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the many other exemptions caused because
agriculture is a protected class.

STUDIES IN OHIO

Some of the studies that we are doing in
Ohio, I will briefly present to you. We
have a project now with a special agricul-
tural population, the Amish.

Buggy Safety

If you were to view Ohio highway safety
statistics, you would find there are three
classes of agricultural highway accidents.
One is tractors, the second one is farm
machinery, and the third one is buggy
accidents. Are buggy accidents part of the
agricultural problem?

The answer is probably, because the Amish
really only use buggies for two things:

1. To do some activity concerning the
farm.

2. To go to church.

So buggies can be a potential agricultural
problem. We are embarking now on an
effort to work with Amish youth in their
schools on safe buggy operation.

Highway Safety

We are conducting a second project in
cooperation with our Highway Safety Of-
fice. In the fall, we will be conducting a
survey of 1,200 farms in an effort to get
the farmers’ perceptions of the hazards of
operating agricultural equipment on the
state and county highways in Ohio:

1. What type of equipment is actually
being operated on the roadways?
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2. What are the conditions under which
farm machinery is moved on the road-
ways?

3. What are the major problems with op-
erating farm equipment on roadways?

4. What is the road worthiness of farm
equipment?

RECOMMENDATIONS

Although there are many that could be
made, the following are some recommen-
dations for research and action,

1. We need to continue efforts in research
on human sensors and automatic shut-offs,
If a person is too close to the tractor in a
given situation, it should not start or con-
tinue to operate.

2. Research on roll-over protection on
older tractors should continue.

3. There should be aggressive inclusion of
safety in all of ASAE and other standards,

4. There should be research conducted on
the lighting and marking of agricultural
equipment.

5. There should be some consideration for
a uniform motor vehicle code on farm
tractors and machinery used on the high-
ways, including set definitions of types of
agricultural equipment. This would pro-
vide a model for states to consider in fu-
ture legislation.

6. There should be continued studies on

agricultural safety educational techniques
that work.O
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QUESTIONS

John Hahn: I am with the Iowa Division of Labor. Regarding the ROPS, the rollover protection on the
tractors, I have heard no mention about the need to use a seat belt or a safety harness to keep from being
thrown out of the tractor on to the ground where you can be crushed by the crush-proof cage as it rolls over.

Dr. Thomas Bean: Definitely that is a problem. We—I say we-a lot of us know that that is a problem. I can
go to any farming group, and I ask how many have rollover protective structures—either cabs or poles—and
get a good many hands. Then I ask the next question, "How many use their seat belt?" You will probably
find zero or very few. We realize that it needs to be addressed as a behavioral problem. Farmers tell me
the reason is because they get off and on their tractor so many times. Something has to be designed or
implemented or there has to be education about what is acceptable to that group as far as belting them in on
the tractor. Often I try to use the example of highway safety and ask them, "Do you use it when you ride on
the highway, at least?" Still the answer is very, very low.

John Hahn: With seat belts on things like tractors—I once looked into seat belts on forklifts, and there is a
big controversy on forklifts, and there is something that they call the fly swatter effect. That is, when you fall
off an elevation on a forklift, is it better to be fastened in there so that when you hit, your head goes bump,
bump, bump against the pavement, or is it better to be unrestrained? There probably is some of that in
agriculture also.

(inaudible): I am back. One thing on your comment on the forklift. Generally, other construction
equipment works with a seat belt. What some companies have done to keep the guy’s head from being
pounded into the ground is just to take metal screening or expanded metal and put it on the side and that
way he can just cut his head up once against the screening when he goes.

John Hahn: I was talking about forklifts. I just might add, I know that there are a lot of problems on the
issue of seat belts, when you put a screen or that type of thing on. I know it is more of an issue in logging
than it is, maybe, in farming, but the idea is that once you put that screen in, you have now taken that
person, and if he has the seat belt on, he can become a human pincushion. The point I was trying to make
is, this whole issue of seat belts is a very tough one because, depending on what industry you are working in,
there were a lot of complaints when NIOSH talked to OSHA and recommended seat belts on skidders in
logging. The main complaint we had was you had screening devices on those skidders to provide something
like a cage for that person while he is in the skidder. When it rolls or rolls over or while he is moving
through the woods, if sticks, and that kind of thing comes in through that mesh, he cannot get out of the way
if he has his seat belt on. I have not heard that complaint yet from farmers, but at the same time, these are
the types of issues that you have to learn to resolve when you start talking about the use of seat belts on this
type of equipment. There are other factors that we have to be aware of and we cannot make just a blanket
statement that seat belts are the best until we start getting some good information and look at some of the
other types of alternatives, such as possibly a seat bar. We are not sure what is going to work.

(ina}ldible): I just have a comment on the seat bar versus seat belts. In Canada, log skidders are being
equipped with seat bars, and it looks like they are getting very popular.
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MUSCULOSKELETAL HAZARDS

By David Cochran, Ph.D.
Industrial Engineer, U.S. Occupational Safety and Health Administration

Good afternoon. I feel a little out of wa-
ter in that my specialty is not in agricul-
ture. I have been asked to talk about
ergonomics, musculoskeletal disorders, and
agriculture.

As I started thinking about the agricultural
environment, I realized that I see it as a
hostile environment. It is about as hostile
an environment as we have in this country.
We have chemical and dust hazards, ma-
chines that can take your bodily parts
rather easily, slips and falls, amputations,
death, noise, and temperature hazards,
including cold stress and heat stress. We
also have whole body and segmental or
limb vibration, explosions, and infectious
diseases. Lastly, on my list, we have
musculoskeletal hazards.

Quite honestly, I think most of you and
most people in agriculture do not consider
musculoskeletal disorders or musculoskele-
tal hazards very much. If you do, you
think of back injuries. Back injuries prob-
ably are far and away the biggest problem
that my discipline, which is ergonomics,
deals with.

There are, however, camulative trauma
disorders of other sorts. I consider back
injuries cumulative trauma. In many cases
it is a one-instance injury, but in most
cases we strongly believe that they are
cumulative. The more times you lift exces-
sive weight, the more times you stress your
back or strain it, the more likely it is that
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you will have a back injury. It is a cumula-
tive problem.

In addition, we have problems of the up-
per extremities. I am going to go into that
in a minute. I thought, that problem is
probably not present in agriculture.

I was talking to a friend of mine, Barbara
Silverstein, who was with the University of
Michigan and is now in the state of Wash-
ington. She was telling me that the top oc-
cupational category suffering from tendini-
tis in the state of Washington is
farmworkers. They do not have the foggi-
est idea why or where it is occurring.

Ergonomics and cumulative trauma do
exist in agriculture, and probably a lot
more than we realize.

CUMULATIVE TRAUMA DISORDERS

Now, being a professor I have to educate a
bit, just in case you do not know some of
the things that I think are important. I am
going to talk about some of the cumulative
trauma disorders. These can be of the
upper extremity or the lower extremity—not
necessarily concentrating on the back.

Tendon-related Disorders

First, tendon-related disorders usually
occur by overuse of, or stretching of, or
excessive forces exerted by these tendons.
The most common is tendinitis, inflamma-
tion of the tendon tissues. Another very
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common illness is tenosynovitis, separate
or concomitant inflammation of the tendon
and its sheath.

I normally think of it as the sheath. I do
not know how good your anatomy is, but
we have tendons. Tendons really are ca-
bles in the body. Around those, in strate-
gic locations, we have soft tissue that pro-
tects the tendons, called sheaths. They are
a lubricated tissue. As the tendon slides
around a corner or moves past bones, it is
protected by the tendon sheath.

When the sheath becomes inflamed, it is
normally called synovitis. Sometimes when
the tendon is involved it is tenosynovitis.
This is common in normal manufacturing
operations. It probably is common in
farming or in agriculture, but we do not
have much data.

Carpal Tunnel Syndrome

Second, carpal tunnel syndrome gets all
the press. It is a problem in the wrist.
One of the nice things about this one is
that all the reporters are suffering from
this. Since they are suffering from it, they
write about it. There is nothing like hav-
ing an interest in your own preservation.

Carpal tunnel syndrome is indicated by a
numbness or tingling on the palm side of
the first two fingers, part of the third fin-
ger, and the thumb. It is the damage to
the median nerve that goes through the
carpal tunnel.

The carpal tunnel is in the wrist. It is
bordered on three sides by bones and on
the fourth side by a strong ligament. None
of these give very much. So when you use
your tendons a lot, you get tendinitis or

tenosynovitis. When you do that, things
swell.
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When they swell in a confined space, they
compress on each other. You get a circu-
lar problem in that the more they swell,
the more they are damaged, the more they
want to swell, the more they are damaged,
and it keeps going around and around. It
gets worse and worse.

The best thing to do is quit doing whatever
you were doing that made it happen. It is
like the dentist I went to one day. I said,
"You know, my teeth hurt when I do like
this," and he said, "Well, do not do that."

It is the same way with carpal tunnel syn-
drome and all of these things.

If you back off and do not do whatever is
causing it as much, frequently it goes away,
and you do not have to end up in very
expensive surgery. You do not have to
end up disabled.

Raynaud’s Syndrome

Third, Raynaud’s syndrome, or occupation-
al white finger, is a shut-down of the circu-
latory system. It is caused by exposure to
vibration in the hands. I am not familiar
with this disorder in the feet, but it might
happen there. So segmental vibration or
arm and hand vibration can bring this on.

I have not driven many tractors, but the
ones I have driven vibrate. Old tractors
are the only ones I have ever driven, be-
cause I do that kind of work you are talk-
ing about. Ihave a farm. Iama city boy,
but I bought a farm. I have an old Ford
tractor, and it does vibrate. There is a lot
of vibration out there.

There is also non-occupationally caused
Raynaud’s syndrome. Some people get it
without being exposed to vibration; mostly
it is women who acquire it this way.
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Let me go back—there are just a few of the
agriculture-related cumulative trauma
disorders. There are twenty-some repeti-
tive motion related disorders of the upper
extremities. There is rotator cuff, pronator
teres syndrome, cubital tunnel syndrome,
and epicondylitis. These are just examples.
Do not get the idea that there are just a
few of these disorders.

What do you do about cumulative trauma?
First, I am getting the cart before the
horse, but you have got to work on what is
causing it, and so you work on the tools
and the work station. Normally I deal with
a fixed work station, and in agriculture that
is not necessarily true. So the problem is
more difficult to deal with.

We work on the methods: how people do
their job, how they do the tasks. I put
training and monitoring in there. It is hard
to deal with changing behavior; because I
do not have a lot of faith in training if it is
easier to do something one way than the
other.

I do not think we have a problem with
work pace in agriculture, certainly not in
the farming part of agriculture, maybe in
other places. I am going to skip idle time;
that is production-line-oriented.

RISK FACTORS

There are six risk factors that we look for
in cumulative trauma.

Repetition

First is repetition, high repetition. If you
are doing something highly repetitive over
and over again, it tends to cause these
problems. Repetition is rampant in things
like processing of fish, meat packing, and
luggage making.
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Is high repetition present in farming? I do
not know. I do not think anybody knows.
My guess is that repetition is not where the
major problem is.

At the other side of the curve, statically
maintaining muscles causes problems.
Statically loading muscles causes them to
be exerted. They build up metabolic
by-products. A lot of the time the circula-
tion is cut off so that nutrients are brought
into the muscles and the by-products are
not carried off and you get rapid fatigue.
Very static operations are a problem and
very dynamic or repetitive operations are a
problem.

High Force

The next factor, high force, is probably
present in spades in agriculture, especially
in maintenance-type things. Farmers and
agricultural workers are notorious for ig-
noring good sense and picking up things
they should not pick up. They exert high
forces.

Things that require pinch grasp go along
with that. Anytime you start using the tips
of your fingers to exert force, you are not
mechanically effective. It puts the body at
a bigger disadvantage than normal.

So we have pinch grasp, we have static
grasp, and what I call a press grasp, any-
time you are pressing with hands. In in-
dustry when you are boxing things or when
you are folding boxes or you are pressing
down on tape, you start getting incidences
of carpal tunnel syndrome. Those motions
tend to be highly repetitive and with a
press at the end of them.

Gloves cause problems. Gloves cause

people to overexert for two reasons: they
interfere with the grasp, and they interfere
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with the feedback, so people tend to over-
grasp. Gloves are worn a lot in agricultur-
al work.

Posture

First, let us talk about shoulder posture.
Anytime you are reaching down and be-
hind or you are putting your elbow up in
the air, you are doing something that a
meatpacking company I have dealt with
calls winging of the elbows. When they
look at any kind of a task, they look for
that. That causes problems with the ten-
dons and the nerves.

Repeated inward and outward rotations,
especially when you are going from the
maximum of one to the other, is called
pronation and supination. Inward and
outward. Think about rotating the fore-
arm. If you do that frequently, it causes
problems such as cumulative trauma
disorders.

When tasks are highly repetitive or are
highly forceful and involve bending the
wrist, they cause the tendons to wrap
around a corner. They are pressing
against those soft tissues that are supposed
to lubricate their movement. Sometimes
they press against the median nerve and
do damage. We want to keep the wrist in
a neutral posture as much as possible.

Mechanical Stress Concentrations
Anywhere on the Skin

If you have somebody who has to maintain
a pressure on the hand or anywhere else, it
is a problem. Resting their arms on sharp

edges or lack of a good armrest can cause

nerve damage. It can cause circulatory or

circulation damage.
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If they use their hand as a hammer, like
banging hubcaps on, banging things loose
with the palm of their hand or the base of
their hand, this causes nerve and circula-
tion damage. Mechanical stress concentra-
}ions anywhere on the skin can cause prob-
ems.

A lot of the tools we use—pliers, screwdriv-
ers, things like that—press right in the palm
of the hand where you have the tendons
and the nerves running, and they do dam-
age.

Vibration

There are probably people in this audience
who know a lot more about vibration than
I do. We have whole-body vibration, and
we have segmental vibration. Dealing with
each is different.

The frequencies that cause problems are
different. As far as I can tell in reading
the literature, there is no good number as
to what is excessive and what is not.
There are some guidelines.

NIOSH put out a publication on this with-
in the last year."! It is pretty good, but as
far as I could tell there is no magic num-
ber that says, "When you start exceeding
this number, you have got problems."

Cold

Now, when you throw in cold with any of
these other factors, it accentuates it.
When you throw in vibration with any of
these other factors, it accentuates it. If
you put cold in the environment and you
get cold hands or cold muscles and ten-
dons, it accentuates the problem. If you
are doing some of these things and your
body is vibrating, it accentuates the prob-
lem.
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If any of you are familiar with industrial
hygiene or familiar with chemical hazards,
you know that OSHA sets permissible
exposure limits (PEL’s). Those are based
on single-chemical exposures or
single-agent exposures.

She was telling me that the top
occupational category suffering from
tendinitis in the state of Washington is
farmworkers.

No one knows what the combined pres-
ence of toluene, gasoline, and carbon mon-
oxide does to you and at what concentra-
tions that combination is a problem.

The same thing in ergonomics occurs. We
have repetition here. We have force. We
have posture. We have mechanical stress-
es. We have cold and vibration. All of
these things combine in some way to cause
problems.

One of the main questions I get is, "How
many repetitions are too many reps? How
much force is too much force?" We do not
know because the problem is almost al-
ways in combination with something else.
You cannot isolate them. We know that
almost no force is required if the repeti-
tions are high enough, because we have
people that sign for the deaf that get car-
pal tunnel syndrome.

This is far and away the easiest to read
and best book on cumulative trauma of the
upper extremity.” It was originally put out
by NIOSH, and it is now available from
Taylor and Francis for about $23. There is
an 800 number. They are located in Phila-
delphia.
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WORK DESIGN

It seems to me in agriculture that we have
a problem of work design. We have the
task that people are doing. We have the
machinery and equipment they are using.
We have the products that they are pro-
ducing and the products that they are us-
ing. All of these combine to be potential
problems.

One of the things that I am interested in is
packaging. Things that people use on the
farm are packaged in anywhere from 5- to
100-pound quantities. I have seen people
picking up 50-pound containers or
100-pound containers and standing in pre-
carious situations and pouring them into
hoppers or whatever.

It is no surprise that we have back injuries.
It is no surprise that we have slips, trips,
and falls. In fact, if these were in regular
industry—if I were not working for OSHA
at the moment—I would say, "OSHA might
shut them down." It is hazardous.

RESEARCH NEEDS

I could not find data or anybody who knew
of any data out there relating to cumula-
tive trauma disorders, and there is not
much relating to back injuries in agricul-
ture, which I see as the number one re-
search need. We have a dearth of data.

My understanding is NIOSH is beginning
to act on this and that there are several
programs. I think there are about three
programs that may start to collect more
data. I will admit that I may be ignorant
of some of the data that has already been
collected.

1. From my point of view, we need to
determine the nature and the extent of the
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problem. We also need reporting. It is
my understanding that most farmers have
never heard of an OSHA-200 log.

2. We are going to need epidemiological
studies.

3. We are going to need studies on pack-
aging and how to repackage things.

4. We need studies of what are the high-
incidence tasks out there. Now some of
them you know, but I would venture to say
that if we ever arrive at cumulative data, if
it is out there, we will find some tasks we
do not know about now.

5. We also need to research what can be
done in machine and equipment design to
minimize cumulative trauma disorders, if

that is what is causing them.
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6. We need to figure out what the costs
and the benefits are.

7. Lastly, and not necessarily least impor-
tant, we have to come up with things that

are acceptable to the people doing the
work.

You know as well as I do that there is no
more independent group than farmers.
Maybe truck drivers challenge them, but
farmers are very independent. You put
guards on machinery, you do things that
are supposed to be for their benefit, and
they blow it off. We have to come up with
solutions that are acceptable to this com-
munity.O

Putz-Anderson, Vern; Cumulative Trauma Disorders: A Manual for Musculoskeletal Diseases of the Upper

Limbs. New York: Taylor & Francis, 1988.

QUESTIONS

Ronald Schuler: I am from the University of Wisconsin, Madison. Dr. Cochran, have you heard of milker’s

knee, and is that a cumulative disorder?

Dr. David Cochran: I have heard of it. I am not familiar with it. My guess is yes, but I do not know. Tom,

do you know?

Dr. Thomas Bean: It is very similar to miner’s knee. It is a bursitis, an inflammation of the bursa of the

ground.

joints, because of the constant bending, and the repetition, and the force as you are kneeling against the

Dr. Wesley F. Buchele: I am Wes Buchele from Iowa State University, retired. Dr. Cochran gave a list of
things you ought to conduct research on. I would like to add to that list, if I might, putting a screen over a
wagon to permit people from sinking in the grain when they happen to be on grain. I happen to be one that
thinks we should put extra seats on the tractor, with seat belts, because people are going to ride tractors and
are going to have more than one person on the tractor. Therefore, we ought to start taking care of the
problem as they do in Europe. I also think that we should think about putting floor boards on tractors to
eliminate people being run over by tractors, which they are from time to time—run over by either a front
wheel or a back wheel. We no longer put planters and cultivators in that area. I think we also ought to put
a seat bar like on a ferris wheel or on forklifts. They have taken care of the forklift problem by putting a
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seat bar on the skid steer loaders. We should have seat bars on tractors. We should also promote the use
of guards by retrofitting. I think that we need to retrofit roll bars on tractors, guards on power take-off
shafts, and guards on augers.

Mark Veazie: I am from the Johns Hopkins Injury Prevention Center. Dr. Cochran, have you done or are
you aware of any assessments that have been done on cumulative trauma risk with manual harvesting typical
of migrant and seasonal farm work?

Dr. David Cochran: I am not aware of any, but there may be.
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ELECTRICAL POWER

By Robert McLymore
Extension Safety Specialist, North Carolina State University

Dr. Glen Hetzel contributed a lot to this
presentation, as well as some of my other
colleagues. In the event that I did not call
you to get some background information,
do not feel bad. When they have the pan-
el presentation tomorrow, you can answer
some questions.

Electrical safety areas of concern are elec-
trical wire components, electrical wiring
systems, overcurrent protection, ground-
fault interrupters, and grounding. These
terms may not be important to you now.
Maybe as you think in terms of what you
do at your home, these terms can have
some significance.

ELECTRICAL WIRING SYSTEM

The reason why I am talking about electri-
cal wiring components is that we need to
know where power is coming in on an
operation.

We know that it is coming in several plac-

es—at the service entry riser and the meter.

You may have a meter on your home.
Think about it. There are meters on
farms.

Farming is not like that picture that you
saw—that poster—where you see them out
in the fields smiling, laughing, carrying on,
and having fun. It is much more. There is
power somewhere on that farm: overhead
power; there is underground power coming
to that farm. It all has to go through a
certain code.
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Figure 1. An Example of a Wiring Box.

For these components, you should only
have licensed electricians install that elec-
tric wiring, and it has to be inspected.
This may be what one of those wiring
boxes looks like (Figure 1).

You have never opened one up, have you?
You have never opened your fuse box up
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at home, have you? It does not look like
that. It has circuit breakers in it, has it
not? This assures that the wiring will meet
the requirements of the National Electric
Code (NEC), as well as local safety codes,
which may be in your home or in your
state.

There are requirements for agricultural
buildings in Article 547 of the NEC that
specifies the type of materials to use for
safety and protection is the environment in
which this wire is contained. Dusty or
damp conditions exist in agricultural build-
ings, which may create explosive atmo-
spheres or corrosive conditions for electri-
cal metal fixtures and equipment.

Did you ever think about that? These
things, in themselves, may be explosive.
That explosion may be in the form of a
fire. That is what those conditions may be.

Figure 2. The Atmosphere of a Chicken Barn.

How many of you know about poultry.
You ate it today at lunchtime. Was it
good? Those are dusty, damp, dirty condi-
tions—if you did not catch it in the last
slide, that is what dust looks like when it is
in suspension in the air (Figure 2).
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This is what dust looks like when it is
coming out of that vent that is adding air
into that house (Figure 3). It is collecting
particulate matter. Will that dust burn? Is
it truly just dirt, or is there partially dry
material in with that material?

OVERCURRENT PROTECTION

The next part is overcurrent protection.
There are specific types of overcurrent
devices. You have the plug, the cartridge
fuses, and the breakers.

Figure 3. Dust on an air vent from a Chicken Barn.

Fuses

This is what they look like (Figure 4).
There is the fuse (right, center in Figure
4). You have seen this type at home be-
fore, a screw-in fuses.

That is another type of cartridge fuse (also
in Figure 4). Some are delayed so that
when a surge of power goes through
them—too much electricity—they are de-
layed. They protect the conducting wire.

You are probably more familiar with
breakers in a box at home (Figure 5). The
fuses and breakers are installed to protect
the circuit, not the appliance.
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Figure 5. Examples of Breakers.

There are special fuses that are available
to protect the electrical equipment, and it
is important that we realize that
overcurrent devices are sized to carry no
more current than the circuit wire is rated
to carry. Is that important to you? Is it
important to that farmer?

Yes, it is important because he has some
expensive equipment that he is using, and
overcurrent protection is needed to protect
it. What about for his own personal life?
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Think about you and the overcurrent de-
vices that may be in your home.

You have wires like this that are made to
carry a specific amount of electricity. If
contact is made with a live part, will the
overcurrent device trip and protect human
life? No.

Well, I used to work at a funeral home, so
I have seen it, too. The human body will
receive a lethal shock if the current that
flows through the body is 0.01 amperes or
greater. A fuse or breaker will not provide
protection to the human body. The wire
protected by the proper size of the fuse or
breaker will not allow the temperature of
the wire to exceed safe operating condi-
tions and cause what we have on some
farms—explosions in bins and fires where
material may be stored, like hay or dry
feed.

GROUND-FAULT INTERRUPTER

The ground-fault circuit interrupter
(GFCI). Are you familiar with that term?
Do you know about it? You have seen it a
lot? You buy devices, appliances, that
have GFCI’s on them. It is the most re-
cent device that is used and designed to
protect human life from shock.

It is designed to detect minute amounts of
current, 0.005 amperes or greater leakage,
from the circuit. It is supposed to trip the
circuit off.

The overcurrent power and the conven-
tional tripper turn the circuit off when
there is a current flow that is in excess of
the rated value of the breaker. The GFCI
may be a separate device or it may be
incorporated within a breaker. It is de-
signed to give protection from that lethal
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shock in a fraction of a second. It can be
used on any 120-volt circuit.

It is also required in places at home by
NEC. These places are in the kitchen, in
the bathroom, in the garage, and exterior
sockets on the house.

How many of you use extension cords
outside to, perhaps, vacuum the car? Has
the circuit ever tripped off for you when
you were outside? Be thankful that they
invented the GFCI. You would not be
here at this conference without its protec-
tion.

Think about farmers. Are they always in
dry locations when they are utilizing some
of their appliances, some of their tools,

like a skill saw or maybe a hand grinder?

There is one particular person who was
using his welder when it was raining. He
could not work outside, but he had some
welding work that he needed to do.

He did not want to use the welder inside
his shop because it was too small, too tight
of an area, and there would be too many
welding fumes. He laid down a piece of
sheet metal; he pulled out the piece of
equipment he was going to do some weld-
ing on, and he hooked it up to the welder.

The coroner tells us what happened to him
next. He was shocked and killed. It was
raining. There was the metal. There was
the electrical appliance, with the electrical
source coming in through the welder, and
the welder was not properly grounded.

There are three types of and locations for
these devices. We will find that these
GFCT scan be at a distribution box to
protect the entire circuit or they can be at
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a receptacle box. They can also be in an
extension cord.

GROUNDING

Do you see the third leg (Figure 6)?
These are designed to give you continuity,
to give you the grounding so that you do
have a proper ground in that extension
cord. That term "third-wire" ground and
bonding should be understood for safety.

Electrical bonding means to connect all
metal parts in the building together and
that this be connected to the system of the
ground.

The proper grounding of the system helps
prevent stray voltage, which is a term that
a lot of my colleagues know about. It is
not voltage that wanders around aimlessly
saying, "I am looking for a victim." It is
voltage in itself that is not going to a prop-
er ground. It provides a low resistance
path for the neutral current to go to the
ground.

That third-wire ground is the conductor in
the wiring system that extends from the
ground to the main distribution panel to
the electric device and looks similar to that
(shown in Figure 6). That is what is
plugged in for your hot side and cold side.
That is the ground that goes in. This is
what it looks like on the other side, on the
male side.

That is the female receptacle and the male
receptacle (Figure 7). That is why bonding
is so important—I talk about it twice be-
cause a lot of injuries and deaths could be
avoided if the electrical bonding process
was followed.

The last slides I have are getting more
back to the topic of what to do from an
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Figure 7. Male and Female Receptacles.

agricultural perspective, or even from just
regular people’s perspective.

GENERIC PROBLEMS

When you start thinking about your uses of
electricity, there are generic problems I see
that may arise on the farm.

Wire Damage

One is damaged wire resulting from crush-
Ing or cutting incidences where wire can be
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enclosed in a conduit material or exposed.
In Figure 8, you see wire that is encased -
either a metal case-like conduit or in the
hard rubber, plastic, or the other material
that you have that wire comes in.

When you are working around a
farmplace, you are using a lot of equip-
ment. Farmers are using equipment that
backs onto it.

Two-Prong Adapters

These are what I call pseudo-outlets (Fig-
ure 9). These are two-prong plugs. The
significance of these two-pronged plugs is
that there are two-prong adapters being
used with various equipment that requires
that third wire ground; that third leg, so
they can properly ground the electricity
that is flowing through.

Figure 8. Examples of Wiring.

How many of you have remodeled your
homes lately, or done anything inside the
home where you changed a light fixture or
maybe have changed a wall socket? They
sell what I would term pseudo-outlets for
you.

They were originally designed for two wire
and replaced with a cover for a third wire
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Figure 9. Two-prong Plug and Adaptor.

ground. It looks like it is grounded prop-
erly, but it is not. This is what it may look
like (Figure 10). You have them there.
Who is to say that has just been put into a
two-prong outlet or through the wall sock-
et. Assume it is not grounded unless you
look behind it.

Figure 10. A Three-prong Receptacle.

Do you know whether or not it has been
grounded properly? Can you tell? Can
you walk up to and look at the socket and
tell that it has been grounded?

That is why those 250 fatalities occur.
Some of them did it before, some of them
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did not. This is a term which is not a
scientific term, but I like it. Have you
heard of a term called "shade tree mechan-
ics?" This is what I call the "jack-leg" wire
mechanic. That means that he is not fol-
lowing codes for the types of materials he
uses. This is a faulty method of installa-
tion.

There is a hot wire that goes through the
wire. There is a hot side and there is a
cold side. You can hook the hot side
through the switch and the cold side
through the switch so the wire is running
through the white side.

When you shut if off, the switch goes off,
but it is still hot. You start working on
that socket. You start taking it out of the
wall to repair it; it is still connected. The
power is still flowing through it. Was it
installed using NEC codes?

Figure 11. A Wire Nut.
Wire Nuts

Some people, when they replace their wire
nuts, do not necessarily use the wire cover
on the nuts (Figure 11). They may use
plastic. They may use tape. They may
squeeze them together. But it may call for
the wire cover, the wire nut, the yellow cap
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to go over that wire where that connection
has been made.

A lot of jack-leg wiring will go on like this.
You have a conduit box there designed to
carry only so many connectors inside.
They are rated because of the amount of
heat that is given off by each connector.
They build up additional heat inside.

This situation is an excellent point for a
fire to occur, unsuspectedly, for the wiring
itself to degrade from the heat, causing it
to touch the metal casing and the metal
conduit around it. A person could then
touch it and die.

Overhead Wires

I would be remiss without talking about
what we traditionally think about on the
farm where we have equipment that is
being pulled around: getting in contact
with overhead wires. There are labels.
There are safety shields and warnings in
place to help people to avoid that situa-
tion.

Most people, farmers and agriculture
workers, do try to obey this. Sometimes,
however, they get too busy, and they forget
for a few moments. That moment of care-
lessness may end up with that piece of
equipment getting in contact with that line.
We know how electricity kills. It is going
to go through what is grounded the most.

A cartoon character can live through it.
The human body cannot.

CONCLUSION
Inspections Need to be Made

In conclusion, I would like to offer the
following. Inspections need to be made on
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the farm. They need to be made on a
scheduled basis and immediately when
things are damaged. These inspections will
reveal problems before they become life-
threatening situations.

Those conduits, if they are bent, need to
be checked. How many times have you
put down an electric cord and said, "Well,
I am only going to use this temporarily
here; get some power to do this little func-
tion."

NEC Codes Shouild be Followed

Five years later you still have that same
electric cord in place. Think about it at
home. You have an electric cord you have
been using someplace, have you not?

That moment of carelessness may end up
with that piece of equipment getting in
contact with that line.
electricity kills.

We know how

The NEC should be followed. It helps
everyone on that farmstead or that place.
They can have some assurance that there
is some safety, that they know that it is
supposed to be working like this. You
know what kills a lot of people—things that
"were supposed to be," (and were not) and
sometimes we do not find out until after
the fact.

Safety Procedures Adopted

There are safety procedures that should be
adopted. First, if you are going to do your
own work, you need to have someone
there who can check it over before you
start using it. What happens with people
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