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INTRODUCTION
The widespread use of chlorinated hydrocarbon insecti
cides has resulted in increased human and animal exposure
to these agents.

The chlorinated hydrocarbons are readily

lipid soluble and are very slowly metabolized into nontoxic
substances in vivo (Scott, 1964).

Because of this the

chlorinated hydrocarbons tend to be concentrated at the
higher levels of the food web, and Woodwell (1967) has
suggested that these substances may be hazardous to entire
ecological systems.

The amount of DDT present in human

body fat has been estimated to be 11 ppm (Woodwell, 1967).
Dale and Quimby (1963) have estimated that the amount of
dieldrin in human body fat in the United States is O.15
ppm - 0.02 ppm.

The mean amount of dieldrin in human body

fat in England has been found to be somewhat higher.
Hunter, Robinson, and Richardson (I963) have found it to
be 0.21 ppm while Egan et al. (1965) have found the mean
dieldrin content of human fat to be 0.26 ppm.

While these

levels represent a significant concentration in the body,
it is felt that even in the event of the rapid utilization
of the body fat these levels would not be dangerous (Prazer,
1967).
A massive research effort has focused on the demon
stration of the lethal effectiveness of the chlorinated
hydrocarbons and on the effectiveness of various doses
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(Radeleff, 1964). It is known that they are centrally
acting neurotoxins (Hayes, 1965), however, neither the site,
nor the mechanism of action are known (Radeleff, 1964).

As

chronic toxicants, the chlorinated hydrocarbons have re
sulted in degenerative changes in most of the vital organs
of mammals, but particularly in the liver and kidneys
(Radeleff, 1964).
Large doses of a chlorinated hydrocarbon produce a
number of symptoms of clinical toxicity.

The- onset of

these symptoms is a function of both dosage level and mode
of exposure.

The following behavior is symptomatic of an

animal effected by a large dose of a chlorinated hydrocarbon:
apprehension (Hayes, 1955; Radeleff, 1964), hypersensitivity
(Conley, 196O; Radeleff, 1964; Spiotta & Winfield, 1952),
muscular fasciculations (Dale, et al., 1963; Hayes, 1955;
Hoogendam, Versteeg, & De Vlieger, 1963; Princi, 1957;
Radeleff, 1964; Revzin, I966; Speck & Maaske, 1958; Spiotta
& Winfield, 1952), and clonic-tonic seizures (Dale et al.,

1963; Hayes, 1955; Hoogendam, Versteeg, & De Vlieger, 1963;
Princi, 1957; Radeleff, 1964; Revzin, 1966; Speck & Maaske,
1958; Spiotta & Winfield, 1952). Death may result from
exposure to a sufficiently large dose (Radeleff, 1964).
In addition to these behavioral changes, long term
alterations of the electroencephalogram (EEG) have also
been reported (Hoogendam, Versteeg, & De Vlieger, 1963;
Princi, 1957; Prior, 1963; Revzin, 1966; Speck & Maaske,
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1958).

Work conducted in our laboratory has found that doses

of dieldrin which produce no observable symptoms of clinical
toxicity nonetheless result in EEG changes.
Research on the effects of sublethal doses of the
chlorinated hydrocarbons has focused almost exclusively on
the biochemical (Cipriano & Hayes, I962), hematological
(Waud, 1952), histological (Gannon, Link, & Decker, 1959)j
and electrophysiological (Hoogendam, Versteeg, & De Vlieger,
1963; Revzin, 1966) results of exposure.

These investigations

have typically found changes in these various parameters as a
result of exposure.
Attempts to find behavioral correlates of exposure to
the chlorinated hydrocarbons have met with mixed success.
Khairy (196O) exposed rats to either 25 or 50 mg dieldrin
per kg body weight (b.w.) beginning 75 days after birth.
The animals learned a straight alley response.

No signifi

cant differences were found between the exposed and control
animals.

Khairy did find that when 40 and 50 gram weights

were put on the rats there was decrease in running time
that was directly related to level of exposure.
Medved, Spynu, and Kagan (1964) have found changes in
classically conditioned responses as a result of exposure
to pesticides.

These changes were manifested in an increase

in the response latency, a decrease in differentiation, and
accelerated extinction of the conditioned response (CR).
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James and Davis (1965) studied the effects of DDT
exposure on the discrimination ability of Bobwhite quail.
Prior to exposure, the animals were trained on a discrimina
tion problem in an operant situation.

The experimental

group was then given 20 mg DDT/kg b.w, and presented with
a new problem.

The control group made significantly fewer

errors in learning the new problem.
Maland (1968) investigated the effect of dieldrin on
the retention of a visual discrimination task.

Sheep were

trained in a Y maze on two problems, matched in pairs for
performance, and one member of each pair was randomly assigned
to the exposed group, the other served as an unexposed control.
Dieldrin exposure began six days prior to ^s being given
problem three.

When criterion was reached on problem three,

or when 30 days had elapsed, Ss were retested on problem one.
The exposed group required significantly more trials to rele,arn problem one than did the control group.
Sussman (1967) studied the effects of dieldrin on the
extinction of a conditioned avoidance response (CAR) in
sheep.

The Ss were trained in a shuttlebox until a criter

ion of 90^ CARS was met.

The experimental group was then

given 15 mg dieldrin/kg b.w. orally until signs of clinical
toxicity were observed or 35 days had elapsed.

Coincident

with exposure Ss were placed on an extinction regimen.

The

extinction data were analyzed for latency, number of avoidance
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responses, and number of barrier crossings.

There were no

significant differences between the exposed and control
group on any of these measures.
In a series of studies Sandler, Van Gelder, Buck, and
Karas (I968) Investigated the effect of dieldrln on detour
learning in sheep.

In the first experiment Ss were habit

uated to eating their dally grain ration in an open field,
and were then presented with a barrier which necessitated
a detour to reach the food reward.

The experimental ^s

were given dally oral doses of 15 mg dieIdrin/kg b.w.
beginning on the first day of habituation. The administra
tion of dieldrln was continued until the appearance of
clinical signs of toxicity.

No differences were found

between exposed and unexposed animals.

The second experi

ment attempted, unsuccessfully, to increase problem diffi
culty.

The procedures were the same as discussed above

with the exception that the exposed ^s were given daily
oral doses of 10 mg dieldrln/kg b.w.

No differences were

found between experimental and control animals.
The paucity of work on the behavioral effects of the
chlorinated hydrocarbon insecticides is obvious from the
foregoing review.

It appears that behavioral changes, when

they occur, are likely to be manifested in subtle ways.
Thus, if these changes are to be studied, a sensitive
measurement technique must be used.

Operant conditioning
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techniques have proven valuable and flexible tools in the
study of subtle behavioral changes resulting from the
action of pharmacological agents (Thompson & Schuster,

1968). It was decided to use these techniques to study the
behavioral effects of the chlorinated hydrocarbons.
Operant conditioning is generally acknowledged to be
most useful in the assessment and evaluation of performance
of already learned tasks. The nature of the manual shaping
procedures used in training an animal in an operant situation
do not lend themselves to strict control. (This may change
with the introduction of automated training procedures in
the future.) Because of this it is difficult to insure
that each subject receives the same treatment during training.
Thus it is difficult to meaningfully compare the learning
curves of various subjects.

For this reason the research

employing operant conditioning in the assessment of drug
effects on behavior has used performance measures.

This

procedure will also be followed in the present research.
There are in excess of a dozen members of the chlori
nated hydrocarbon family of insecticides.

There is consid

erable variance within this group in terms both of magnitude
of use and propensity for storage in the body (Radeleff,
1964). Three considerations led to the selection of
dieldrin as the chlorinated hydrocarbon to be studied:

(1) Dieldrin is in wide use as an agricultural insecticide.
(2) Dieldrin is one of the most troublesome of the chlori
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nated hydrocarbons in terms of residues. (3) Aldrin is
converted to dieldrin in the body. Thus, in effect it is
possible to study two compounds while using only one.
Van Gelder et al. (1969) have Investigated the rela
tionship between dieldrin exposure and the EEG activity of
sheep.

Permanent recording electrodes were surgically

implanted bilaterally on the dura in the frontal, parietal
and occipital areas of the cortex. The EEG changes con
sisted of the appearance of bursts or spindles of high
voltage slow wave activity from one or more of the recording
electrodes.

Similar changes were seen in all animals regard

less of exposure level, the onset of the changes varying
inversely with the dosage.

Continued exposure resulted in

an increase in the duration and occurrence of the observed
changes. Hoogendam et al. (1963) and Spiotta and WInfield

(1952) have reported the same type of EEG alterations re
sulting from exposure to chlorinated hydrocarbon insecti
cides.
There is evidence to suggest that this type of EEG
activity is associated with an impairment of attentlveness,
or consciousness.

Gibbs et al. (1935) studied EEG activity

in epileptic patients. They found an impairment of con
sciousness during spike wave EEG activity. This type of
EEG activity is similar to that observed by Van Gelder et
al. (1969).

Schwab (1939) found increased reaction times
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in petit mal epileptic patients if the stimulus fell within
a spike and wave episode.
these early findings.

More recent work has supported

Mirsky (I96O), working with epileptic

patients has found that errors in a vigilance task tended
to occur in the presence of spike and wave abnormalities.
Mirsky and Van Buren (1965) also found impaired attentiveness during hypersynchronous slow wave EEG activity in
patients suffering from centrencephalic epilepsy. They
concluded that "Bursts which are symetrical, regular, and
bilaterally synchronous tend to produce more behavioral
deficit than other bursts.... (p. 3^7)."
Based on the results of their work, Mirsky and his
collaborators (Landsdell & Mirsky, 1964; Mirsky, Primac,
Marsan, Rosvold, & Stevens, 196O) have argued that the
maintenance of attention is dependent upon the normal
functioning of the central subcortical structures.

Addi

tional evidence in support of this position comes from
experimental studies of brain function and investigations
of the effects of various pharmacological agents on
attentiveness.
Lindsley et al. (1950) studied behavioral and EEG
changes following chronic brain stem lesions in the cat.
They found prolonged impairment of wakefullness and high
voltage slow wave EEG activity.

French and Magoun (1952)

found the same behavioral and EEG manifestations following
chronic lesions in the brain stem of monkeys.
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Mlrsky and Cardon (1962) studied the behavioral and
electrophysiological changes accompanying sleep deprivation
and chlorpromazine administration in normal human subjects.
The behavioral measure used was the continuous performance
test (CPT) (Rosvold, Mirsky, Sarason, Bransome, & Beck,
1956). (The CPT is a vigilance task.

The subject is re

quired to attend to the visual (or auditory) presentation
of a series of letters and to signal the appearance of an
X (or in another form of the test an X which has been
immediately preceded by an A) by pressing a button located
on the arm of his chair.) All subjects were tested under
control conditions, after being deprived of sleep for 6670 hours, and between 3 and 4 hours after the oral adminis
tration of 200 mg of chlorpromazine.

The administration

of clorpromazine, and sleep deprivation both produced
marked deficits in performance of the CPT.

Under sleep

deprivation Ss' EEGs tended to be slower and of higher
amplitude when errors were being made than when Ss were
performing correctly.

The magnitude of the EEG changes

under chlorpromazine was statistically significant, but
often detectable only by statistical means.

Depending

upon the locus of the effect of a centrally acting agent
it would be possible to produce chiefly behavioral effects
(chlorpromazine) or both behavioral and physiological
effects (sleep deprivation, petit mal epilepsy) (Mirsky &
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CardonJ 1962, p. 9).
Mirsky, Prlmac, and Bates (1959) have also found a
decrement in performance on the CPT resulting from chlorpromazine administration.

Mirsky and his associates state

that the depression produced by chlorpromazine in performance
on the CPT results from the drug's depressive action on the
subcortical activating centers.

There is substantial

evidence to suggest that chlorpromazine does act on these
subcortical centers (Primac, Mirsky, & Rosvold, 1957).
In addition to the general similarity of the EEG
changes noted in epilepsy, sleep deprivation, and chlorinated
hydrocarbon toxicity there is another similarity which bears
mentioning.

Mirsky and Van Buren (1965) reported a retro

grade amnesic effect in their epileptic patients.

Conley

(i960) and Spiotta and Winfield (1952) have found retrograde
amnesia in people suffering from dieldrin and aldrin poison
ing respectively.

This does not, of course, mean that the

same mechanism is responsible for the amnesic effect in both
cases.

It is, however, interesting in view of the similarity

of the EEG changes.
In light of the literature reviewed above it was
decided to investigate the effect of dieldrin on a vigilance
task in sheep.

Preliminary work indicated that sheep could

be trained in an operant situation to respond only in the
presence of a discriminative stimulus (S^) and to withhold
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responses at other times.

The animals were trained until

they reliably responded within five seconds after the
cessation of a 0.1 second tone (the S^) of 6 decibels (db).
It was felt that this procedure was analogous to a
vigilance task since ^s must be continually alert if they
are to respond to the presentations of the tone.
It is hypothesized that dieldrin will produce a
decrement in vigilance behavior, and that this decrement
will be most severe when the stimulus is presented during
periods of hypersynchronous slow wave EEG activity.
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METHOD
Subjects
Pour experimentally naive yearling female cross bred
sheep were randomly selected from the flock maintained by
the Environmental Pesticide Research Laboratory.

The

animals were reduced to approximately 85^ of their free
feeding body weights, were housed as a group, and had free
access to water.
Apparatus
An operant feeding device suitable for use with sheep
was designed and constructed (Figure l).

The frame of the

apparatus was made from 3/8 inch thick aluminum panels.
The food hopper was mounted on a bearing supported shaft
connected by an electro-magnetic clutch to a constantly
rotating shaft driven by a 1/4 horsepower electric motor
geared down to 40 rpm. The clutch was powered by a 90 volt
DC power supply through a relay under program control.

The

clutch engaged upon closure of the relay and the food hopper
rotated through an arc of approximately 90 degrees, at which
point contact was broken on the commutator and the clutch
disengaged.

The hopper was held in place by a mechanical

latching mechanism and was released by activation of a
solenoid under program control.
diagram of the apparatus.

Figure 2 is a circuit

The food hopper was kept filled

Figure 1.

Rear view of operant feeding device showing major components.
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Figure 2.

Circuit diagram and specification of electronic components in operant
feeding device. T - variable transformer; P - 1 amp fuse; R1 - 10
ohm, 10 watt resistor; D1 - 1.5 amp 200Vj^]yi bridge rectifier; D2 - IN
4004 diode; REl, RE2 - 110 volt coil DPDT relay; R2, R3 - 470 ohm,
l/4 watt resistor; R4 - 15O ohm, 1/4 watt resistor; 01 - 100 mfd,
200 volt capacitor; C2, C3 - 0.22 mfd, 200 volt capacitor; C4 - O.5
mfd, 200 volt capacitor.
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to the desired level by a 2-1/4 Inch (interior diameter)
hose (not shown) connected to a large container filled with
corn.

The amount of corn which flowed into the open eating

area of the hopper was limited by an aluminum panel across
the middle of the hopper (Figure 3).

This panel also

prevented Ss from gaining access to the corn when the
hopper was down.
Some mechanical noise was generated by the solenoid
which released the latching mechanism.

This was reduced

by acoustical padding placed around the solenoid.

Two

springs connected the food hopper to the frame of the
apparatus and served to damp the fall of the hopper.

Foam

rubber on the underside of the hopper further reduced the
noise associated with its release.
The manipulandum (bar) was 12 inches by 12 inches,
and was constructed by adapting the design used by Ferster
and Skinner (1957) in their work with pigeons.
was a normally closed switch.

The bar

A very light touch on the

bar, moving it through a short distance, was sufficient to
open the switch, and thus operate the control circuitry.
This design gave the sheep a mechanical advantage.

The

manipulandum was located on the floor of the operant
chamber and l6 inches to the right of the food hopper.
picture of an S in the operant chamber is presented in
Figure 4.

A

Figure 3.

Detailed, view of food hopper*.

FILL TUBE
CONNECTS HERE

V£)

Figure 4.

Sheep In the operant chamber with telemetry equipment on.
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The experimental events were controlled by MasseyDickinson solid state programming modules.

The paradigm

used in this experiment provided for a 0.1 second tone
presentation followed by a five second period during which
a bar press would result in reinforcement.

A period of 30

seconds without a response being made had to elapse between
tone presentations.

A Massey-Dickinson 12 channel numeric

printer automatically recorded the number of tone presenta
tions and the number of presentations responded to.

A

block diagram of the programming equipment is presented in
Figure 5.
Electroencephalograms were recorded using two channel
PM telemetry units manufactured by Bio-Com, Inc. The
telemetry units were carried on nylon web harnesses worn
by the sheep.

The EEG was recorded from permanently

implanted durai electrodes which were anchored to the skull
by dental acrylic.

The PM telemetry signal was received

by a modified PM tuner, demodulated, and relayed to a
Grass Model 10 polygraph. The polygraph recorded the EEG
signal and also recorded the bar presses and tone presenta
tions.
A five KHz tone was produced by a signal generator
(Precision Apparatus, Inc., Model E-310), amplified to six
decibels (db) intensity, and presented through a speaker
located in the operant chamber.

The chamber was rectangular

Figure 5.

Block diagram of programming circuit used.
Lines which do not connect with anything
indicate wires going to other locations.
The letters near the wires indicate the
location. The large letters indicate the
type of module. I.I. - indicator Inverter;
TB - time base; EMC - electromechanical
counter; PC - programmable clock; OPC output control; CAM - cam; IMD - input
modifier delay; MAG - multiple and gate;
RA - recording area; PTM - precision time
multiplier; SB - switch box; AP - apparatus;
YMA - Y maze; -R - power supply -R; BAT battery; AC - AC power source.
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and measured l43 inches by 8l inches by 96 inches (Figure 6).
An air conditioner in the operant chamber ran continuously
and served to maintain a reasonably constant temperature.
It also served as a masking noise for extraneous environ
mental stimuli.

The noise produced by the continous running

of the operant apparatus also helped mask extraneous stimuli.
The sheep were observed via closed circuit television
(CCTV).

This permitted the nondisruptive observation of

the animals.
Procedure
The sheep were individually brought into the operant
chamber, the food hopper was locked in the up position, and
S was permitted to eat from it.

In subsequent sessions ^s

were habituated to the noise and motion occasioned by the
presentation and retraction of the food hopper.

The Ss

were then trained to bar press using standard shaping
procedures.

The amount of time necessary to complete this

training varied from 12 to 23 hours. (Ss were trained daily
for one half hour.) After the bar pressing response had
been acquired training was begun with the S^. The
(a 6 db^ 5 KHz tone) was turned on, and remained on until
S responded by bar pressing.

The bar press resulted in the

termination of the tone and the presentation of the food
hopper for 3.5 seconds.

After the termination of the tone

a 30 second period during which no bar presses were made
^The reference level is 0.0002 u bars at 1000 cps.

Figure 6.

Diagram of the operant chamber.
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had to occur before the next tone presentation.

The

duration of the tone was gradually reduced until Ss were
reliably responding within five seconds to a 0.1 second
tone presentation.

This phase of the training procedure

took from five to eight weeks.
Upon completion of training durai recording electrodes
were bilaterally implanted on the frontal, parietal, and
occipital cortex. The electrodes were stainless steel
wire placed in nylon screws.

The sheep was anesthetized, a

sagital incision was made on the top of the head, and the
skull exposed.

The bone was cleaned and dried, and holes

were drilled and tapped for the electrodes in the following
locations: parietal - 1 cm anterior, 2 cm lateral; occipital 2 cm posterior, 1-1/2 cm lateral; frontal - 3 cm anterior,
1 cm lateral.

The measurements are given with the bregma

as a reference point.
near the bregma.

A reference electrode was placed

Additional holes were then drilled and

tapped for stainless steel anchor screws.

A miniature

seven pin connector imbedded in dental acrylic was then
soldered to the recording electrodes and the entire assembly
was bonded to the skull with dental acrylic and the incision
closed.
Following a one week post operative recovery period
Ss were placed in the operant chamber daily for additional
training.

When Ss were responding at a stable level three
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or four days of control EEG and behavioral data were
recorded. During the baseline period the sheep were given
50 tone presentations (trials) per day,

A daily oral

placebo was given to Ss during the baseline period.

When

the control data had been collected the sheep were orally
exposed to a daily oral dose of 20 mg technical dieldrin
per kg b.w.

The sheep's EEGs were intensively monitored

following exposure. During the exposure period Ss were
given two blocks of 50 trials each per day.

On the first

day of exposure the first block was given five hours after
exposure; the second block was given two hours later.

On

subsequent days the blocks of trials were presented two
and seven hours after exposure.

Exposure was continued

for two days following the day on which hypersynchronous
slow wave EEG activity first occurred.

Exposure was then

discontinued and Ss were given 50 trials per day until they
were responding at their pre-exposure levels.
At the conclusion of this recovery period the sheep
began a one week period during which they were not tested.
At the beginning of the second week Ss were placed in the
operant chamber daily and given 50 trials. During the
last three days of this week Ss were given oral placebos
and control behavioral data was collected, ^s were then
exposed to a daily oral dose of 5 mg technical dieldrin
per kg b.w.

The animals were tested for the behavioral
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decrement and recovery using the procedure discussed above.
At the conclusion of the experiment the sheep were
euthanitized and post mortem examinations were conducted
to determine if any gross pathological changes had occurred
in the brain.
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RESULTS
Hypersynchronous slow wave EEG activity was observed
in two Ss (104 and 122) on the first.day of exposure and
was present in the records of the other Ss on the second
day.

As exposure continued the duration of these changes,

and the frequency of their occurrence increased. Figure 7
presents an example of this type of EEG activity.
Hypersensitivity was observed in all
exposure and re-exposure.

following

This was the only sign of

clinical toxicity observed.
The results are presented in Figures 8 through l4.
The numbers in the lower right hand corner of the figures
indicate the subject number and the exposure level.

Since

one ^ did not recover its pre-exposure response level after
the initial exposure it was not re-exposed.

The data on

which these figures are based is presented in the Appendix.
During the exposure periods Ss were given two blocks
of 50 trials each per day.

This was done to determine

whether dieldrin exposure resulted in differential per
formance within days.

That is, as the length of time

since exposure increased from two to seven hours was the
decrement in vigilance behavior more severe?

Since in

spection of the data revealed that this was not the case
the mean of performance within days during the exposure
periods constitutes the data reported in the figures and

Figure 7.

Hypersynchronous slow wave EEG activity typical of the type seen
following dieldrin exposure.

INCREASED SLOW WAVE EEG ACTIVITY
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the Appendix.
Figures 8 through 11 present the data from the initial
exposure (20 mg/kg b.w.). It can be seen from Figure 8
and Table 1 that on the first day of exposure the response
level was depressed 63^ below the mean level of the base
line period.
67.34^.

The mean response decrement for this S was

Eight days after the cessation of exposure S was

responding at its pre-exposure level.
Table 1 presents a summary of the data contained in
Figures 8 through 11.

Table 1.

Subject

Mean percent of correct responses and mean
response decrement for all Ss. Exposure level
is 20 mg/kg b.w.

Mean percent correct
Exposure
Baseline

Mean response decrement

104

83.00

15.66

67.34

130

81.50

36.50

45.00

122

74.00

16.33

57.67

124

68.66

30.25

38.41

In Figure 9 the response level on the first day of
exposure was 42^ below the mean level of the baseline period.

Figure 8.

Performance during baseline, exposure, and recovery periods for S
104. Dosage during exposure was 20 mg/kg b.w.
""
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Figure 9.

Performance during baseline, exposure, and recovery periods for S
122. Dosage during exposure was 20 mg/kg b.w.
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This animal had a mean response decrement of 57.76^ during
the exposure period and required ten days after the termi
nation of exposure to regain its pre-exposure response
level.
In Figures 10 and 11 the response decrements on the
first day of exposure are not as dramatic as those in the
previous figures.

However, as exposure continued the per

cent of correct responses showed further declines.

The

mean response decrements for these Ss were 45^ and 38.41^
respectively.

Sheep number 130 (Figure 10) recovered its

pre-exposure response level six days after the termination
of exposure.

Sheep number 124 (Figure 11) did not regain

its pre-exposure level.
The results of re-exposure at 5 mg/kg b.w. are
presented in Figures 12 through l4. In Figure 12 the mean
of the baseline period was 80^.

On the first day of re-

exposure there was a decrement of 40^.

The mean decrement

for the re-exposure period was 55.67^.

It can be seen

that S did not recover its pre-exposure level.
The mean response level during the baseline period in
Figure 13 was 89^.

There was no decrement in response

level until the third day of exposure.

Although there was

a rise in response level on the remaining days of exposure,
the response level never reached the pre-exposure mark.
The mean decrement for the exposure period was 21.29$.

Three

Figure 10.

Performance during baseline, exposure, and recovery periods for ^
130. Dosage during exposure was 20 mg/kg b.w.
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Performance during baseline, exposure, and recovery periods for ^
124. Dosage during exposure was 20 mg/kg b.w.
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Figure 12.

Performance during baseline, exposure, and recovery periods for S
104. Dosage during exposure was 5 mg/kg b.w.
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Performance during baseline, exposure, and recovery periods for S
130. Dosage during exposure was 5 mg/kg b.w.
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days after the termination of exposure _S had recovered its
pre-exposure response level.
In Figure l4 the mean response level during the base
line period was 80.33#.

There was a mean response decrement

during the re-exposure period of 28.93#.

The pre-exposure

response level was recovered three days after the cessation
of exposure.
Table 2 presents a summary of the data contained in
Figures 12 through l4.

Table 2.

Subject

Mean percent of correct responses and mean response
decrement for all re-exposed Ss. Exposure level
is 5 mg/kg b.w.

Mean percent correct
Baseline
Exposure

Mean response decrement

104

80.00

24.33

55.67

130

89.00

67.71

21.29

122

80.33

51.40

28.93

Post mortem examinations were conducted on all Ss by
a veterinary pathologist to determine if any gross patho
logical changes had occurred in the brain as a result of
the surgical procedures.

An abcess was found in the left

cerebral hemisphere of S 104.

This S did not recover its

Figure 14.

Performance during baseline, exposure, and recovery periods for S
122. Dosage during exposure was 5 mg/kg b.w.
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pre-exposure response level following re-exposure.

It

should be noted, however, that S 124 also failed to
recover its pre-exposure response level following the
initial exposure, and that no pathology was found in its
brain.

No instances of pathology were found in the other

experimental animals.
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DISCUSSION
In all Ss there was a decrement in performance follow
ing exposure to dieldrin.

These results support the

hypothesis that dieldrin exposure causes a decrement in
vigilance behavior.

However, it was not possible to

determine whether the decrement was more severe in the
presence of hypersynchronous slow wave EEG activity.
The EEG changes reported by Van Gelder et al. (I969)
occurred in all Ss.

These changes were clearly recognizable

on the first day of exposure in two Ss and were present in
the EEG records of thé remaining ^s on the second day.

As

exposure continued the duration of these changes, and their
frequency of occurrence increased.

During the exposure

period Ss' EEGs were monitored several times an hour.
While Ss were in their living area the EEG changes occurred
frequently.

However, as soon as Ss were placed in the

operant chamber an aroused EEG (low voltage fast waves)
was seen.

At no time did any S exhibit hypersynchronous

slow wave EEG activity while in the operant chamber.

There

fore, it was not possible to determine whether there was a
greater performance decrement in the presence of this type
of EEG activity.

It may be possible to test this hypothesis

by altering the experimental situation so ^s are in the
operant chamber for extended periods of time.

It is

possible that the novelty of the operant chamber relative
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to Ss' usual surroundings is responsible for the aroused
EEG overriding the dieldrin induced changes.

Reducing the

novelty of the operant chamber may facilitate the appearance
of the EEG changes observed while Ss are in their living
area.
The magnitude of the performance decrement observed
in the presence of normal cortical EEG activity make the
necessity of the use of this procedure questionable.

At

the present time it is doubtful that further significant
decrements in performance could be found in the presence
of hypersynchronous slow wave activity. However, as
increasingly low doses of dieldrin are used in an effort
to determine the lowest exposure level at which performance
decrements occur the situation may change.

The performance

decrements observed with extremely low doses may not be as
large as those found in the present study.

It is possible

that at that time a performance decrement may occur only
in the presence of high voltage slow wave EEG activity.
With the exception of the performance decrement, the
behavior of Ss in the operant chamber did not change after
exposure.

Prior to exposure all Ss typically positioned

themselves close to the manipulandum and maintained this
position between tone presentations. This positioning was
also maintained after exposure.

There did not appear to

be an increase in either activity or vocalization after
exposure.
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Stattleman^ has Indicated that sheep are most sensitive
to audio

stimulation in the 4-6 KHz range. The tone

frequency used in the present study was chosen to maximize
the likelihood that Ss would be sensitive to the tone.
Stattleman has also reported that an intensity of 6 db is
near threshold in sheep.

The low intensity and short

duration of the tone are indications that the task was, in
fact, a vigilance task.

There is evidence that the decrement

in vigilance behavior was not the result of a decrease in
auditory sensitivity.

On many trials which were not

responded to by Ss there was an orienting response to the
onset of the tone.

This response consisted of the perking

up of the head and ears and looking around the chamber.
In addition, the presentation of the tone often resulted
in an arousal response on Ss' EEG record.
While it is possible to rule out a decline in•
auditory sensitivity as being responsible for the observed
change in behavior, it is not possible to determine the
mechanism responsible for the change. The present study
was designed to test for the presence of a decrement in
vigilance behavior as a result of dieldrin exposure, but
could not determine the neurological mechanism mediating
the decrement.

Although additional research is necessary

^Stattleman, Arthur, Athens, Georgia.
communication. 1968.

Private
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to determine the cause of the decrement, it is possible
to speculate in general terms concerning the areas of the
brain which are most likely to be involved and the reasons
for the decrement in performance.
Van Gelder et al. (1969) have found that in sheep
dieldrin residue levels are significantly higher in the
brain stem than elsewhere in the brain.

Landsdell and

Mirsky (1964) and Mirsky et al. (196O) have argued that
the maintenance of attention in man is dependent upon the
normal functioning of the central subcortical structures.
Thus, to the extent that dieldrin interferes with the
normal functioning of these structures decrements in
vigilance behavior would be expected.

The use of recording

electrodes placed directly in specific areas of the sub
cortical structures should provide valuable information
concerning the effects of dieldrin.
The fact that three of the four Ss recovered their
pre-exposure response levels after termination of dieldrin
exposure indicates that the decrement in performance is
probably not permanent.

There are a number of theoretical

explanations which may be used to explain the performance
decrement and recovery.

Only two of these explanations

will be discussed.
It is possible that a certain minimum level of
dieldrin

be present in the brain before a decrement
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In vigilance behavior occurs.

As long as the dieldrin

residues are above this threshold there will be a perform
ance decrement.

Previous work done in our laboratory has

indicated that an exposure level of 20 mg/kg b.w. for
three or four days will result in a mean residue level in
the brain of approximately 4 parts per million (ppm).
Within the period taken for Ss for recovery this level
would have been reduced to approximately 3.5 Ppm by
metabolic processes.

This explanation leads to the con

clusion that brain dieldrin residue levels near 4 ppm are
necessary to produce a decrement in vigilance behavior.
Since exposure to low levels of dieldrin, e.g. 0.1 mg/kg
b.w., would not result in such high brain residue levels
this position is readily amenable to testing.
The performance decrement may be viewed as resulting
from interference with the processing of the incoming
sensory information.

That is, the tone is heard but is

not responded to because the information is not appropriately
processed.

This interference may take two forms: (l) The

neural impulses never reach the appropriate area for
processing. (2) There is noise in the system (in the form
of increased electrical activity) which interferes with
the interpretation of the impulses being transmitted, but
the impulses reach the appropriate area.

It is possible

that both of these forms of interference are active and
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are jointly responsible for the performance decrement.
The first explanation is clearly compatible with the
idea of a minimum residue level which must be present to
interfere with the response.

However, the second explana

tion, while compatible with the notion of a threshold
which must be exceeded, offers greater flexibility and
may be invoked to explain the performance decrements
which may occur when the brain residue levels are not of
the magnitude mentioned above.

It is hypothesized that

dieldrin interferes with the interpretation of impulses
through the introduction of noise into the system.

As

the signal to noise ratio decreases there is a decrement
in performance.

The recovery of the original response

level results from the occurrence of two complementary
processes.

First, the dieldrin residue levels are reduced

by means of metabolic processes.

This results in a

reduction in the amount of noise in the system.

Second,

concomitant with the reduction of the noise S is becoming
more adept at interpreting the signal in the presence of
noise.

These two processes proceed cojointly and are

responsible for the recovery of the response.

The idea

of S becoming more adept at interpreting the signal in
the presence of noise could explain the relatively better
performance of all Ss following re-exposure.
The re-exposure of Ss to a level of dieldrin lower
than that originally given indicated that a vigilance
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decrement would be likely to result from lower exposure
levels.

However, It must be realized that although Ss

were responding at their normal level prior to re-exposure
there were still dieldrin residues present in their bodies.
Thus, there were carry over affects in the re-exposure
period and it is not possible to state that the effects
seen in these Ss would occur in an S previously unexposed
to dieldrin.

The data are useful, however, in that they

provide the investigator with some information about the
effects of lower level exposure which he would not other
wise have.

Re-exposing Ss also makes more efficient use

of the experimental animals.

Since it is necessary to

invest a great amount of time in training each S it is
desirable to collect as much data as possible before S is
euthanitized.
The veterinary pathologist who conducted the post
mortem examinations estimated that the abcess in the brain
of S 104 had been present for about four weeks.

This

estimation was based upon the extent to which the abcess
was encapsulated.

If this estimate is correct, it would

mean that the abcess was either present, or forming, during
the baseline period prior to re-exposure.

If this was the

case, it is interesting that the abcess did not effect S's
performance.

Even if the abcess was present prior to re-

exposure it is difficult to understand how the sudden and
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percipitous drop in response level could be attributed to
it.
The failure of S 104 to regain its original response
level following re-exposure is difficult to explain.

It

may be that the cumulative effects of dieldrin exposure
were sufficient to produce permanent neural damage which
prevented recovery of the response.

It is also possible

that the presence of the abcess interfered with the
processes which normally mediate recovery.

There are

difficulties with this latter interpretation, however.
The post mortem examination of S 124 revealed no gross
pathology of the brain yet this S failed to regain its
pre-exposure level of responding. It is possible that
recovery would have occurred had S been tested for a longer
period of time.

However, it was the opinion of the attending

veterinarian that S was suffering from a brain abcess.

This

opinion, coupled with S's poor performance, influenced the
decision to conduct the post mortem examination.

It is

also possible, however, that permanent neural damage re
sulted from exposure and prevented the occurrence of
recovery.
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SUMMARY
The effect of dieldrin on vigilance behavior in sheep
was investigated.

Pour sheep were reduced to 85^ of their

free feeding body weight and were trained to bar press
within five seconds after the presentation of a 0.1 second
duration 5 KHz tone of 6 db in order to gain access to
food.

When Ss were responding at a stable level three or

four days of control electroencephalogram and behavioral
data were collected.

A daily oral placebo was given to

Ss during this baseline period. The sheep were then
exposed to a dally oral dose of 20 mg technical dieldrin
per kg body weight (b.w.). During the exposure period
there was a marked decrement in the percent of correct
responses.

Three of the four Ss were responding at their

pre-exposure levels within ten days after the termination
of exposure.

The fourth S failed to recover its pre

exposure response level.
Following recovery the sheep were removed from the
testing regimen for a one week period.

At the beginning

of the second wee/ Ss were placed in the operant chamber
and tested daily.

During the last three days of this week

Ss were given oral placebos and baseline behavioral data
was collected.

The sheep were then exposed to a daily

oral dose of 5 m.'"; technical dieldrin per kg b.w.

A per

formance decrement, was found in all Ss following re-exposure.
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Two of the three Ss recovered their pre-exposure response
levels three days after exposure was terminated. The
other S did not recover its pre-exposure level.
The results indicated that dieldrin has a deliterious
effect on vigilance behavior in sheep.

The decrement in

performance may result from interference with the processing
of incoming sensory information.

This interference may take

two forms: (l) The neural impulses never reach the appro
priate area for processing. (2) There is noise in the system
which interferes with the interpretation of the impulses
being transmitted.

These possible explanations were dis

cussed with respect to the results obtained.
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Table 3.

Subject

Percent of correct responses during baseline,
exposure, and recovery periods under both
exposure levels.

Day

Percent correct

130
Baseline
1
2
3
4
Exposure (20 mg/kg b.w.)
5
6
7

8

64
96
66
100
65
24

27
30

Recovery
9

32

10

50

11

56

12

62

13
14

94
84

Baseline
1

2
3
Exposure (5 mg/kg b.w.)
4
5
6
7

90
92
90
92
92
29
59

8

51

9

79

10

73

Recovery
11
12
13

70
90
92
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Table 3. (Continued)

Subject

Day

Percent correct

104
Baseline
1

71

2
3

79
100

104

Exposure (20 mg/kg b.w.)
4
5
6

20
19
8

Recovery
7
8
9
10

4
24
10
46

11

74

12
13
l4

58
80
86

Baseline
1
2
3

78
82
80

Exposure (5 mg/kg b.w.)
4

40

5
6

Recovery
7
8
9
10
11
12
13
14
15

20
12

12
36

16
22
36
22
20
38
38

70

Table 3. (Continued)

Subject

Day

Percent correct

Recovery

16
17
18

4
16
26

19
20
21
22
23
24
25

36
4
38
18
34
38
32

26
27
28

26
16
30

29
30
31

34
30
38

124
Baseline
1
2

72
62

3

72

Exposure (20 mg/kg b.w.)
4
5
6
7

43
29
22
27

Recovery
8
9
10
11
12
13
14
15
16

28
36
18
14
6
4
2
10
24

71

Table 3. (Continued)

Subject

Day

Percent correct

Recovery
17

16

18
19

26
32

20
21

20
22

122

Baseline
1
2

74
78

3

70

Exposure (20 mg/kg b.w.)
4
5
6
Recovery
7
8
9
10
11
12
13
14

32
10
2

15
16

14
24
10
24
42
60
64
58
84
90

Baseline
1
2

65
94

3

82

122

Exposure (5 mg/kg b.w.)
4

5

62
57

8

59

6
7

41
38

72
Table 3. (Continued)

Subject

Day

Recovery
9
10
11

Percent correct

32
90
84

