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A REVIEW ON NON-TARGET TOXICITY OF DELTAMETHRIN AND PIPERONYL
BUTOXIDE; SYNERGIST

Abstract: Deltamethrin and piperonyl butoxide two synthetic pyrethroids, when used in a combination it produces
synergistic effect. This two insecticide has found to be widely used in the management of mosquito, housefly and
other insects to control the various vector born diseases. In this study we assessed the toxic effect of deltamethrin
and piperonyl butoxide on beneficial organisms commonly available in this ecosystem. It was found to be toxic to
fish, honey bees the prime pollinators of crop plant; earthworm is also susceptible at a lethal concentration for a
particular exposure. As far the birds are concerned, they have a less toxic risk in lower concentration of exposure.
The alteration obtained in the hematological, biochemical and histopathological studies, which further conclude that
it can cause environment hazards and toxic to the non-targeted organisms. This investigation gives an insight of the
combined toxicological profile of deltamethrin and PBO for better risk assessment and safe use of pyrethroids and
their synergist in non-targeted organisms.
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Introduction: Pyrethroids are meant for the management of various insects for controlling various vector born
diseases or as pest control, by killing or repelling a good range of organisms which are undesirable but these are
also capable to harm the other non-target organisms inhabiting to ecological balance. In Ghana through tropic
transfers and run-off water pyrethroids are reaching the aquatic ecosystems, this types of chemicals may cause
harmful effect to man based on water bodies. Among those Deltamethrin is one of such insecticides widely used
worldwide affecting the aquatic vertebrae [1]. In soil earthworms are most common organisms in the environments,
which play a crucial role for the improvement fertility and structure in soil ecosystems. Thus earthworm are
consider as an example of non-target organisms in soil as because of their beneficial role, earthworms modify the
organic matter in soil by chemical as well as physical means, they mix the plant litter into soil, which improves the
soil porosity, stabilization and formation of soil aggregates [2]. Honey bees are the good pollinators of environment
acute or chronic exposure pesticides like deltamethrin may kill the honey bees individually, whole colonies within
short periods of exposure, exposure for long term may include lethal effects on queen, drones, workers, and brood,
which may be kill or altered the fertility. In a honey bee it may alter tissues, gut, enzyme activity, memory and
behavioral function and also found to cause reproductive issues like viability of sperm, disruption of ovary [3].



Pyrethroids are also found to affect the birds indirectly which may be due to the threat through the supply of food.
Waterfowl, insectivorous birds which are small are mostly susceptible for such kinds of toxicants [4]. In practice of
agricultural the people engaged are often face problem in harvest management because of loss which is caused by
the various insects pest. In control of such problem farmer have to go for various pesticides to used which may be
natural or synthetic ones like pyrethroid and pyrethrins [5]. Thus, while spraying the pesticides in crops or use of
insecticides in the management of vector born disease it should be kept in mind regarding their toxic profile and
safety margin in terms of concentration. Pesticides which are sprayed on the crops fall on the soil and enter the
water via surface runoff from agricultural soils, enter water and affect the earthworm, fish. Hence present study has
undertaken for the assessment of safety margins for deltamethrin and piperonyl butoxide in regards to non-target
organisms such as honey bees, the earthworm, bird, and fish [6]. The combination form of insecticide has found to
be advantageous because some of these are also having the synergistic effect such as PBO (Piperonyl butoxide)
which has found to be used with other insecticides because of its synergistic activity infect there are different
essential oils which can be used as a synergists when employed with the synthetic pyrethroids like alpha-
cypermethrin, beta-cypermethrin etc. [7]. PBO is also toxic substance which may results into short term as well as
long term effects, the effects are mostly associated to carcinogenic, hepatic and central nervous system related
adverse impacts. PBO is the most widely used synergists by incorporating with various insecticidal products. In
case of aerosol containing mosquito repellants PBO is often used as synergist to increase the potency of synthetic
pyrethroid [8]. The toxic profile of PBO is moderately toxic to aquatic animals, highly toxic to amphibians,

invertebrates and earthworm [9]. Toxicity for Ingested PBO in case of birds is founds to be low [10].

Method:

1. Toxicity study in aquatic animals: Pyrethroids with less than 1.0 part per billion (ppb) LC50 values having
toxic effect for invertebrates among the aquatic animals, whereas the similar doses of pyrethroids are employed
against mosquito, black fly and their larvae to control the various vector born disease [12]. The insects of surface
dwelling category are most sensitive organisms, nymphs, mayfly, large crustaceans, benthic and zooplankton such
types of organisms may also get affected with insecticides. Very low concentration which is even non lethal dose,
they may show some altered behavioral changes in case of aquatic animal’s pyrethroids are having the ability to
create tactile stimulus and may affect the survival. Shrimp and lobster are also susceptible to most of the
pyrethroids. LC50 values for fish are even less than 1.0 part per billion thus pyrethroids are highly toxic to aquatic
vertebrates. The toxic profile for deltamethrin is highly toxic; whereas allethrin having low toxicity; permethrin,
cypermethrin and fenvalerate these are moderately toxic pyrethroids [13]. The abnormality in potassium and

sodium level with an increase in the urine osmolality is observed due to pyrethroids toxicity. The damage observed



into the gill surface obtained from histopathological studies suggest the accumulation of insecticide in gills, which
may associated with decrease oxygen intake efficiency by gill and due to increase secretion of mucus irritation is
developed with increase ventilation volume [14]. The toxic effect causes by pyrethroids includes impaired
schooling behaviors, inappropriate swimming (try to adhere the water surface), buoyancy loss, seizures,
hyperactivity, rate of cough is increased, elevated mucus secretions in gill, gill arches get flared, and before death
shaking of head and listlessness is also observed [15].

2. Toxicity study in honey bees: Pyrethroids affects the feeding behavior of insects like bees and thus act as a
strong repellent [16]. The pyrethroids at starting it leads to knockdown of bees (the normal position of the insects
cannot be possible to maintained) which further may result into recovery or death. Pyrethroids having repellency
action towards bees, which may result into a decrease in contact of bee’s with the surfaces of plant and it is lasts for
one day after the administration of pyrethroids [17]. As most of the insects they die in field, thus fewer chances are
there to contaminate their hives and brood remains unexposed from insecticides.

3. Toxicity study in birds: Pyrethroids can produce some indirect affects to the birds; it is due to contaminated
food supply. Small insectivorous birds and waterfowl are commonly susceptible towards insecticides [18]. The
resistance of pyrethroids is more in case of birds as compared to mammals. Excretion rate of pyrethroids is more
rapids in quail, with faster metabolisms and low absorption rate; it is found that >4,000 mg/kg body weight is the
LD50 in oral route for quail whereas 450 mg/kg body weight for is the oral LD50 in rat, which is almost 10 times
greater in magnitudes [19].

4. Toxicity study in earthworms: Application of pyrethroids in soil has founds to reduce earthworms population
predatory mites counts [20]. Deltamethrin decrease the body weight of earthworm’s initially in 4 weeks but
afterwards it get increased. The enzyme P450activity is stimulated in earthworms by a low concentration
of deltamethrin [21]. The time of exposure, concentration, environmental matrix and selected end points
are the factors that influence the deltamethrin toxicity identification. Deltamethrin toxicity profile has
been found to be as moderate towards earthworms as compared to other pyrethroids. However, through
filter paper test it is observed that deltamethrin have both cytotoxic and chronic toxicity even at low doses
(2.0 mg kg~ 1) [22].

Discussion: This study was carried out to analyze any toxicological, physiological and pathological changes on non
target species such as earthworm, honey bee, aquatic vertebrates, birds which is caused by the use of some common
environmental toxicants inducing pesticides and also to create an awareness of pesticide pollution in ecological
resources. The alteration in constantly swimming sideways, losing equilibrium, slowing their motion, hanging

vertically in the water, increased operculum movement, lordosis, and motionlessness gaping their mouth for air



with lamellar thickening on gill and fusion. Fish are mostly sensitive to the environmental fluctuation takes place
within internal milieu. Therefore water quality is a major factor, in terms of hematological variation in fish.
Deltamethrin and its synergist piperonyl butoxide is a highly toxic pesticide widely used in agriculture which in
contacts with honey bees causes an altered feeding behavior and also may lead to death. As honey bees are the
natural pollinators therefore, special attention is drawn to its heavy use in mosquito control programs which
necessitates in-depth subchronic and chronic toxicity tests in honey bees. Pyrethroids used in agriculture also
decrease the population of earthworms therefore special consideration has to be taken to retain the ecological
balance of earthworm which is also essential for soil biota. Birds are found to be as less susceptible towards the

pyrethroids in low concentration for short period of exposure.

Conclusion:

The toxic effects of deltamethrin and its known synergistic effects with PBO exposure to non-target species like
honeybees, earthworms, birds and aquatic organisms (fish) is the most significant as these organisms are essential
for maintaining the ecological balance. Aquatic organisms, particularly fish, are highly sensitive to deltamethrin
even at low concentration also they can cause toxic effects. It has been found to be toxic to honey bees the prime
pollinators of crop plant; earthworm is also susceptible at a lethal concentration for a particular exposure, as far the
birds are concerned, they are having a low toxicity in terms of lower concentration for short period of exposure. It is
therefore, posses a great environmental risk and there is an utmost necessity to carry out their subchronic and
chronic toxicity studies on the toxic effects of deltamethrin and PBO exposure to fish, honeybees, earthworms and
birds which may attribute towards the prediction of a safe concentration of deltamethrin and PBO for further
insecticides management techniques. This study confirms the potential risk of deltamethrin and PBO, which should

be accounted in the assessment of pyrethroids induced ecological risks in non target organisms.
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