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Editorial

Special Edition
“Advances in Forensic  

Entomotoxicology”

	 Most individuals first think of insects when they hear the word ‘entomology,’ yet 
entomology is a much broader topic involved with the study of multiple organisms such as mil-
lipedes, centipedes, arachnids and other insects as well as crustaceans (collectively referred to 
as arthropods). The forensic application is how these organisms can be used in legal investiga-
tions. Most often, forensic entomology deals with feeding insects which aid in determining the 
time of death, but there is more information that can be collected from the action of insects on 
dead and decaying flesh. Subsets of the forensic entomology field can be subdivided into three 
subsets: urban, stored product and medico-legal.1 The beginnings of forensic entomology can 
be traced back to the 1200’s in China, with Sung Tzu as the ‘first’ forensic entomologist. Other 
notable forensic entomologists have been Francesco Redi (1600’s), Bergert d’Arbois (1800’s) 
and Hermann Reinhard (late 1800’s). Key advancements in forensic entomology have only 
happened over the last 150 years. A significant amount of work has been submitted by Reinhard 
and Hofmann in the late 1800’s in Germany and France, respectively.2 Initially, arthropods 
were valued for their ability to assist in determining the postmortem interval. Later, arthropod 
use became valuable in determining the cause of death due to the presence of drugs or poison-
ing.2 The ability of arthropods to help define the time of death is astounding.3,4 Conventional 
measurements such as body temperature and rigor are only accurate for a couple of days and 
are significantly altered due to differences in ambient temperature. The growth cycle of the 
blowfly (the larvae phase being maggots) is highly consistent, and as one of the first inhabitants 
of a cadaver, the stage of blowfly development can be back calculated to determine with a high 
level of accuracy, time of death.2,5,6 The site where the death occurred has an enormous impact 
on the types of arthropod infestations which would be specific to the location of the cadaver and 
various arthropods have been examined based on their specificity in gauging time, and place 
of death.7-11 In addition to arthropods, the use of fungi has also been utilized to aid in determin-
ing postmortem interval and location of death.12 In the last decade, concerted efforts have been 
made to establish uniform guidelines for the practice of forensic entomology and define a series 
of best practices that can be utilized by any laboratory.13

	 Over the last hundred years, as forensic entomology has evolved, a new field has 
developed-forensic entomotoxicology. Entomotoxicology investigates for the presence or ab-
sence of toxins or drugs in various arthropods (primarily flies and beetles).14 The development 
of entomotoxicology has been a significant advancement in the detection and identification 
of drugs or toxins in bodies which have been significantly composed or burned where fluids 
and tissue may be at a premium.15 Using pharmacological and toxicological principles such 
as absorption, distribution, metabolism, elimination, and toxicology, the actions of drugs or 
poisons on arthropods can be an invaluable tool in aiding the determination of cause and time 
of death.5,16 There are two aspects of forensic entomotoxicology that have demonstrated high 
value. First is the estimation of postmortem interval and second is the identification or quan-
tification of drugs in a body. Various illicit drugs (opioids and psychostimulants) can alter the 
growth and development rates of both flies and beetles. Investigators have studied the effects of 
drugs such as ketamine, morphine, and diazepam on the growth and development of larvae of 
different arthropods, Diptera: Calliphoridae in particular.17-19 Examination of larvae growth and 
development is not restricted to only drugs, but also the analysis of pesticide action.20 By iden-
tifying the drug which is present, and following the arthropod growth cycle, a more accurate 
determination of the time of death can be estimated. In some instances, entomotoxicology is a 
two-step process where simple examination for the presence of a drug is not enough. Common-
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ly, beetles (Order: Coleoptera) and their feces are used in entomotoxicology for the detection of drugs and other toxins. The presence 
of particular drugs is often the result of the beetles’ feeding on fly larvae (Order: Diptera) that had previously been consuming the 
dead flesh that contained the toxic substances in a manner analogous to a food chain. Studies investigating arthropod pharmacoki-
netics (absorption, distribution, metabolism, and elimination) are needed since evidence for drug effects in insects is lacking.5,16 The 
difficulty in detecting drugs in larvae is a primary reason this area of research has lagged in development. Detection can only occur 
when the rate of absorption exceeds the rate of elimination and there have been reports that some drugs will not bioaccumulate over 
the entire life-cycle of the larvae, suggesting different pharmacokinetic characteristics across different arthropods.14 Although, our 
understanding of drug actions in humans is extensive, there is relatively little work on how drugs (heroin and methamphetamine) 
are metabolized in insects, which may confound later interpretations.15 Due to the significant variability in detectable drug quanti-
ties, it is best to sample only the larvae that are actively feeding.21 The premise of sampling only feeding larvae suggests that there is 
some degree of drug or toxin elimination from the larvae’s system over time.22 Also, toxins contained in tissues fed upon by carrion 
insects, have the potential for altering developmental patterns of arthropods and so the pos tmortem interval is also altered. A recent 
report has attempted to account for these development changes by measuring the quantity of volatile gas that is released.23 By assess-
ing the volatile organics that are being released by the arthropods, this will aid in adjusting for any postmortem interval alterations 
induced by other drugs. So, it is important to continue studying how different toxins can affect the development and other parameters 
of insects of forensic importance.15 In some instances, our ability to detect and identify is constricted by the available technology. 
The ‘gold standard’ for confirmatory tests has been the use of gas chromatography with mass spectrometry (GC/MS). In fact, there 
are confirmatory tests for the determination of nicotine and methamphetamine in Calliphora vomitoria.24,25 However, the need has 
arisen for testing methods that are not sample-destructive. Oliveira et al have examined the use of near-infrared spectroscopy to de-
tect and quantify the levels of benzodiazepines in Chrysomya megacephala in a non-destructive manner.26 Another method utilizes 
mass spectrometry for detection, but liquid chromatography as the carrier system has been shown to be efficacious in the detection 
and quantification of Δ9-tetrahydrocannabinol in blowfly larvae.27 It is apparent that as our technology advances, the methods for 
detection and quantification of drugs, pesticides and toxin/toxicants in arthropods will become more accurate and sensitive. More 
work is needed for the further advancement of entomotoxicology.

SUMMARY

Forensic entomology and more specifically, forensic entomotoxicology, is a new and evolving discipline. Although, evidence has 
existed for decades, only recently has there been a concerted effort to formalize the methods and guidelines for entomotoxicology 
as a stand-alone discipline. By incorporating the features of entomology and toxicology, entomotoxicology is poised to be one of 
the newest, and exciting, fields of forensic science. The intent of this special edition is to highlight the existing work in the field of 
entomotoxicology and shed light on the additional work that is needed.
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