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The bombardier beetle received its name from the noxious “bombs” it releases as a defense mechanism. 

When disturbed, the bombardier beetle ejects a hot, noxious chemical spray from the tip of its abdomen with 

a popping sound. The spray is produced as a result of a reaction between two chemical compounds, 

hydroquinone and hydrogen peroxide, which are stored in two separate reservoirs in the beetles abdomen. 

When triggered, the aqueous solution of hydroquinone and hydrogen peroxide travels to the vestibule where 

catalysts facilitate the decomposition of the hydrogen peroxide, and the oxidation of the hydroquinone. The 

heat produced from the reaction causes the mixture to reach a temperature near the boiling point of water, 

producing gas which drives the ejection. To predators, the damage can be fatal.  

ANATOMY 

The bombardier beetle has two large glands that 

open at the tip of the abdomen. Each gland is 

composed of a thick-walled vestibule which contains 

a mixture of catalases and peroxides that are 

produced by the secretory cells which line the 

vestibule. Both glands are also made up of a 

thin-walled and compressible reservoir that contains 

an aqueous solution of hydroquinone and hydrogen 

peroxide. The reaction doesn’t occur in the reservoir 

because it doesn’t provide sufficient energy to fuel 

the reaction.  



 

  

 

 

 

 

 

MECHANISM OF DEFENCE  

When threated, the bombardier beetle opens a valve that allows the aqueous solution of hydrogen peroxide 

and hydroquinone to travel from the reservoir to the vestibule. Catalases lining the vestibule wall facilitate the 

decomposition of the hydrogen peroxide into oxygen gas and water in the following reaction: 

2H2O (aqueous) → 2H2O (liquid) + O2 (gas)  

Peroxidase enzymes facilitate the oxidation of the hydroquinone into p-Quinone and hydrogen gas in the 

following reaction: 

C6H4 (OH)2 (aqueous) → C6H4O2 (aqueous) → C6H4O2 (aqueous) + H2 (gas)  

Hydroquinone and hydrogen peroxide react to produce paraquinone and water. The net reaction is:   

C6H4 (OH)2 (aqueous) + H2O2 (aqueous) → C6H4O2 (aqueous) + 2H2O (liquid)  

This reaction is highly exothermic. The energy released from the reaction raises the temperature of the mixture 

to nearly 100° C, causing roughly 1/5 of the mixture to vaporize. The vapor pressure buildup forces the entrance 

valves from the reactant storage chambers to close, protecting the beetle’s internal organs from the explosion. 

The boiling, foil smelling liquid is expelled explosively through an outlet valve with a loud “pop”. The beetle’s 

glands store enough hydroquinone and hydrogen peroxide to allow the beetle to spray roughly 20 times. 

Sometimes, this is enough to terminate the predator. The main component of the spray, 1, 4-Benzoquinone 

(paraquinone), is particularly irritating to the eyes and respiratory system. The flow of the reactants into the 

reaction chamber and consequent ejection occur in a series of 70 pulses, at a rate of 500 pulses/second! These 

pulsations are caused by micro explosions due to the continuous pressure on the reservoir. This system of 

pulsations is beneficial for the survival of the beetle because it uses pressure instead of muscles to eject the 

spray at a constant velocity, thus conserving the beetle’s energy.  
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The Bombardier Beetle 
     On the surface, Bombardier Beetles may not appear to be very different from the average ground bee-
tle, or Carabidae, but upon closer examination, they are miraculously designed to have the unique ability 
to stun and deter predators from pursuing them due to a highly-complex internal defense mechanism: a jet 
stream of boiling hot chemicals.   

     Bombardier beetles function like a highly complex machine, designed with specific materials for a 
specific purpose. A research team from the Massachusetts Institute of Technology (MIT) recently exam-
ined the internal processes and parts involved in how the beetles produce their chemical weapon jet by 
using an X-ray camera that recorded the process at 2,000 frames per second. Their observations were as 
follows:   

“The X-ray images of the explosion . . . show that spray pulsation is controlled by the passageway 
between two internal chambers; two structures control this process: a flexible membrane and a 
valve. The opening and closing of this passageway between a chamber holding the precursor liq-
uid and an explosion chamber seems to take place passively; an increase in pressure during the 
explosion expands the membrane, closing the valve. Then, after the pressure is released when the 
liquid is ejected, the membrane relaxes back to its original state and the passage reopens, allow-
ing the next pulse to form. This all takes place so rapidly — not to mention inside the insect — 
that the process had never been directly observed.”   1

     Essentially, inside the Bombardier beetle’s abdomen there are two connected chambers: the first 
chamber has hydroquinone and hydrogen peroxide inside, and the second chamber is full of enzymes 
called peroxidase and catalase.   When a Bombardier beetle feels threatened by an enemy it will empty 2

the chemical contents of the first chamber into the second chamber, where the enzymes speed up the reac-
tion of the chemicals, resulting in a deadly chemical expulsion with a temperature of 212º F. Even worse 
for a foe, the insect can precisely aim its explosive concoction at any being trying to harm it. 

     In conclusion, the Bombardier beetle has a complex defense mechanism, complete with the machinery 
to create hydroquinone and hydrogen peroxide, raise the chemicals to a boiling point, and aim them exact-
ly at the desired target. While Bombardier beetle’s defensive system will not seriously harm larger preda-
tors , the boiling expulsion is still capable of burning and staining the skin of the enemy, providing a 3

miraculously designed system of protection for this little beetle.  
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The Defensive Mechanism of the Bombardier Beetle: 
 
Less than one-inch long[1], the slow bombardier beetle seemingly constitutes an easy meal for predators. 
However, most animals steer clear of it for their own safety. The bombardier beetle has one of the greatest 
defense mechanisms in the animal kingdom, the ability to spray scalding chemicals, up to 270 degrees 
Fahrenheit [1], at a distance of 20 cm[3].  That’s the equivalent of a human flinging flaming napalm a 
distance of 46 feet. 
 
This spray is the result of a precise chemical reaction. The beetle has two special chambers, one 
containing hydrogen peroxide (2H2O2) and the other containing hydroquinone (C6H4(OH)2). When the 
beetle feels threatened, these two chemicals are combined in a vestibule (larger chamber) along with some 
catalysts. As the chemicals are combined, the following reaction occurs[4]: 
 2H2O2(aq)       2H2O(l)  +         O2(g) 

   Hydrogen peroxide       Water +   Oxygen Gas 
 
The oxygen gas release from the hydrogen peroxide reacts with the Hydroquinone as follows[4]: 
 
    C6H4(OH)2(aq)  +           O2            C6H4O2(aq) +  2H2O(l) 
   Hydroquinone  + Oxygen Gas       Benzoquinone +  Water 
 

The highly exothermic reaction of hydrogen peroxide and hydroquinone creates Benzoquinone, water, 
and a lot of heat. The mixture instantly heats to 100 degrees Celsius[4] (212 Fahrenheit) and 80% is 
vaporized. The expanding gas creates pressure, which forces the boiling mixture through an outlet valve. 
As the mixture is sprayed, deflectors direct it for pin-point accuracy[2]. The entire reaction is roughly 
diagrammed below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Benzoquinone is nasty stuff. There are certainly worse things to be sprayed with, but Benzoquinone is 
pretty bad. According to the IARC (International Agency for Research on Cancer), Benzoquinone causes 
“local skin discoloration, erythema [rashes], and… [possible] necrosis”[5] when applied to skin. 
Benzoquinone gas causes “serious vision disturbances… through the entire conjunctiva and cornea.”[5] 
Inhalation “depresses respiration” and, in large doses, “induce[s] local irritation, clonic convulsions, 
decreased blood pressure and death due to paralysis…”[5]. Fortunately, one bombardier beetle cannot 

2H2O2 C6H4(OH)2 



produce enough Benzoquinone to cause any serious side effects in humans, but to its potential predators, 
one full-scale attack can be lethal. 
 
The bombardier beetle is a walking time bomb. In two separate vessels, it carries two different chemicals 
whose combination creates a poisonous gas and a flash of intense heat. This combination only occurs 
when the beetle wants it to, in a specialized vestibule capable of withstanding high temperature and 
pressure. Whenever the beetle sprays an enemy, it also covers itself with boiling chemicals. No one 
knows how it survives unharmed[2]. How could such a complex creature evolve without exploding from 
rampant chemical reactions or melting itself with its own safety mechanism. Design is a much more 
satisfactory explanation of this phenomenon. Through this tiny beetle, we see how God has equipped 
even the smallest creatures with incredibly complex tools. In conclusion, the bombardier beetle may 
appear small and helpless, but God has armed it with a chemical weapon to deter any predator. 
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