institite for Occupational Safety and Health

April 30 - May 3, 1991, Des Moines, lowa

CHEMICAL HAZARDS

By Linda Rosenstock, M.D.
Director of Occupational Medicine
University of Washington

Dr. Henry A. Anderson: So, et me introduce Dr. Linda Rosenstock who is Director of Occupational
Medicine at the University of Washington. She has done considerable research and has been very
active dealing with chemicals—actually all occupational exposures—and today is going to specifically
address chemical exposures as they occur in the agricuttural setting. Dr. Rosenstock:

There are two things that I would like to
highlight during this discussion about pesti-
cide health effects. The first is to consider
how surveillance can be used to prompt
further investigation and research, particu-
larly looking at the interface between sur-
veillance and research.

The second is to use this opportunity to
talk specifically about a class of pesti-
cides—the organophosphate pesti-
cides—because of their significant acute
toxicity and because of their potential for
chronic toxicity.

As we try to break new ground and broad-
en our concern for farmers and farmwork-
ers to include community effects of expo-
sures, we will need to investigate the whole
spectrum of the dose-response curve. 1
will provide evidence of long-term neuro-
logic consequences of the highest levels of
exposures, which are those that follow
serious acute poisoning.

I want to raise for consideration the poten-
tial for long-term, chronic neurologic ef-
fects from lower levels of exposures to
pesticides in the unpoisoned worker. This
could happen by directly applying or han-
dling the pesticides and even, perhaps, in
the indirect exposures seen in the com-
munity setting.

Surgeon General's Conference on Agricultural Safety and Health — 1991

SURVEILLANCE

My colleagues and I at the University of
Washington first became involved in pesti-
cide health-effects research in clinical
evaluation of patients. Our primary goal
at the Occupational Medicine Clinic is to
attempt to define a patient’s medical con-
dition and then to try to determine wheth-
er or not it is work-related.

One such patient was a farmworker who
had spent all of his adult life in farm labor.
He was living east of the mountains near
some of our largest apple orchards. He
was referred because of concerns by his
physician, who had known him well for a
number of years. Following an episode
two years before we saw him, he devel-
oped a number of new, now chronic,
health problems.

At the time we saw him, the patient com-
plained of persistent headache, memory
loss, confusion, and generalized fatigue.
These symptoms followed soon after a
significant pesticide poisoning two years
earlier.

He had been involved in a full day of
working behind a chemical sprayer, sus-
taining significant skin absorption of an
organophosphate pesticide, and was over-

151



Survelllance — Agriculture-Related Diseases, Injuries and Hazards

come and soon hospitalized with what was
a moderately severe pesticide poisoning.
He never successfully returned to work
after that episode.

He tried to go to work one week later and
just could not. It was at this time that his
family and his physician documented a sig-
nificant change in his general mental
status.

The patient had one previous significant
pesticide poisoning five years before this
latter episode, from which he recovered
well except for some continuing complaints
of new, mild headaches.

On physical examination, we found evi-
dence of disorientations and problems with
memory. Clinically, he looked similar to
elderly patients who present with dement-
ing disorders such as Alzheimer’s disease.
Full neuropsychological tests documented
in a more objective fashion significant
abnormalities in a wide array of neurologic
functions consistent with an organic brain
syndrome or chronic encephalopathy.

On the basis of this information, we con-
firmed that he had a significant dementia-
type illness. Important questions still re-
mained. What caused this illness? Was it
related to work?

There were certainly several features that
made us think it was not traditional
Alzheimer’s disecase. Not only was he a bit
young to present this level of abnormality
from the disease, but it had come on rath-
er suddenly. Clearly, the temporal relation
to the pesticide poisoning was remarkable.

With that in mind, we decided to turn to
the medical literature for assistance. Over
the last few decades, there have been
many suggestions of the potential for chro-
nic neurologic problems to follow acute
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poisonings. Little formal epidemiologic
research has been done.

ORGANOPHOSPHATE PESTICIDES

Our lack of knowledge is perhaps surpris-
ing given the extent of pesticide exposures
and intoxications. Current estimates from
the World Health Organization (WHO)
are that around the world there are about
three million severe pesticide poisonings a
year.

Organophosphate pesticides are the
leading cause of intoxications in most ar-
eas. Only about one-third of the poison-
ings are occupational. Two-thirds of these
are accidental, including suicide.

It is estimated that the annual poisoning
fatality rate on a global basis is about
220,000. People who get occupationally
poisoned, as expected, have a lower fatali-
ty-to-case ratio than those who sustain
intentional and unintentional nonoccupa-
tional poisoning.

It is estimated that 99 percent of fatal
poisonings occur in the developing world.
It has also been estimated that about 5,000
to 10,000 serious poisonings occur each
year in the United States.

Much is known about the early effects that
will follow acute organophosphate pesti-
cide intoxication. In addition to the acute
syndrome there are a few others, which
may follow by days or perhaps weeks.

The question, though, that I would like to
address and give you some information
about is whether or not high-level, acute,
single doses of organophosphate exposure
can lead to chronic central nervous system
neurologic deficits.
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In order to look at this question, we had and reasonably well-validated pesticide

an opportunity to perform a study in Leon, registry has been in place there for about 4
Nicaragua. Leon is the center of an agri-  years.

cultural region in Nicaragua. A very active

Table I. Neuropsychological Performance of Poisoned and Comparison Charts.

R e o ]

Mean Test Score (SD) Estimate of

TEST Poisoned Not Poisoned Difference of
n= n=236 Means (95% CI}*
LANGUAGE
WAIS-R Vocabulary 252 (12.1) 287 (9.4) 3.4 {-1.1,8.0)
ATTENTION
Verbal WAIS-R Digit Span'** 46 (2.1) 63 (3.2 1.7 10.6,2.9)+
Visual Digit Vigilance (seconds) 305 (135) 256 (91) 60.3 (18.8,101.9)t
MEMORY
Verbal REY Auditory Verbal Learning® 7.9 (2.9) 8.8 (2.7) 0.9 (-0.2,2.0)
Visual Benton Visual Retention Test'* 4.6 (2.4) 61 (2.2) 1.5 (0.6,2.5)¢
VISUO-MOTOR
Speed Digital Symbol** 19.2 (125) 254 (11.8) 6.1 (1.6,10.6)¢
Sequencing Trail A (seconds) 81.0 (33.0) 63.3 (26.7) 206 (7.7,33.5)+
Problem
Solving  Block Design 7.7 (7.3) 147 (9.2 6.9 (3.7,10.2)¢
MOTOR
Steadiness Pursuit Aiming II** 759 (336) 94.4 (20.9) 18.4 (7.3,29.6)¢
Reaction  Simple Reaction Time
(milliseconds)* * 340 {111) 308 (50) 32 (-2.0,66)
Dexterity  Santa Ana Dexterity Test
{dominant hand)** 31,7 (65 356 (7.0) 4.2 (1.3, 7.0)+
Speed Finger Tapping (dominanthand) 46.3 598 47.3 (6.4) 1.1 {(-1.9,4.0)
AFFECT/SYMPTOMS
Brief Symptom Inventory® 206 (10.7) 188 (9.8) 1.8 (-2.9,6.5)
Questionnaire 16 7.2 {4.0) 47 (3.8) 25 (1.0,4.1):

Test results represent raw scores (numbers of incorrect responses) unless other units are specified.
Positive value for Estimate of Means (and 95% Cl) indicates worse performance by poisoned cohort
relative to comparison cohort. Estimate is based on paired t-test. Estimate may differ from value
obtained by subtracting sample means in instances where full paired data were not available.
Component of WHO Neuropsychological Core Test Battery (11).

++

t = p<0.01 by paired t-test.
! Digit Span (total recalled: forward and backward). SD = standard deviation
2 Rey Auditory Verbal Learning (number correct after distraction, Trial Vi). Cl = confidence interval

* Brief Symptom Inventory (Positive Symptom Total).
— Adapted from Rosenstock L et al. Chronic Nervous Effects of Acute Organcphosphate Intoxication,
The Lancet. 338: 223-227, 1991.
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For example, in one region over a several-
month period in 1987, there were close to
300 reported cases. Most were occupation-
al cases of poisoning and two-thirds of
these were hospitalized.

Some conditions of pesticide use in
Nicaraguna are worth noting by a look at
some photographs. A common reason for
occupational poisonings is malfunction of
backpack sprayers. These are made of
plastic and there often are not replacement
parts available. Skin absorption is has-
tened in the hot climate. A breakdown of
equipment in league with skin absorption
can lead rapidly to serious overexposures.

Another photo shows a warning label on a
container; the label that gives a warning is
in English. This is not very helpful in a
Spanish-speaking country where only about
half the population in the rural area is
even literate.

I will now review briefly how we undertook
the study and what our main results have
been. We were able to identify 36 men
who had been hospitalized in the main
hospital in this region with moderate to
severe organophosphate pesticide poison-
ing. We studied them, on average, about
two years after the poisoning episode.

A community comparison group was com-
posed by matching to each poisoned indi-
vidual someone of the same age and sex
who was either a close friend or a sibling
and who worked in the same community.
By doing this kind of design, which is a
retrospective, cohort, matched-pair design,
we had a comparison group that was signif-
icantly exposed to pesticides. What was
different was that this group had never
been medically treated for a poisoning.

Neuropsychological functioning was as-
sessed by a test battery, which evaluated a
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wide array of neurological functions includ-
ing motor testing, visual perception and
processing, testing of memory and lan-
guage abilities, and affect.

Table I shows the characteristics of these
populations. There was good matching of
our community (never poisoned) and our
poisoned group.

Table iI. Characteristics of Poisoned and

Comparison Cohoits.
. .
Not
Poisoned Poisoned
(N = 36) (N = 36)

Mean age in years
(xS.D)
Number with no

27.6 (+9.5) 27.8 (9.3)

formal education 17 (47%) 12 (34%)
Number who consumed

any ethanol in

past month 13 (36%) 16 (44%)
Number with heavy

ethanol consumption

past month® 5 (14%) 6 (17%)

* Defined as drinking more than 10 bottles of
beer or 10 one-haff bottles (500 cc) of rum in

past month.
— Adapted from Rosenstock L et al.
Chronic Nervous Effects of Acute Organophosphate
Intoxication, The Lancet. 338: 223-227, 1991.

They are almost identical in age. About
70 percent of the comparison cohort has
also worked with pesticides. A large num-
ber also gave complaints that were consis-
tent with pesticide poisoning, but they had
not been hospitalized for these episodes.

The poisoned group performed worse than

the non-poisoned comparison group for all
outcomes studied (Table II).
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In one set of tests, which is a World
Health Organization (WHO) standardized,
neuropsychological battery, the poisoned
group had statistically significant worse
performance on five out of six subtests.
We also did some additional tests. The
same pattern holds.

On the basis of this study and the ac-
cumulating evidence in the medical
literature, we feel that even episodes of
acute organophosphate poisoning can
cause permanent neurologic dysfunction.

We cannot in this study tease out as much
precision as we would like to compare the
contribution of cumulative pesticide expo-

sure to the overall effect. Any analysis we
did, looking at why the poisoned group did
worse, suggested that it was the actual

QUESTIONS

Chemical Hazards, May 1, 1931

episode of acute poisoning that contributed
as the main factor to these differences in
performance rather than other measures of
pesticide exposure. On the basis of this
study and the accumulating evidence in the
medical literature, we feel that even epi-
sodes of acute organophosphate poisoning
can cause permanent neurologic dysfunc-
tion.

Although we concluded that it was likely
that the patient first presented in this dis-
cussion had sustained a work-related or-
ganic brain syndrome, much remains un-
known about organophosphates and chron-
ic neurologic sequelae. Further study is
needed to try to replicate our findings and
explore the effects of specific chemicals
within the organophosphate group, the role
of other factors interacting with these
chemicals, and the clinical significance of
the observed neuropsychologic disturb-
ances.0]

Dr. James A. Dosman: Linda, thanks a lot. I really enjoyed your talk. As scientists we never pay attention
to one case, but, as you know, clinical observation is the first step in epidemiology. About two years ago a
man came to me who said that he was perfectly healthy until one afternoon when he was spraying with

(inaudible); it is a carbamate.

When he went out in the morning, the wind was still. Then the wind came up and it blew over him. When
he got in at noon he felt so weak that he could not get to the house. Eventually he did. He lay there for
two or three days; he secmed to recover. Since that time, he has been unable to do anything, He has felt
depressed. He cannot make decisions. He cannot be effective. I would like to ask you, do you think, on the
basis of the work that you have carried out, that this kind of mental reaction is possible following one

overdose?

Dr. Linda Rosenstock: I think it is a good question. Using the word "possible” makes it a little easier to
answer. If I were asked, again using this legal standard, if there is a greater than 50 percent likelihood, I

would have more trouble saying yes.

I think the case reports in the medical literature suggest that there may be significant anxiety and depression
following exposures, The question is how much exposure and what the mechanism is. Unfortunately, I think
the conventiona! wisdom has been to say people just get traumatized and we are looking only at a psycholog-
ical reaction. They are anxious and it has nothing to do with the effects, directly, of the chemicals.
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In our study, we were actually surprised. We expected to find differences in psychiatric performance. In
otlgcc;l;vords, there is increased anxiety and depression in the previously poisoned group, which I went over
quickly.

In our study, we found no such differences. That made it casier for us to say everything clse was real. If we
found differences, then a lot of critics would say, "Well, you are only measuring problems with memory because
people are depressed; if you are depressed you do not concentrate as well because you are distracted.” It made
it casier for uvs to defend our results.

But I still think, despite our negative findings in that regard, that the medical literature suggests that results
like this can happen. I think they are worthy of further investigation. It is too easy to write off all of these
people who have these complaints and say that they, all of a sudden, got a little crazy when they were not
crazy before.

Dr. Henry Anderson: I think we all want to keep in mind that we are going to be hearing examples. What
we are challenged with is, what data systems or what surveillance currently exists that can assist in the
identification of the cases so that it can interface with follow-up rescarch? We have one of the key chemical
exposures. I think we are all aware that there are multiple chemical exposures that go on in the agricultural
setting. One of the key ones is the organophosphate poisoning. We think in tetms of the continuum that
Bill presented. We have laboratory testing to measure effect. Whether it is an adverse effect is still being
argued. We have exposure assessment techniques. We have disease outcomes ranging from fatality to acute
poisonings. The challenge is, "How can surveillance assist in a better understanding of the other parameters
that relate to these types of exposures?”
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RESPIRATORY DISEASES

By James A. Dosman, M.D.
Director, Center or Agricultural Medicine
University of Saskatchewan

SUMMARY

The structuring of health surveillance pro-
grams for widely dispersed agricultural
populations is difficult because of the mul-
tiplicity of exposures and health effects.
There is also the difficulty with reaching
and communicating with widely dispersed
populations.

In order to accomplish this objective, a co-
operative approach between government,
industry, the community, and individuals is
necessary. In order to achieve successful
"rural family life enhancement,” a high
degree of local ownership and leadership
in the program is essential.

The problems of structuring health surveil-
lance programs for widely dispersed popu-
lations that do not fit traditional labor-
management structures for industry are
numerous. Nonetheless, the significant
issues relating to health and well-
being—involving high rates of death, dis-
ability, and accidents; respiratory difficul-
ties as the result of dust, microbe, and
chemical exposure; possible enhanced can-
cer risks as a result of environmental ex-
posures; hearing loss as a result of unguan-
tified and uncontrolled noise levels; skin
problems as a result of exposure to dusts,
chemicals, microbes, and other substances;
and stress and psychiatric problems as a
result of isolation, economic difficulties,
and inter-generational family problems—all
demand a coordinated occupational health
program.

Surgeon General’s Conference on Agricuftural Safety and Health - 1991

On the organizational level, structuring
such programs is difficult as farmers and
other agricultural workers are widely dis-
persed, do not belong to single organiza-
tions or companies, and are thus difficult
to reach for health surveillance, early iden-
tification, and an educational-preventive
perspective.

THE TOOLS OF HEALTH
SURVEILLANCE

In this model, no one organization may be
responsible for, or effectively deal with,
occupational health and well-being ques-
tions. In order to achieve success, cooper-
ation is required between government,
industry, the community, and individuals.
This paper describes certain approaches at
each of these four levels.

..we recommend the establishment of
health and safety committees at the local
level, organized by target populations, for
the purpose of identifying issues,

facilitating programming, and achieving
results.

GOVERNMENT

Governmental agencies can exercise con-
siderable influence on health surveillance
by moral leadership, regulatory approach-
es, and information retrieval and distribu-
tion. In Canada, for example, Labour
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Canada, a regulatory agency for workers
that is involved in the cereal indus-
try, requires that dust levels be maintained
at no greater than 10 mg/m’ time-weighted
over an 8-hour day, and that workers be
given the opportunity for questionnaire
assessment and pulmonary function testing
every 3 years. As part of this program,
Labour Canada requires receipt of dust
level and medical information.

The latter requirement has contributed to
compliance and interest in the program on
the part of industry and labor. It has
provided scientific information that is
being utilized to estimate longitudinal
effects of grain dust exposures on human
health. Thus, the regulatory process ap-
pears to be accomplishing a number of
goals:

1. Reduction and regulation of environ-
mental dust levels.

2. Compliance of industry and workers in
providing for, and being involved in, a
periodic human health assessment pro-
gram.

3. The utilization of information from this
program in scientific research, that in

Table I.
Elevator Facilities.

Number or Dust Samples Obtained in Canadian Grain

turn may assist in re-evaluating dust
level regulations.

In some ways, this program may be consid-
ered a model of the manner by which
government may stimulate action at several
levels.

INDUSTRY

Where concentrations of agricultural work-
ers exist, as in the grain transport and
storage industry, industry may play a lead-
ing role in promoting good health amongst
its workers. Utilizing the Canadian grain
industry as an example, compliance among
companies in initiating dust removal equip-
ment in grain facilities has been relatively
good. Table I indicates that out of a total
of 2,048 dust samples obtained in grain
facilities in Canada in the early 1980’s,
only 19.8 percent of the samples obtained
by Labour Canada, and 17.2 percent of the
samples obtained by the companies them-
selves, exceeded the recommended maxi-
mum dust exposure limit of 10 mg/m’.

An additional dimension to the provision
of health surveillance services for these
workers is taking place in Canada in the
Province of Saskatchewan. In this prov-
ince, all grain companies have gone be-
yond the legal requirements
of Labour Canada and are
providing sufficient resources
for a more comprehensive

<5mg/m* >5mg/m* >10mg/m® approach to health surveil-
n o, n % n _% lance that goes beyond the
Labour Canada’ 341 648 185 452 104 198  minimum respiratory re-
Companies 1008 662 514 338 261 172  quirements of the regulatory
Samples Collected: agency.
' 1980-1984, n = 526

~ 1978-1986, n = 1,552

Such additional services

Total = 2,078

— Reprinted from: McDufie HH, Pahwa P, Dosman JA Respiratory Health Status
of 3,098 Canadian Grain Workers Studied Longitudinally,

American Joumnal Industrial Hygiene. (in press) 1991,
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include, in addition to
respiratory testing, one-to-
one nurse counselling invol-
ving lifestyle management
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(smoking and other issues), use of personal
protective devices, back care, stress, and a
variety of other occupattonal health ques-
tions. In our experience, the workers have
responded positively to this initiative.

COMMUNITY

The provision of health surveillance to
widely dispersed farmers and their families
must, by necessity, involve the community.
In Saskatchewan, in the model being uti-
lized, a widely dispersed approach is taken
to occupational safety and health through
the Agricultural Health and Safety Net-
work of the University of Saskatchewan.

In this approach, individual rural
municipalities, the local unit of self-govern-
ment, enroll their resident farm families in
the Agricultural Health and Safety Net-
work for the promotion of better health
and farming practice. Since its commence-
ment three years ago, 10 percent of the
rural municipalities in the province have
enrolled their farm families in this net-
work, comprising about 7,000 persons.
Once enrolled in the network, individual
farm families receive preventive materials
on various topics relating to good healthy
farm practice annually.

In addition, health surveillance services,
such as respiratory testing and seminars on
safe dust management, the use of personal
protective devices, and other issues, are
provided. Recently, as part of this pro-
gram, seminars on safe chemical
management have been offered, and a
hearing conservation survey took place in
one municipality.

This program is financed by individual

subscriptions from the municipalities, amo-
unting to 1/10th of one mill of taxation per
year. The relation between the Center for
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Agricultural Medicine, which promotes the
program, and individual farm families is
through elected rural Municipal Councils.
While it is too early to determine the ef-
fectiveness of this approach to health sur-
veillance, it appears to offer potential.

THE INDIVIDUAL

The most successful approach to good
work, health, and lifestyle practice is
through an educated and motivated indi-
vidual. Farm families are scattered widely
geographically. With farm work practices
being ingrained over many years, the pro-
cess of education remains the most impor-
tant and vseful means of making gains.

The basis of the approach through the
Agricultural Health and Safety Network is
to achieve an educated and motivated
individual. Yearly provision of materials,
the provision of stickers for farm imple-
ments identifying individuals as members
of the Agricultural Health and Safety Net-
work, and tailored educational sessions are
important in this process. In addition,
information and material developed within
the geographic area in question that is
useful to, and identified with, the type of
farm practice, social issues, and family life
of the region, are important.

RURAL FAMILY LIFE ENHANCEMENT

The goal of health surveillance in the agri-
cultural industry should be a broadly based
approach to a multiplicity of issues that go
beyond the workplace per se and result in
an enhanced quality of life for persons who
live in rural areas, the majority of whom
are involved in agriculture and its related
industries. In order to accomplish these
goals, a combined, coordinated approach
between government, industry, community
organizations, and individuals is essential.
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Underlying this cooperative approach is lishment of health and safety committees

the necessity of local ownership of and at the local level, organized by target pop-

leadership for programs that are undertak- ulations, for the purpose of identifying

en. Specifically, we recommend the estab-  issues, facilitating programming, and
achieving results.00
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ABSTRACT

There has been no comprehensive data system to identify the magnitude of the injury problem
in the rural farming community or the potential risk factors that may be associated with this
problem. Serious discrepancies among the existing data sources, pertinent to occupational
morbidity and mortality, limit identification of the true magnitude of the problem. Based on a
recent National Academy of Sciences report, it has been documented that fatal as well as non-
fatal occupationally related injuries have been greatly undercounted. In part, these discrepancies
in mortality and morbidity data are due to variations in definitions, the worker populations
included, methods of case ascertainment, and the data sources utilized.

Fatality rates identified for agriculture have ranked among the highest for many years. However,
given the overall discrepancies among the data systems and the reporting limitations for
agriculture, these would appear to be extremely conservative estimates. A major barrier to
progress in the prevention of agricultural injuries has not only been a lack of knowledge about
the magnitude of the problem but also a lack of knowledge about specific causes or risk factors
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due to the lack of analytical studies. This paper includes an historical perspective of surveillance

and its importance to the problem of injuries in the

agricultural community. Special emphasis is

placed upon the data sources and methodological approaches that have been used in agricultural
surveillance, including advantages and limitations.

Among the agricultural injury surveillance efforts that will be discussed are two major
population-based efforts, conducted by a multi-disciplinary team, using a methodology that can
also serve as a model for long-term surveillance efforts at the state, regional and national levels.
These efforts are the Olmsted Agricultural Trauma Study (OATS) and the Regional Rural
Injury Study (RRIS):

1.

The overall purpose of OATS was to identify the magnitude and characteristics of the injury
problem among all farms in Olmsted County, Minnesota, using a telephone interview
methodology, validated through medical records. Data pertinent to the household members,
characteristics of the farm operation, and injury events (farming and non-farming related;
intentional and unintentional) were collected. In concert with this effort, a case-control study
to facilitate identification of risk factors, an inter- and intra-rater reliability study of E-coding,
and a follow-up pilot investigation of machinery-related injury events were also conducted.
Specific findings, including injury rates, characteristics of the injuries and injury events, and

risk factors, are presented with regard to implications for surveillance.

2. OATS provided the basis for the Regional Rural Injury Study (RRIS), currently being
conducted in a five-state region: Minnesota, Wisconsin, North Dakota, South Dakota, and
Nebraska. Data collection covers a twelve-month period of time for over 4000 rural
households, utilizing computer-assisted telephone interviews (CATI). This effort will enable
the identification of injury rates for each state and the region as well as multiple analytic
substudies, including tractor-rollovers and animal-human injuries. The project also includes
application of the results to the development of intervention strategies, to be achieved by
convening nationally recognized experts and the regional participants in the Agricultural

Injury Intervention Stratepy Workshop.

INTRODUCTION

There has been no comprehensive data
system to identify the magnitude of the
injury problem in the rural farming com-
munity or the potential risk factors that
may be associated with this problem that
can enable progress in the prevention of
agricultural injuries. Serious discrepancies
among existing data sources limit identifi-
cation of the true magnitude of occupa-
tional morbidity and mortality. For exam-
ple, the fatality rates identified for agricul-
ture have ranked among the highest for
many years, but a recent National Acade-
my of Sciences report,' documented that
fatal as well as non-fatal occupationally-
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related injuries have been greatly under-
counted.

Another major barrier to progress in the
prevention of agricultural injuries has been
a deficiency in knowledge about specific
causes or risk factors due to the lack of
analytical studies. This paper includes an
historical perspective of surveillance and
its importance to the problem of injuries in
the agricultural community. Special em-
phasis is placed upon the data sources and
methodological approaches that have been
used in agricultural surveillance, including
advantages and limitations.
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SURVEILLANCE: AN HISTORICAL
PERSPECTIVE

Surveillance is a French word originally
meaning, "keeping a close watch over an
individual or group of individuals in order
to detect any subversive fendencies.” Cur-
rent dictionary definitions, e.g., "vigilant
supervision,” "spylike watching,” or "watch
or observation kept over a person,
especially one under suspicion or a
prisoner,™ continue this negative con-
notation. This historical perspective
provides a basis for the negative percep-
tion of "surveillance” in the general
population that can seriously affect data
collection efforts.

Surveillance of disease evolved in the 17th
century when fear of plague epidemics
resulted in efforts to document the impact
of morbidity and mortality. Subsequently,
surveillance efforts have been utilized to
monitor acute disease outbreaks and to
ascertain potential relationships between
working environments and certain health
conditions in Europe.? However, it was
not until the 19th century that surveillance
had evolved as a "means of collection and
interpretation of data related to environ-
mental and health monitoring processes for
the definition of appropriate action, for
prevention and health care.™

A surveillance effort comparable to those
that were developed in Europe and fo-
cused on disease entities did not emerge in
the United States until 1900; full national
n;(:);gtality coverage was not attained until
1933.

INJURY SURVEILLANCE
Of great importance is the fact that, al-

though injuries have been identified as a
persistent problem over time, there have
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been no adequate comprehensive surveil-
lance systems established." In particular,
occupational injuries, which constitute an
important part of the injury problem in the
United States, have not received attention
commensurate with the magnitude of the
problem. Agriculturally related injuries
have received even less attention since
about 95 percent of all farming operations,
by virtue of their size, do not fall under
the jurisdiction of the Occupational Safety
and Health Administration’s, or other
agencies’ recording and reporting require-
ments.**

Occupational Injury Surveillance

Serious discrepancies among the existing
data sources pertinent to occupational
morbidity and mortality limit identification
of the true magnitude of the problem. In
1989, the National Safety Council esti-
mated that there were 10,400 occupa-
tionally related fatalities.” The Bureau of
Labor Statistics: (BLS) reported 3,300 for
the same year.®* A third source of occupa-
tional fatality data is the National Trau-
matic Occupational Fatality (NTOF) data
base at NIOSH, based on death certificates
specifically coded with the "injury-at-work"
designation. Through this source, it was
estimated that approximately 7,000 work-
related fatalities occurred each year during
the period between 1980 and 1985.°

Similar discrepancies are identified for
non-fatal occupational injuries. In 1989,
the National Safety Council estimated that
there were 1.7 million disabling injuries.’
During the same year, the Bureau of
Labor Statistics estimated that ap-
proximately 6.2 million work-related inju-
ries occurred, with 2.9 million of those
involving lost work days.' Another source
of data is based on a sample of ap-
proximately 66 emergency rooms from the

163



Surveillance - Agriculture-Related Diseases, Injuries and Hazards

United States Consumer Products Safety
Commission’s (CPSC) National Electronic
Injury Surveillance System (NEISS). From
an unpublished NIOSH report based on
these data, it was estimated that over 3.8
million occupational injuries of varying
severity and outcome are treated every
year in all U.S. emergency departments.

In part, these discrepancies in morbidity as
well as mortality data are due to variations
in definitions, the worker populations that
have been included, different methods of
case ascertainment, and the various data
sources that have been utilized.”

Agricuttural Injury Surveillance

Fatality rates identified for agriculture
have ranked among the highest across all
occupations for many years. Based on
National Safety Council data for 1989,
agriculture accounted for a rate of 40
deaths per 100,000 workers, compared with
9 deaths per 100,000 workers for all occu-
pations. National morbidity rates in agri-
culture have been elusive due to the Iack
of adequate population-based data for
non-fatal events.

However, the data suggest a major prob-
lem among farm residents.**** In 1989, an
estimated 120,000 disabling injuries oc-
curred in agricultural work, with 70,000 of
these involving farm residents.” Given the
discrepancies among the various data sys-
tems and the reporting limitations for
agriculture, the estimates identified would
appear to be extremely conservative.

A major barrier to progress in the preven-
tion of agricultural injuries has been not
only a lack of knowledge about the magni-
tude of the problem but also a deficiency
in knowledge about the specific causes or
risk factors due to the lack of analytical
studies.’** Through ongoing, systematic
data collection, with consequent analysis
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and interpretation, epidemiologic surveil-
lance (Figure 1) enables the identification
of the magnitude of the morbidity and
mortality problem, injury epidemics, new
injury problems, and potential risk factors.

BASEL INE
DATA COLLECT 10N

PREVENT IOH AND COMTROL

STRATELY/ PROGRAM ANALYSIS I
IPLBMENTAT 1IDH / /

~

PLAMN

INTERPRETATION

e

OITSEMINAT ION

Figure 1. Surveillance of Injuries in Agriculture.

Of particular importance is that it can
provide a scientific basis for analytic re-
search to identify specific risk factors that
are critical to the development of interven-
tion strategies for the prevention and con-
trol of agricultural injuries. The integrity
of a surveillance system is reliant upon
regular evaluation and meodification, as ap-
propriate, with specific attention to validity
and reliability measures. Finally, the sur-
veillance system provides for ongoing eval-
uation of specific prevention and control
activities so that alterations can be imple-
mented, if necessary, along the way.

ELEMENTS OF SURVEILLANCE

Meaningful injury surveillance requires
data that will allow the calculation of pop-
ulation-based morbidity and mortality
rates. This requires complete numerator
and denominator data for the population
from which the data are drawn.
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A serious deficiency in many of the surveil-
lance efforts that have been initiated is the
mabilil?( to identify adequate denominator
data.*>™ Not only is it essential to iden-
tify the total numbers of people at risk but
also the various demographic characteris-
tics of that population (e.g., age, gender,
education, socioeconomic status, length
and types of exposures, experience, and
behavioral characteristics).

Of further importance is the collection of
exposure data that address the farming
operation, including the sizes and types of
operations, the animals involved, and the
machinery, equipment, and chemicals that
are in use. Basic to the numerator is a
clearly established definition of injury that
may be very broad or may focus on specif-
ic types and severity of injuries, sources
and locations of injuries that occur to the
entire population or, perhaps, to certain
subpopulations, and whether the injuries
are intentional or unintentional.”

Surveillance of Injuries in Agricufture, May 1, 1991

These elements are all integral to an injury
definition. Utilization of an active versus
passive system of reporting will enhance
the likelihood of identifying complete nu-
merator data.®* Of further importance is
consideration of the specific time period
for which the data are to be collected, the
relevant data analysis to be conducted, and
dissemination and utilization of the
results.*#

Based on recommendations published from
a National Academy of Sciences Commit-
tee,*® there are essential data elements
for injury surveillance (Table I). These
include time of the event; place of occur-
rence; demographic characteristics of the
injured person; characteristics of the injury,
including the body part affected, type and
severity; the agent causing the event, as
well as the source and mechanism of the
event, and the circumstances surrounding
the injury event; medical care provided;

Table I. Essential Data Elements for Injury Surveillance.

INJURY CASE ELEMENTS
TIME OF EVENT
PLACE OF OCCURRENCE

DEMOGRAPHIC CHARACTERISTICS OF THE INJURED PERSON (e.g., age, gender,

education, sociceconomic status, occupation)

¢ CHARACTERISTIC OF THE INJURY (including body location affected, type of injury, severity)

*" AGENT CAUSING THE EVENT (e.g., mechanical, chemical, electrical energy)

¢° SOURCE OF THE EVENT (e.g., machinery, tractor, gun, animal)

" MECHANISM OF THE EVENT (e.g., fall, struck by/against)

o' CIRCUMSTANCES SURROQUNDING THE INJURY EVENT (actively involved, equipment failure,
weather, surface, or other environmental conditions)

+ MEDICAL/HEALTH CARE PROVIDED TO THE INJURED PERSON

¢ HEALTH OUTCOME OF THE EVENT (e.g., complete recovery, persistent disability involving limitation

of activities)

* Necessary to facilitate International Classification of Diseases (ICD) External Cause Coding (E-coding).

Adapted from Ing, 1985; Committec on Trauma Rescarch, Commission on Life Sciences, Natural Research Council and

the National Institute of Medicine, 1985.
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and overall health outcome. Inclusion of
appropriately coded severity levels is par-
ticularly important in determining the
overal! magnitude. **

A major barrier to progress in the
prevention of agricultural injuries has not
only been a lack of knowledge about the
magnitude of the problem but also a lack
of knowledge about specific causes or risk
factors due to the lack of analytical
studies.

Identification of the agent, source and
mechanism of the injury event, together
with the circumstances surrounding the
event, is crucial to External Cause Coding,
or E-coding, using the International Classi-
fication of Diseases (ICD) codes and
modifications specific to agricultural inju-
ries.”* The use of E-codes provides the
critical link between the source and the
nature of an injury, which enables targeting
for more comprehensive analytic studies to
identify specific risk factors and, subse-
quently, to develop relevant prevention
and control programs; it also facilitates
comparisons across data sets. The fact
that intervention at the source of the injury
event has been the most successful in the
prevention and control of injuries high-
lights this element as integral.®

The items that have been identified pro-
vide only the very basic elements of a
surveillance system. More comprehensive
systems can be implemented with the rec-
ognition that as more items are included,
the system becomes more expensive and it
is more difficult to ensure consistency and
quality of the data.”
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SURVEILLANCE OF AGRICULTURALLY
RELATED INJURIES

Advantages and Limitations of
Surveillance Efforts

A variety of efforts in the surveillance of
agriculturally related injuries have been
undertaken to ascertain the magnitude of
the problem, with varying degrees of suc-
cess. The data sources for these efforts
are presented in Table II (at the end of
this paper), with elaboration on the ad-
vantages and limitations of each of these
sources. For example, death certificates,
which are utilized in agricultural fatality
surveillance, are easily accessible. Yet
there are many limitations, including the
persistent lack of attention by those who
complete these certificates to indicating
that the event occurred at work. As a
single source for surveillance, fatalities
account for an extremely small proportion
of the total problem.”

The Occupational Safety and Health Ad-
ministration (OSHA) is extremely limited
as a data source, given that about 95 per-
cent of farms are not covered by this sys-
tem; Federal appropriations do not enable
enforcement of OSHA regulations among
farms employing ten people or less. For a
variety of reasons, there has also been
underreporting of both morbidity and mor-
tality data through the BLS.! Workers'’
Compensation data also are limited by
virtue of a small proportion of farmers
covered by this system.

Another very large national system, the
Fatal Accident Reporting System (FARS),
which is operated by the National Highway
Traffic Safety Administration (NHTSA),
enables identification of non-truck farm
vehicle fatalities that occur on roadways.”
However, it is not possible to identify the
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specific type of vehicles involved through
this system.

Newspaper clipping services have been
used by several investigators** in various
efforts and, while this source has serious
limitations, it can facilitate recognition of
emerging as well as persistent injury
problems. To a limited degree, it can also
detect fatal events that are not readily
accessed through death certificate data.

While hospital records may enable iden-
tification of specific diagnoses and treat-
ments, there are also many limitations in
using these records for surveillance. These
include the problem of confidentiality, as
well as inadequate information on the cir-
cumstances surrounding the event and the
long-term consequences, together with a
bias toward the more severe injuries.” Of
particular importance is the fact that only
a small proportion of injuries related to
farm operations result in hospitalizations
and, with extremely rare exceptions, the
hospital record sources are not population-
based®.

The records from emergency departments,
outpatient facilities, and from primary care
practitioners have even greater limitations,
including accessibility, unless they are
linked into a major data base. Operation
of such data bases is extremely difficult
and, consequently, very rare. The
denominator is a major problem for these
data sources, as well. While there are a
few success stories, linking multiple data
sources is extremely complex and not
recommended.”

Data from a combination of some of the
above sources have also been used with
varying success.”** In Minnesota, a
feasibility effort in establishing injury sur-
veillance was initiated to link multiple
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existing data sets, ranging from hospital-
based data to agency-based data, including
highway crash events.” Many limitations
were identified. These included:

1. Issues of confidentiality, which
prevented access to personal identifiers
in some cases, preventing detection of
duplication of cases.

2. Quality and quantity of data elements,
affected by varying injury definitions,
data elements included, methodologies
and a combination of active and passive
reporting.

3. The inability to calculate rates other
than for mortality, which accounted for
only 0.3 percent of the total injury
problem.

Finally, there is the potential for ongoing
surveillance using in-person and telephone-
based interviews or mailed questionnaires,
each with advantages and limitations. In
general, the quality of data do not vary
greatly between in-person and telephone
interviews, given the same interview con-
tent.® However, the in-person interview is
much more expensive. While mailed ques-
tionnaires can provide ease of contact, the
quantity and quality of information and the
potential for lower response rates can be a
problem.

POPULATION-BASED SURVEILLANCE
OF AGRICULTURAL INJURIES IN THE
UPPER MIDWEST

Olmsted Agricultural Trauma Study
(OATS): Given the limitations that have
been identified and that there has been no
comprehensive data system to identify the
true magnitude of the injury problem in
the agricultural community or the variables
that might be associated with this problem,
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a major project was undertaken in Minne-
sota in 1986 by a multidisciplinary team of
investigators. The purpose of this
population-based effort, known as the
OATS,"” was to determine the magnitude
of the injury problem, using a methodology
that could serve as the basis for long-term
surveillance efforts at the state, regional,
and national levels.

OATS, which served as the basis for the
current regional five-state effort, was
implemented in Olmsted County, Min-
nesota due to the ability to validate
telephone interview-based injury data using
the Mayo Clinic’s comprehensive Roches-
ter Epidemiology Project.** This interna-
tionally recognized unique data base con-
tains health care records for virtually all
residents in the county.

Definition of Terms

Two basic issues our research team dealt
with, initially, were the elusive definition of
a farm and the definition of an injury. The
definition of a farm was based on the
USDA’s Master Sampling Frame; their
definition is "an operation with annual
sales of $1,000 or more of agricultural
products.”

An injury event was defined as one, which
restricted normal activities for at least four
hours, involved a loss of consciousness, loss
of awareness, or amnesia for any length of
time, or required professional health care,
or any combination of these three.

This included both farming and non-farm-
ing activity-related injuries classified either
as intentional or unintentional. The injury
definition was based on experience in
previous research endeavors and is com-
patible with definitions used by the
NCHS.®
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Data Sources

The sources of data included both tele-
phone interviews and medical record re-
view. Demographic and exposure data
were collected from both male and female
heads of household by trained telephone
interviewers, using specially designed, pre-
tested data collection instruments. The
female head of household was the pre-
ferred respondent for demographic infor-
mation on the family and whether or not
any family members, workers, or visitors
had been injured during the designated
one-year time frame.

The male head of household was the pre-
ferred respondent for the farming opera-
tion exposure information. Injured persons
were interviewed, directly, to obtain infor-
mation concerning the injury events, with
the exception of children under the age of
18, in which case the female head of
household was asked to respond pertaining
to their injuries.

The injury data collected included type,
severity, source, mechanism, and contribut-
ing factors. Injury events reported through
the telephone interviews were validated by
review of the health care records in the
Mayo Clinic medical records linkage sys-
tem.**®

Selected Results and Discussion

Among the total eligible farms in the cou-
nty (n=_892), there was an overall partici-
pation rate of 82 percent, with 75 percent
completing all components of the inter-
view. The distribution of the farm house-
hold members by age and gender revealed
nearly identical mean ages for males and
females (34.7 and 34.6, respectively).

Examples of the exposure data that were
collected included the types of farming
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operations, which enabled calculation of
specific injury rates. For example, the
rates for farming and non-farming activity-
related injury events per 100 farms per
year were 16.0 and 21.6, respectively.
Similarly, the injury event rates per 100
farm residents for farming and non-far-
ming related activities were 4.6 and 6.2,
respectively.

The fact that non-farming injury rates
exceeded the farming-related rates is of
particular interest. Consideration of the
total injury picture is essential to address
the overall impact of injuries on the farm-
ing operation and potential intervention
strategies that might ultimately be imple-
mented.

The age- and gender-specific rates provid-
ed further information. It is important to
note that the conclusions drawn from any
such data can vary with the use of different
denominators. For non-farmwork related
injuries, among males (whose overall rate
was 6.3 injury events/100 persons), those
less than 14 years of age (8.8/100) and 14-
24 years of age (11.9/100) had the highest
rates; among females (whose overall rate
was 5.1 injury events/100 persons), the
highest rates occurred in those age groups
less than 14 years (5.2/100), 14-24 years
(7.0/100), and 25-44 years (5.6/ 10(_?)’.

In contrast, when considering the
farmwork-related injury events per 100
farm residents, the older age groups
emerged as being primarily involved.
Among males (whose overall rate was
6.5/100), the highest rates were shown in
the 25-44 (12.3/100) and 45-64 (7.6/100)
year age groups; among females (whose
overall rate was 1.5/100), the highest rate
was in the 45-64 year age group (2.6/100).
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In order to target groups for potential
intervention efforts, it is also critical to
consider the total exposure time with re-
gard to farming-related injuries. Given
this information, a very different pattern
was demonstrated, whereby the children
and younger adults were shown to be at
greatest risk.

Among the males, the highest injury rate
per 100,000 hours worked per year was in
the age group involving those less than 14
years of age (8.3); the next highest rate
was among those 25-44 years of age (4.7).
Among females, the highest rate was found
in the 15-24 year age group (6.0), followed
by the 45-64 year age group (2.8).

To identify potential risk factors, the sourc-
es of the injury events were documented
for both the farming and non-farming
related injuries. The primary sources of
the farming operation-related injuries were
machinery (23 percent), animals (18 per-
cent), general farm sources (16 percent),
and tractors (12 percent), while sports and
recreational sources (38 percent), vehicles
other than farm machinery (12 percent),
and home activity sources (12 percent)
were primarily involved in the non-farming
related injury events. These data, together
with other comprehensive data that have
been collected, provide a basis for identify-
ing potential risk factors that might be
investigated through specifically designed
analytic efforts and serve as a springboard
for development of prevention and control
strategies.

Descriptive information pertinent to the
injury can also be generated from this type
of effort. The three major types of
farmwork-related injuries were sprains and
strains (27 percent), contusions (17 per-
cent), and fractures (14 percent). Similar
types of non-farmwork related injuries
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were also identified: sprains and strains (28
percent), lacerations (18 percent), and
fractures (17 percent).

Of particular relevance are the proportions
of injury cases that required hospital-
ization—8 percent of the farmwork-related
injuries and 10 percent of the non-
farmwork related injuries. As indicated
previously, this finding has implications
pertinent to the limitations imposed when
only hospital-based surveillance is used.

Consideration of restricted activity must
also be taken into account when assessing
the total impact on the farming operation.
The fact that a large proportion of injured
individuals were actually restricted for a
week or more as a result of either a farm-
ing-related injury (21 percent) or a non-
farming related injury (24 percent) is very
important when looking at the overall
impact. Moreover, a large proportion,
when interviewed, still had some type of
persistent problem, including some perma-
nent disabilities (farming and non-farming
related injuries, 27 percent and 25 percent,
respectively).

These findings constitute only a very small
proportion of the total analyses, but give
an indication of the possibility of identify-
ing the extent of the problem in a compre-
hensive manner. OATS data were also
used as a basis for conducting sub-studies,
including analytic efforts, to further ad-
dress the agricultural injury problem.
These efforts included a case control study
to identify human and environmental risk
factors for farming-related injuries.®

In addition, a pilot on-site investigation of
machinery-related injury events was con-
ducted by a team of engineers and epidem-
iologists to identify factors for consider-
ation in subsequent engineering studies.*
A sub-study of inter- and intra-rater
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reliability in the assignment of ICD E-

codes provided a further contribution to
the use of this system for classifying far-
ming and non-farming-related injuries.*

Regional Rural Injury Study

The research design that was evaluated in
OATS served as a basis for the current
Regional Rural Injury Study (RRIS),*
involving Minnesota, Wisconsin, North
Dakota, South Dakota, and Nebraska.
This new project has been designed to
serve as a national model for conducting
surveillance in agricultural populations. In
addition to its value as a comprehensive
surveillance system, the five-state RRIS
also provides a basis for specific analytic
studies, as well as the potential for ongoing
surveillance that can facilitate evaluation
of specific intervention efforts.

In the RRIS, data were collected from
4,201 households, identified through a
stratified random sampling process, using
the USDA Master Sampling Frame.

These data were collected in two phases to
cover a 12 month period (January 01-June
30, and July 01—December 31, 1990) To
accomplish this, the data collection instru-
ments designed for OATS were converted
to a computer-assisted telephone interview
(CATI) system, which facilitates the inter-
viewing and the data management and
analyses.

The interviewing has been completed and
initial analyses have been implemented.
The final analyses will include age- and
gender-specific rates for farmwork and
non-farmwork related injuries in the region
and for each state. Rates adjusted accord-
ing to hours worked on the farm will also
be calculated.

Analyses, including types of injuries, body
parts affected, and relevant sources and
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mechanisms, are integral to this effort.
Other more comprehensive and analytical
analyses will be conducted on a variety of
substudies, including case-control studies
focused on animal-human injuries and
tractor rollovers.

This effort will also result in a workshop in
July 1992, at which time the regional par-
ticipants as well as other experts and the
investigators involved will meet to develop
state action plans for the prevention of
agricultural injuries. Data generated from
the RRIS will be used as the basis for
development of prevention and control
strategies in the five-state region that may
also be applied at the national level.

Surveillance of Injuries in Agriculture, May 1, 191

SUMMARY

This presentation has provided a back-
ground on the surveillance of injuries and
specifically with regard to agricultural
injuries. The need for ongoing, systematic
data collection, not only to identify the
magnitude of the problem but also to
provide a basis for analytic studies, is clear.

Identification of specific risk factors will
facilitate more appropriate planning and
implementation of strategies. Finally,
application of surveillance to monitor the
effects of prevention and control programs
that have been implemented will enable
evaluation of their efficacy and identify
necessary modifications to ensure optimal
reduction of agricultural injuries.0

TABLE ll. Data Sources Utilized in Agricultural Injury Surveillance:
Advantages and Limitations

DATA SOURCES AGENCIES/ ADVANTAGES LIMITATIONS
AUTHORS
Occupational » Bureau of Labor * Approximately 95% of all
Safety and Health  Statistics farms are not covered
Administration under OSHA, i.e, those
with 10 or less employees.
Workers’ Compen- o Limited proportion of
sation farms included.
Fatal Accident ¢ National High- ¢ Detects roadway farm » Off-roadway vehicle
Reporting way Traffic Safety vehicle-related fatalities. events not included.
System (FARS) Administration * No identification of
s Gerberich, specific type of vehicle.
Robertson, Gibson
et al, 19917

Surgeon General's Conference on Agricultural Safety and Health - 1991
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DATA SOURCES AGENCIES/ ADVANTAGES LIMITATIONS
AUTHORS
Death Certificates o Welschetal,, » Easily accessible. e Fatality rate less that
1989 » Includes intentiona! and 1/100 of 1% assuming no
* Gunderson, et unintentional events. more than one farmer per
al,, 1990° farm.
¢ Extremely difficuit to
assess accurate
count—occupation. fre-
quently misclassified.
s |nformation Inadequate
on death certificate relevant
to primary/secondary
causes of death.
* "at work® box infrequently
checked.
* Source/mechanism of
injury information limited
and/or missing.
« Nationa! Institute e Excludes individuals
for Occupational under 16 years of age.
Safety and Health— « All limitations, identified
National Traumatic above, apply.
Ceope
atalities F).
Myers, 1990%
Newspaper Clip- * Weisch et al., » May facilitate recognition of e Identifies agricultural-
ping Services- 1989" emerging as well as persistent related fatalities and
National/State e Gunderson et al., injury problems. catastrophic Injuries.
Newspaper Clip- 1990° ¢ Authors included death ¢ 50% of fatalities may be
ping Services certificates for verification. missed as well as a large
eDetects fatal events not proportion of non-fatal
readily accessed through injuries.
death certificate data » Reporting is biased ac-
cording 10 gender/other
variables.
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DATA SOURCES AGENCIES/ ADVANTAGES LIMITATIONS
AUTHORS
Hospital Records ¢ Gerberich et al.,, e Identification of specific » Confidentiality makes
1989, 1990, 1991  diagnosis and treatment. records difficult to access.
(Used to validate » Bias—only most severe
telephone inter- injury cases included.
vigw)'* 1® « Inadequate data on cir-

e Fuortes et al.,

Hospital Records—
1990%

All hospitals {n=25)
in 15 county sample

Emergency Room » McKnight, 1984
Cases U.S. Con-

sumer Product

Safety Commission

(CPSC), National

Electronic Injury

Surveillance System

(NEISS)

Emergency Room
Cases Part of
project to develop
systems for con-
tinuous and periodic
injury surveillance

» Jansson, 1987%
¢ Jansson and
Svanstrom, 1989%

s Active system employed.

» Provides national estimates.

¢ May facilitate recognition of

emerging as well as persistent

problems.
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cumstances of event.

+ Non population-based.

¢ QOriented toward diag-
nosis, treatment and, pos-
sibly, rehabilitation.

» Long-term consequences
not identifiable.

» very few persons are
hospitalized; only 8% of all
farming-related injury
cases.

» Miss those who die
before reaching hospital or
are transferred elsewhere.
¢ Biased due to type of
insurance, if any.

» Selection of sample not
identified.

s Occupation-related in-
juries only.

s Procedures regarding
confidentiality not iden-
tified—cases were followed
up by investigators with no
apparent consent
procedures.

¢ No indication of par-
ticipation rate of either
hospitals or patients.

¢ Product-related injurles
only .

¢ Sample of emergency
rooms is not representative
of those In the United
States.

sldentification of manufac-
turer not released.

¢ Descriptive data on in-
jured cases only

» No exposure data col-
lected.
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DATA SOURCES AGENCIES/

AUTHORS

ADVANTAGES

LIMITATIONS

s Stueland et al.,

Emergency Room
1991

and Urgent Care
Cases

Outpatient
Facilities

Primary Care Prac-
titioners

in-Person Inter-
views

« National Safety
Counci

Telephone-Based e Gerberich et al.,
Interviews-Olmsted 1991%
Agricultural

Trauma Study

(OATS); Provided

basis for Regional

Rural Injury Study

adn Subsequent
Surveillance (valida-

tion with medical

records)
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= May facilitate recognition of

« Descriptive data on in-

emerging as well as persistent jured cases only

injury problems

¢ Potential to detect greater
range of severity.

o Potential to detect greater
range of severity.

» Contact reportedly every
three months—minimized
recall bias.

« Population-based, enabling.
s Utiized U.S. Department of
Agriculture’s (USDA) Master
Sampling Frame to identify all
farms in Olmsted County.

« Ensured qualification as an
operating farm during period
of study.

* Collected demographic and
farm exposure injury data on
all participating farms in the

county.

» Overall participation rate =
82%, full interview par-
ticipation = 75%.

* Provided a basis for the
following muitiple sub-studies,
including:

1) Case-Control Study of
Farmwork-Related Injuries.
2) E-Coding Study.

3) Follow-up site visit,
machinery-related studies.

« No exposure data col-
lected.

« Diagnosis may not be
ascertained initialty.

+ No denominator infor-
mation.

+ No denominator Infor-
mation {age/gender com-
position is overestimated,
Eylenbosch and Noah,
1988).2

e Typically a passive sys-
tem.

« Quality of classification
underestimated.

s Sample selection unclear
e Use of local volunteer
interviewers.

« Confidentiality of records
necessitates access
through USDA office
resources only.
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DATA SOURCES AGENCIES/ ADVANTAGES LIMITATIONS
AUTHORS
Telephone-Based » Gerberich et al., » Population-based, enabling ¢ Confidentiality of records

Interviews-Regional 1989-1992%
Rural Injury Study

(RRIS) Provides a

basis for naticnal

surveillance

Mailed Question- » Stallones, 1986*

naires

545 dairy farms in

Otsego County

Mailed Question- ¢ Fuortes et al.,
naires 1990%

identification of specific rates.
o Utilized USDA Master
Sampling Frame to select

necessitates access
through USDA office
resources only.

stratified random sample of
farms in five states.

¢ Ensured qualification as an
operating farm during period
of study.

* Collected demographic and
farm exposure injury data on
participating farms in five
states.

¢ Participation Rate-78%.

o Data are entered directed
into the Computer Assisted
Telephone Interview (CATI)
system, enabling efficient
monitoring, data management,
and analysis.

» Provides a basis for multiple
studies, including the fol-
lowing:

1) Case-control study of trac-
tor rollovers.

2) Case-control study of
animal related injuries.

e Ease of contact. * Response rate 45%

» Self-selected sample.

¢ Ease of contact. + Response rate 41%.

» Biased populations of
hospitalized individuals.
» |dentification of oc-
cupation relatedness and
event characteristics in
medical records are
nototiously poor.

¢ No control for days of
hospitalization.

¢ High potential for
misclassification.

Surgeon General's Conference on Agricultural Safety and Health - 1991

175



Surveilllance ~ Agriculture-Related Diseases, Injuries and Hazards
REFERENCES

1. Pollack, ES, Keimig, DG: Counting Injuries and Ilinesses in the Workplace: Proposals for a Better System.
Washington, D.C.: National Academy Press, 1987.

2. Eylenbosch, WJ and Noah, ND Editors: Surveillance in Health and Disease, Commission of the European
Communities, New York: Oxford University Press, 1988.

3. Webster's New Twentieth Centwry Dictionary, Second Edition, New York: Simon and Schuster, 1979.

4. Committee on Trauma Research, Commission on Life Sciences, National Research Council, and the
Institute of Medicine: Injury In America: A Continuing Public Health Problem, Washington, D.C.:
National Academy Press, 1985.

5. Gunderson, PD, Gerberich, 8G, Gibson, RW, Adlis, S, Carr, WP, Erdman, AG, Elkington, JM, French,
LR, Meclton, LJ IIT, and True, JA: Injury surveillance in agriculture, American Journal of Industrial
Medicine 18:169-178, 1990.

6. Panel on Occupational Injury Prevention, Draft Position Paper on Occupational Injury, June 3, 1991. -
Presented at the Third National Injury Control Conference, Denver, Colorado, April 1991.

7. National Safety Council: Accident Facts. Chicago: National Safety Council, 1990.

8. Bureau of Labor Statistics, United States Department of Labor: Occupational injuries and illnesses in the
United States by industry, 1989, Washington: Burcau of Labor Statistics 1990.

9. Bell, CA, Stout, NA, Bender, TR, Conroy, CS, Crouse, WE, Meyers, JR: Fatal occupational injuries in
the United States, 1980 through 1985. Journal of American Medical Association 263 (22): 3047-3054
1990,

10. Kraus, JF: Fatal and nonfatal injuries in occupational settings: A review, Annual Reviews of Public Health
6: 403418, 1985.

11. Rivara, FP: Fatal and nonfatal farm injuries to children and adolescents in the United States, Pediatrics.
76(4): 567-573, 1985.

12. Welsch, A, Gerberich, SG, Gunderson, PD: A unique approach to surveillance of severe and catastrophic
injuries: An agricultural case study, Proceedings: Public Health Conference on Records and Statistics,
National Center for Health Statistics, USDHHS, PHS, CDC, July 1989; pp. 474-480.

13. Stallones, L: Surveillance of fatal and non-fatal farm injuries in Kentucky. American Journal of Industrial
Medicine 18: 223-234, 1989.

14. Gunderson, PD, Gerberich, SG, Gibson, RW, Melton, LT III, French, LR, Renicr, CM, Erdman, AG,
True, JA, Carr, WP and Elhngton, JM: An analysis of variables potentially associated with trauma in the
agricultural community, Proceedings: First World Conference on Accident and Injury Prevention
Stockholm Sweden, Scptember 1989,

15. Gerberich, SG, Gibson, RW, Gunderson, PD, French, LR, Melton, LJ, IIT, Erdman, AG, Smith, P, True,
JA, Carr, WP, Elkington, JM, Renier, CM and Andreassen, LR: The Olmsted Agricultural Trauma Study
(OATS): A Population-Based Effort, Report to the Centers for Disease Control, 1991,

16. Layde, PM: Beyond surveillance: Methodologic considerations in analytic studies of agricultural injuries,
American Journal of Industrial Medicine 18: 193-200, 1990.

176 Papers and Proceedings



Surveillance of Injuries in Agriculture, May 1, 1991

17. Gerberich, SG, Gibson, RW, and Carr, WP: Minnesota Injury Prevention and Control Program I.
(Comprehensive review of the surveillance literature and documentation of all data sets pertinent to
injury in Minnesota; initial evaluation of suitability for surveillancc) Minneapolis: Report to the
Minnesota Department of Health, 1987,

18. Gerberich, SG, Gibson, RW, Gunderson, PD, Melton, W III, French, LR, Renier, CM, Erdman, AG,
True, JA, Carr, WP, and Elkington, JM: Validity of trauma reporting in the agricultural community,
Joumal of Occupational Accidents 12: 200, 1990.

19. Gerberich, 8G, Gibson, RW, San Juan, L, and Carr, WP: Minnesota Injury Prevention and Control
Program II. (Comprehensive feasibility analysis of Minnesota injury data sets for use in surveillance of
injuries), Minneapolis: Report to the Minnesota Department of Health, 1990.

20. Vogt, RT, Larue, D, Klaucke, DN, Jillson, DA: Comparison of an active and passive surveillance system
of primary care providers for hepatitis, measles, rubella, and salmonellosis in Vermont, American Joumnal
of Public Health, 73: T95-797, 1983.

21. Thacker, SB, Redmond, S, Rothenberg, RB, Spitz, SB, Choi, K, and White, MC: A controlled trial of
disease surveillance strategies, American Journal of Preventive Medicine 2(6): 345 350, 1986.

22. Thacker, SB and Berkelman, RL: Public health surveillance in the United States, Epidemniologic Reviews
10: 164-190, 1988,

23. Ing, RT: Surveillance in injury prevention, Public Health Reports 100(6): 586-588, 1985.

24. Robertson, LS: Injuries: Causes, Control, Strategies, and Public Policy, Lexington, Massachusetts:
Lexington Books, Incorporated, 1984.

25. National Injury Prevention and Control Committee {(NIFCC): Injury Prevention: Meeting the Challenge,
Armerican Joumnal of Preventive Medicine, Volume 5 (Number 3), New York: Oxford University Press,
1989.

26. French, LR, Carr, WP, Gerberich, SG, Gunderson, PD, Gibson, RW, Melton, LJ III, and Elkington, JM:
Reliability of "E"-coding farm-related injuries using the International Classification of Diseases, Ninth
Revision (ICD-9) and a modified version of ICD-9, American Journal of Epidemiology 130(4): 826,
October 1989.

27. Gerberich, SG, Robertson, LS, Gibson, RW, and Renier, CM: An epidemiological study of roadway
fatalities related to farm vehicles, In review, 1991.

28. Melius, JM, Sestito, JP, and Seligman, PJ: IX. Occupational disease surveillance with existing data
sources, in Baker, EL, Editor: Surveillance in Occupational Safety and Health, American Journal of Public
Health Supplement; 79:46-52, 1989.

29, Baker, EL, Editor: Surveillance in Occupational Safety and Health, American Journal of Public Health
Supplement; 79:1-63, 1989.

30. Marine, WM, Garrett, C, Keefer, SM, Vancil, R, Hoffman, McKenzie, L: Occupational Injury Deaths in
Colorado 1982-1987. Denver, Colorado: Colorado Department of Health, 1990.

31. Thomberry, OT: An cxperimental comparison of telephone and personal health interview surveys, Data
Evaluation and Methods Research, Series 2, Number 106, United States Department of Health and

Surgeon General's Conference on Agricultural Safety and Health - 1991 177



Survelllance - Agriculture-Related Diseases, Injuries and Hazards

Human Services (USDHHS) Publication Number Public Health Service (PHS) 87-1380, Hyattsville,
Maryland: USDHHS, PHS, National Center for Health Statistics, August 1987.

32. Gerberich, SG, Gibson, RW, Gunderson, PD, Meclton, LY ITI, French, LR, Renier, CM, Erdman, AG,
True, JA, Carr, WP, and Elkington, JM: Validity of trauma reporting in the agricultural community,
Proceedings: Occupational Accident Prevention Conference, Stockholm, Sweden, September 1989.

33. Elkington, JM: A Casc-Control Study of Farmwork Related Injuries in Olmsted County, Minnesota,
Doctoral Thesis, Minneapolis, Minnesota: University of Minnesota, December 1990.

34. Kolstad, OC, Erdman, AG, Elkington, JM, True, JA, Gerberich, $G, Gunderson, PD, Gibson, RW, Carr,
WP, and Renicr, CM: Hazard analysis of farm equipment, Proceedings: American Society of Agricultural
Engineers Annual Meeting Chicago: December 1990.

35. Gerberich, SG, Gibson, RW, Gunderson, PD, French, LR, Martin, FB, True, JA, Shutske, J, Carr, WP,
Renier, CM, and Stasch, BD: Regional Rural Injury Study, Funded Grant—Centers for Disease Control,
1989-1992.

36. Myers, JR: National surveillance of occupational fatalities in agriculture. .American Joumal of Industrial
Medicine 18:163-168, 1990.

37. Fuortes, LY, Merchant, JH, Van Lier, SF, Burmeister, LF and Muldoon, J: 1983 occupational injury
hospital admissions in Iowa: A comparison of the agricultural and nonagricultural sectors, American
Journal of Industrial Medicine, 18: 211-222, 1990,

38. McKnight, RH, Hetzel, GH: Annual trends in farm tractor and machinery deaths, 1975-1981, Paper
number 84-5507. St. Joseph, Missouri: American Society of Agricultural Engincers, 1984.

39. Jansson, B: The yield of systems for continuous and periodic injury surveillance in emergency care with
emphasis on farm-work-related accidents, Scandinavian Journal of Social Medicine 15: 247-252, 1987.

40. Jansson, B and Svanstrom, L: Evaluation of a system for injury surveillance in Swedish emergency care,
Scandinavian Journal of Social Medicine 17; 7-11,1989.

41. Stueland, D, Lee, B, and Layde, PM: Surveillance of agricultural injuries in Central Wisconsin:
Epidemiologic Characteristics, Journal of Rural Health 7(1): 63-71, 1991.

42. Stallones, L: Reported frequency of dairy farm associated health hazards, Otsego County, New York,
1982-1983, American Journal of Preventive Medicine, 2: 198-191, 1986.

Reprints: Susan Goodwin Gerberich, Ph.D., Division of Environmental and Occupational
Health, School of Public Health, University of Minnesota, Box 807-UMHC-420 Delaware
Street S.E., Minneapolis, Minnesota 55455, Telephone: 612-625-5934, Fax: 612-626-0650.

178 Papers and Proceedings



	PROPOSALS FOR A NATIONAL AGENDA
	1. SURVEILLANCE - AGRICULTURE-RELATED DISEASES, INJURIES, AND HAZARDS - Part 1


