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Abstract
In response to ultrasonic pest control devices spouting unsupported claims, between 1985
and 1997 the Federal Trade Commission pursued legal action against six companies falsely
marketing such devices. In spite of this, some devices are still sold commercially, claiming to not
only use the disproven method of ultrasonic pest control, but also the untested method of
electromagnetic pest control. This study investigated the effectiveness of pulsing electromagnetic
radiation at 50/60Hz as a pest repellent in German cockroaches (
Blattella Germanica
) in three
experiments: a group choice with shielded vs. radiation exposed zones, and a four quadrant
fullfactorial setup (1electromagnetic coil and insecticide, 2insecticide alone, 3electromagnetic
coil alone, 4neither) tested in groups and individually (single). While differences in locations of
cockroaches in the choice experiment were marginally nonsignificant (P=0.358 to 0.477),
differences between locations in the fullfactorial group experiment were significant, with the
insects favoring quadrant 3 containing only the activated coil (observed Fvalue=32.4298,
Fcritical=3.24 at α=0.05; P=0.0001). However, no differences were observed between locations
in the fullfactorial single experiment (P=1.000). Though cockroaches were not significantly
affected by electromagnetic radiation, providing evidence disproving the claims of manufacturers,
more replication is needed to conclusively determine its viability as a method of pest control.
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According to Roger Entner (
The Wireless Industry: The Essential Engine of US
Economic Growth
April 2012), the US wireless industry is valued at over $196 billion. This
industry is widely utilized by Americans, as nearly 90% of US households use wireless service
(CDC December 2013), and 91% of American adults own a cell phone (Pew Research Group
April to May 2013). As a result of this widespread acceptance of modern technology, more
specifically, devices that use electromagnetic waves to communicate, about 190,000 cell towers
span across American soil as of November 2013, as compared to only 900 in 1985 (Airwave
Management LLC 2013). Additionally, the US Census Bureau (July 2011) reports that 98% of
Americans have access to at least basic broadband internet.
As America is becoming increasingly connected, it is important to recognize the effects
our devices and the electromagnetic waves they emit have on the surrounding environment.
Sahib (2011) investigated the effects of mobile phones on the density of honey bees (
Apis
mellifera
), and discovered that after 10 days of exposure to 900 MHz radiation for only 10
minutes a day, the bees failed to return to their hives in the treatment zone. The study suggests
that the observed return failure could perhaps be due to the radiation affecting the navigational
systems of the bees. Additionally, the queen bees produced fewer eggs when exposed to the
radiation. In a similar study, Huang et al. (2003) discovered a statistically significant relationship
between ultrasound waves (35 MHz), and a lowered amount of spermatophores and larvae in
Indian meal moths 
(Plodia interpunctella)
. Additionally, the masses of larvae exposed to
ultrasound were 35% lower individually than the masses of those that were not.

If electromagnetic waves have such an effect on insects, then perhaps this phenomenon
could have practical applications in pest control. Multiple companies have attempted to
capitalize on the associated method of ultrasonic pest control, such as Pest Offence,
PestACator, and Rid Rite. However, in 2001, the Federal Trade Commission (FTC) issued a
press release stating that they, “have sent warning letters to more than 60 manufacturers and
retailers of ultrasonic pestcontrol devices, stating that efficacy claims about those products must
be supported by scientific evidence”(FTC 2001). The Home Sentinel pest control device claims
to repel aphids, cockroaches, and other pests using a combination of ultrasonic, electromagnetic,
and ionic pest control (aspectek.com). Huang et al. (2009) tested the repellency of a commercial
ultrasonic pest control device against German cockroaches (
Blattella
germanica

), and the final
evidence, supported by many other studies (Gold et al., 1984; Schreck et al., 1984; Koehler et al.,
1986), concluded that the ultrasonic devices were unable to repel the German cockroaches. In
contrast, one study conducted in 1984 suggested that the ultrasound was able to repel the
cockroaches ( Ballard et al., 1984).
Modern electronic pest control devices, such as the Pest Repeller Ultimate (Good Life),
frequently claim to use both ultrasonic and electromagnetic waves to repel pests for increased
efficiency. Ultrasonic waves are released directly through the device, claims the producer of the
Pest Repeller Ultimate, while the electromagnetic radiation is produced by, “send[ing] a signal
through your [house’s electrical] wiring.”(electronicpestrepeller.com). Since previous studies
have determined ultrasonic pest control to be an ineffective pest control method, it can be
concluded that, if these devices are effective, it is due to the electromagnetic radiation they emit.

Electromagnetic radiation does have a documented effect on insects, such as the
aforementioned honey bees (Sahib, 2011), and can increase octopamine (the insect equivalent of
adrenaline) levels in cockroaches (
Periplaneta
americana

) (Wyszkowska et al., 2006). The
phenomenon of radar excitation in aphids was briefly visited upon in John Ott’s 1974 film,
Exploring the Spectrum
, however published works directly testing this phenomenon are
unknown to nonexistent. In theory, subjecting an insect to pulsing electromagnetic radiation at
the correct frequency will cause the insect’s octopamine levels to become elevated (Wyszkowska
et al., 2006). This could cause the insects to become agitated and vacate the area being subjected
to the radiation. If this speculation proves to be correct, then electromagnetic pest control could
possibly have future applications in agriculture.
The idea of electromagnetic insecticides has already been discussed by Mahabadi et al.
(2010), however these methods propose lethal electromagnetic heating. If electromagnetic pest
control were to be used for agricultural applications, its effect on nearby crops would need to be
evaluated. Tenuous evidence suggests that exposure to additional electromagnetic waves could
benefit plants (Mericle, 1964; Novitskii,1966). However, other trials have concluded that
additional electromagnetic exposure can negatively affect plants (Cook et al., 1969; Malinin et
al., 1979; Shternberg, 1966).
The questions being addressed in this project are: 1) Does electromagnetic radiation have
a significant effect on German Cockroaches? and 2) Can electromagnetic radiation be used as an
effective form of pest control? I will evaluate these questions in a closed, temperature controlled
environment using three separate setups. I am testing the claim that German cockroaches will be
sensitive to and negatively affected by pulsing electromagnetic radiation at 50/60 Hz. Therefore,

I predict that there will be a near equal distribution of insects in treatment zones as in control
zones. I expect this because electromagnetic radiation is present in all urban areas through
wireless devices and the earth’s natural electromagnetic field, and insects continue to inhabit
these areas. I speculate that their presence in these areas indicates that they are not deterred by
electromagnetic radiation.

Materials and Methods
Restricted Choice.
The purpose of this experiment was to determine if the waves emitted from an
electromagnetic coil influence the insects enough where they physically try to seek shelter from
the radiation. Two plexiglass boxes, 45 cm by 45 cm by 45 cm, were constructed and washed
thoroughly to remove all unwanted substances that may contaminate testing (Huang et al., 2009).
At the center of the boxes, a bait of canned peaches was placed. On an elevated cardboard
structure 10 cm above the bait, a small electromagnetic coil 10x7x7 cm was placed to emit an
electromagnetic field of 50/60 Hz with a pulse interval of 2 seconds on, 4 seconds off,
mimicking the pulse intervals of commercially available devices (Good Life 20022014;
Aspectek). See figure 1 for detail on coil. On the perimeter of the box, 2 cm from the wall, an
aluminum mesh screen with 2mm gaps between wire was placed to act as a faraday cage. Every
10 cm a 7 mm x7 mm hole was be cut to allow insects to pass from treatment to shielded zones
and vice versa.The inside walls of the box were also covered in an identical aluminum mesh to
act both as a faraday cage to keep out outside signals, as well as make the walls of the enclosure
more amicable to climbing cockroaches. For a set up of the box, see Figure 2. All testing was

conducted in a dimlylit room between the hours of 7:00 PM and 4:00 AM to account for the
nocturnal habits of the cockroaches (Koehler et al., 1987). 12 insects were chilled in a 25℉
enviroment for 5 minutes to slow their movement such that they can be transferred from their
container to the testing enclosure without injury. Transfer was conducted gently through the use
of a paintbrush to minimize wing and appendage damage. 12 insects were placed into the center
of the box, and the lid was sealed with 
Scotch Heavy Duty Shipping Packaging Tape, 1.88 Inch x
800 Inch, Clear, 
so that no insects may escape. They remained inside the box for a 45 minute
adjustment period before the treatment is applied. After 45 minutes passed, the electromagnetic
coil was activated. The number of insects behind the screen (Shielded), and the number of
insects within the unprotected zone(Unshielded) were counted and recorded at 5, 10, 15, 30, and
60 minutes. This experiment was conducted thrice, and the setup was be wiped with 70%
isopropyl alcohol, then water to remove pheromone trails (Miller et al., 2000), and contaminated
bait replaced between each trial. Safety concerns when working with this substance include skin
and eye irritation, although it is noncorrosive. Additionally, product should not be consumed,
and should be used in a wellventilated area. Substance is also flammable, so it should be kept
away from open flames and sparks. Cockroaches were disposed of by being subjected to a 20°
environment for 36 hours, as recommended by the supplier (B. Ogg et. al., 2006). I conducted a
Ttest to determine if there is a statistical difference between between the average number of
insects found behind the steel screen (Shielded), and the average number of insects in the center
area (Unshielded) when electromagnetic radiation was present. Significance was determined at
α=0.05.

Figure 1: Circuit used to construct electromagnetic coil.

.

Figure 2: Setup to be used for the restricted choice study. For visual purposes, lid is not pictured.
Full Factorial Single.
The purpose of this experiment was to determine whether insecticides, electromagnetic
radiation, a combination of both, or nothing repels the determined insect to the highest degree,
without the influence of group behaviors. A square plexiglass enclosure of 91.44 cm was
constructed and divided into four equal quadrants with a fine aluminum mesh (2 mm gaps
between wire). Every 10 cm, a 7 mm hole was cut in the mesh to allow the cockroaches to pass
easily through the quadrants. In the center, there was a circular chamber constructed of black
cardstock and aluminum mesh (diameter of 16 cm) with four exits, each one leading into a

different quadrant. Canned peaches were used as bait. The walls of the enclosure (as well as the
aforementioned quadrant dividers), were constructed using a fine aluminum mesh (2 mm gap
between wire), to act both as a faraday cage, and to also make the enclosure more amicable to
climbing cockroaches (W. L. Gore & Associates, Inc., 1998). Quadrant I contained bait sprayed
with insecticide and also contained an activated electromagnetic coil emitting an electromagnetic
field of 50/60 Hz with a pulse interval of 2 seconds on, 4 seconds off (Good Life 20022014;
Aspectek). This coil presents a low risk to humans because 60 Hz is the “utility frequency”, or
“powerline frequency” in the United States, so humans are exposed to this on a daily basis at
voltages as high as 100120V (Valberg et. al., 1997). My device runs on the same frequency as
power lines, but on a much lower voltage. Quadrant II contained bait sprayed with insecticide
and had a deactivated electromagnetic coil. I used Raid Max® Bug Barrier as mentioned
insecticide. Safety concerns when working with this substance include mild eye and skin
irritation, so gloves and safety goggles should be worn. This substance is also a mild throat, lung,
and mouth irritant so it should be used in a well ventilated area, and should not be digested.
Quadrant III contained bait sprayed with filtered water and had an activated electromagnetic coil
emitting an electromagnetic field of 50/60 Hz with a pulse interval of 2 seconds on, 4 seconds off
(Good Life 20022014; Aspectek). Quadrant IV contained bait sprayed with filtered water and
had a deactivated electromagnetic coil. Refer to Figure 3. All testing was conducted in a
dimlylit room between the hours of 7:00 PM and 4:00 AM to control for the nocturnal habits of
cockroaches (Koehler et al., 1987). For the single study, a naive insect (not been used in any
other experiments) was placed alone in the circular chamber. The first quadrant they entered, and
their quadrant after 5 minutes have past was recorded. To control for pheromone trails, the

visited quadrants were wiped with 70% isopropyl alcohol and water between trials (Miller et al.,
2000). This was repeated 20 times. Cockroaches were disposed of by being subjected to a 20°
environment for 36 hours, as recommended by the supplier (B. Ogg et. al., 2006). I used an
ANOVA to evaluate the data for significance between the presence of pest deterrents and
location of insects at α=0.05.

Figure 3: Setup to be used for the full factorial individual and group studies.

Full Factorial Group.

The purpose of this experiment was to determine whether insecticides, electromagnetic
radiation, a combination of both, or nothing repels the determined insect to the highest degree. A
square plexiglass enclosure of 91.44 cm was constructed and divided into four equal quadrants
with a fine aluminum mesh (2 mm gaps between wire). Every 10 cm, a 7 mm hole was cut in the
mesh to allow cockroaches to pass easily through different quadrants. In the center, there was a
circular chamber constructed of black cardstock and aluminum mesh (diameter of 16 cm) with
four exits, each one leading into a different quadrant. Canned peaches were used as bait. The
walls of the enclosure (as well as the aforementioned quadrant dividers), were constructed using
a fine aluminum mesh (2 mm gap between wire), to act both as a faraday cage, and to also make
the enclosure more amicable to climbing cockroaches (W. L. Gore & Associates, Inc., 1998).
Quadrant I contained bait sprayed with insecticide and also contained an activated
electromagnetic coil emitting an electromagnetic field of 50/60 Hz with a pulse interval of 2
seconds on, 4 seconds off (Good Life 20022014; Aspectek). This coil presents a low risk to
humans because 60 Hz is the “utility frequency”, or “powerline frequency” in the United States,
so humans are exposed to this on a daily basis at voltages as high as 100120V (Valberg et. al.,
1997). My device runs on the same frequency as power lines, but on a much lower voltage.
Quadrant II contained bait sprayed with insecticide and had a deactivated electromagnetic coil. I
used Raid Max® Bug Barrier as mentioned insecticide. Safety concerns when working with this
substance include mild eye and skin irritation, so gloves and safety goggles should be worn. This
substance is also a mild throat, lung, and mouth irritant so it should be used in a well ventilated
area, and should not be ingested. Quadrant III contained bait sprayed with filtered water and had
an activated electromagnetic coil emitting an electromagnetic field of 50/60 Hz with a pulse

interval of 2 seconds on, 4 seconds off (Good Life 20022014; Aspectek). Quadrant IV contained
bait sprayed with filtered water and had a deactivated electromagnetic coil. Refer to Figure 3.
For the group study, 12 naive insects (not been used in any other experiments) were chilled in a
25℉environment for 5 minutes to slow their reflexes such that they may be transferred without
injury. Once transferred to the circular starting chamber, they were given 45 minutes to adjust to
their new environment. After 45 minutes passed, the passages to each quadrant were opened. I
recorded how many insects were in each quadrant at 5, 10, 30, and 60 minutes. Deceased insects
(if any) were included in this count (Huang et al., 2009). All experimentation took place in a
dimlylit room between the hours of 7:00 PM and 4:00 AM to control for the German
cockroaches’ nocturnal tendencies (Koehler et al., 1987). Identical experiments were conducted
thrice with different cockroaches and bait. The enclosure was thoroughly washed and wiped with
70% isopropyl alcohol and water to remove pheromone trails ( Miller et al., 2000) between trials.
Cockroaches were disposed of by being subjected to a 20° environment for 36 hours, as
recommended by the supplier (B. Ogg et. al., 2006). An ANOVA was used to evaluate the data
for a significant difference between the presence of pest deterrents and location of insects at
α=0.05.

Results and Discussion

Figure 4: Restricted choice study. Average number of cockroaches in the shielded and
unshielded zones from three trials at time (in minutes)= 5,10,15,30, and 60. Standard error bars
are shown. Note how there appears to be no clear preference of shielded or unshielded zones.

Table 1: Restricted choice study. Calculated Tobserved values for averaged data of trials 1, 2,
and 3 at time (min)= 5, 10, 15, 30, 60. Tcritical is at a α=0.05 df=2. No results were found to be
statistically significant as Tcrit=2.77. However, due to high P values (p>0.05), no conclusions
can be made on data.

Time

T Observed

Pvalue

5

0.2113

0.426

10

0.0648

0.477

15

0.1127

0.460

30

0.4199

0.358

60

0.0918

0.468

Figure 5: Restricted choice study. Average data between all times of all three trials for the
number of cockroaches in zone A (shielded) and in zone B (unshielded). Standard error bars are
shown. No clear preference is shown for either the shielded or unshielded zones.

Figure 6: Full factorial single study. Averaged data of twenty trials for the path of a single
cockroach through the full factorial experimental setup at time (in min)= 0 and 5. Deceased
cockroaches are included in this count. Note that Quadrant I (insecticide and activated coil) and
Quadrant IV (no treatments) have identical lines, as do Quadrants II (insecticide only) III
(activated coil only). This data proves to be inconclusive.

Table 2: Full factorial single study. Calculated Fobserved value and ANOVA table for the
means of 20 trials at time (min)=0 and 5 including deceased insects in the count. Fcritical at a
α=0.05 is 6.59. Since p>0.05, the data cannot be used to draw conclusions as the probability of
the Fobserved occurring by chance is too high.

Figure 7: Full factorial group study. Average data of three trials for the number of cockroaches in
each quadrant over time (in min)= 5, 10, 15, 30, 60. Deceased cockroaches are included in this
count. Shown with standard error bars. A preference is shown for quadrant III (activated coil, no
insecticide), with quadrant IV (no treatment) close behind.

Figure 8: Full factorial group study. Average data of three trials for the number of cockroaches in
each quadrant over time (in min)= 5, 10, 15, 30, 60. Deceased cockroaches are not included in
this count; note the increased gap that emerges with their omittance, separating the insecticide
treated quadrants from those which did not contain insecticide. Shown with standard error bars.

Table 3: Full factorial group study. Calculated Fobserved value and ANOVA table for trials 1,
2, and 3 at time (min)=5, 10, 15, 30, 60 including deceased insects (see graph to the far right).
Fcritical at a α=0.05 is 3.24. Since p<0.05, and Fobs>Fcrit, the ANOVA supports the statement
that there is a significant difference between groups.

Results found from the restricted choice (p=0.358 to 0.477) portion of my experiment
cannot be used to form concrete conclusions due to large pvalues (where p>0.05), although
initial critical Tvalues seem to be promisingly low as compared to the critical value of 2.77
(α=0.05)(T observed=0.0648 to 0.2113) (Figure 4, Figure 5, Table 1) . These values may indicate
that the sample size was not large enough for a trend to emerge, or could also show that the
cockroach distribution was by chance as the insects had no preference, and were thus not
impacted by the radiation. Additional testing is required to form a concrete conclusion on this
portion of the experiment. The findings of the full factorial single portion are rather nonsensical
(p=1.000), as the number of cockroaches drawn to insecticidetreated quadrants increased over
my five minute trial time (Figure 6, Table 2). Several sources of error could have influenced
these results, including a trial time too short for the cockroaches to be affected by the insecticide
or electromagnetic coil, an insecticide application that was applied in a manner that was not
comparable to insecticide applications in nonexperimental environments (i.e. applied only in the
bait dish and not at the entrances and exits of each respective quadrant, as recommended on
packaging), or the isolated environment that does not commonly occur in this grouporiented
species could alter what they perceive as dangerous (for example, seeing their deceased brethren
could serve as a warning that a certain food source is unsafe). Data collected from the full
factorial choice section indicate that there is a significant difference between the number of
cockroaches in each of the quadrants, with the insects favoring Quadrant III (no insecticide and
an activated coil)(Figure 7, Figure 8, Table 3). As can be observed in the graphs, Quadrant III
(coil treatment and no insecticide) attracted the greatest number of cockroaches, while Quadrants

I (coil and insecticide) and II (no coil and insecticide) attracted the least. Hence, the ANOVA
dictates that there was significantly more insects in Quadrant III than in Quadrants I and II
(Table 3). When observing the distribution of cockroaches within the enclosure, I noted that
cockroaches seemed to group on and around the coil. I speculate that the heat of the coils were
attracting the cockroaches to a greater degree than the electromagnetic waves were repelling
them. Thus, I reject my hypothesis that German cockroaches are negatively impacted by 12V
pulsing electromagnetic radiation at 50/60 Hz, as there were significantly more cockroaches in
the zone exposed to the radiation than in zones exposed to insecticides.
These results can aid in the disproving of commercially available electromagnetic pest
control devices because the coil used in this experiment emits electromagnetic radiation that is
comparable to commercially available devices. My coil emitted radiation at a pulse interval of
4.16 seconds off, 2.08 seconds on. This is comparable to that of the Pest Repeller Ultimate AT
(Good Life 20022014)(1s on, 4s off), while other devices, such as Pestrol Rodent Free (Pestrol
n.d.) claim to pulse on random intervals. Some devices, such as the Bell & Howell©
Electromagnetic Ultrasonic Pest Repeller (Bell Howell n.d.) leave no information on their pulse
intervals at all. Additionally, my coil emits radiation at the powerline frequency (50/60 Hz), as
all above mentioned devices claim to do. Finally, my coil is powered by a 12V battery over 0.05
square meters (240V/m^2), compared to 110V over 464.515 square meters (0.236V/m^2)(Good
Life 20022014). This means that my field's weakest point is far stronger than the commercial
device’s field at its weakest point. However, I would argue that it is still necessary for studies to
be conducted using the commercial devices themselves. Additionally, it is necessary for studies
to be conducted in environments that more closely resemble homes than the enclosures I used.

The cockroaches had a consistent tendency to gravitate towards the edges and seams in boxes, as
if they were trying to escape. I speculate that this is due to airflow seeping through, alerting the
cockroaches of a possible escape route. This could be a large source of error, especially in my
restricted choice experiment as the only seams in the box were in the shielded zone. Another
possible source of error is that insecticide was applied only to bait, so cockroaches still entered
chambers with insecticide treatments, but simply avoided the bait. This could be more effective
if I treated the edges of the zone as well as the bait, as one would treat the entrances of their
home to repel cockroaches.
In continuation of this project, I would like to conduct an experiment under similar
conditions, except in place of using a homemade electromagnetic coil as the experimental pest
control as I did in this study, I would like to use the actual electronic pest control devices being
sold commercially. These devices claim to utilize not only electromagnetic pest control, but also
ultrasonic and ionic pest control. By doing this I would not only be able to determine whether or
not the specific devices are effective, but I could also investigate the ways that ultrasonic,
electromagnetic, and ionic pest control work together, and determine if these many methods used
in conjunction with each other yield different results than when they are used individually.
Further investigation is also warranted to explore the effects of electromagnetic pest control on
insects and pests other than German cockroaches (
Blattella Germanica
) that are listed in the
claims of these devices. For example, the Bell & Howell© Electromagnetic Ultrasonic Pest
Repeller claims to be effective in repelling mice, rats, roaches, ants, and spiders (Bell Howell
n.d.). Finally, I would also like to repeat all studies detailed in this manuscript to gain a greater

degree of accuracy, as well as to develop the methods used to be even more accurate with the
use of new procedures and more advanced equipment.
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