
Abstract Entomotoxicology (the study of drugs in in-
sects), a new field of forensic investigations, has still to be
precisely defined especially with respect to the toxic sub-
stances that can be assessed in entomological specimens.
The aim of the present work was to review the relevant en-
tomological publications in order to analyse and describe
the various toxic substances that have been detected in bio-
logical specimens. Experimental studies have been reviewed
separately from case reports. Toxic substances have been
classified according to forensic toxicology methodology
and on the basis of the chemical and analytical features.
This classification will help investigators to identify the
compounds that can be found in such biological samples
and may stimulate new analytical research investigations.
Given the heterogeneity of specimens, the use of non-spe-
cific tests (such as immunoenzyme assays) is not recom-
mended and specific and sensitive techniques are suggested.
Methods such as GC-MS and HPLC-MS allow the exact
identification of the toxic substances and their metabolites.
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Introduction

The term forensic entomology, although not strictly de-
fined, is generally applied to the study of insects and other
arthropods associated with certain suspected criminal
events. The objective of forensic entomology is to answer
the three questions, what is the post-mortem interval, the
cause of death and the site of death.

Entomotoxicology is a specialised area of entomology
and forensic science that deals with the qualitative and/or
quantitative determination of toxic substances (e.g. drugs,

environmental pollutants, pesticides) in insects/arthropods
feeding on human remains.

Insects are a useful source of samples for toxicological
analysis when the tissues or body fluids normally used are
not available. Qualitative determination of toxic substances
and drugs can add information on both the cause of death
and the geographical area where the cadaver had been lay-
ing [1]. Since toxic substances can modify the biological
cycle of arthropods, the quantitative determination provides
an additional parameter for evaluating the post-mortem
interval [2, 3, 4].

The history of entomotoxicology is relatively short. The
first reports were by Sohal and Lamb in the late 1970s, who
demonstrated the accumulation of different metals, includ-
ing copper, iron, zinc and calcium, in the tissues of adult
house flies [5, 6]. In 1982, Nuorteva and Nuorteva described
the recovery of mercury from various species of calliphorid
maggots fed on fish tissues containing known concentra-
tions of mercury [7]. Detection of the pesticide malathion
was reported by Gunatilake and Goff [8]. In 1980, the first
article about a drug, phenobarbital, was published by
Beyer et al. [9]. In entomological cases, other authors have
also analysed drugs and narcotics, in particular triazolam,
oxazepam, phenobarbital, alimemazine, clomipramine [10],
bromazepam, levomepromazine and clomipramine [11],
morphine and phenobarbital [12], cocaine [13, 14], ami-
triptyline, propoxyphene and acetaminophen [15], opiates
[16, 17, 18, 19], amitriptyline and nortriptyline [20, 21, 22],
amitriptyline, temazepam, trazodone and trimipramine [23],
salicylates, paracetamol, aminohippurate, amphetamines
and barbiturates [24], and amphetamine derivatives [25].

Examination of entomotoxicology publications helps to
evaluate the possibilities offered by toxicological chem-
istry in the field of entomotoxicology, and to define the
future applications of this branch of entomology.

Entomotoxicological organic materials

The insects most frequently involved in human toxicolog-
ical analyses are true flies or Diptera (the main species
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encountered belong to the families Calliphoridae or blow
flies, Sarcophagidae or flesh flies, Muscidae or houseflies),
and beetles (Dermestidae).

The organic materials of entomotoxicological interest
which can be analysed are larvae, pupae, adult insects, pu-
parial cases, exuviae (cast beetle skins), beetle faecal ma-
terial (frass), fly predators and scavengers.

The methods for chemical toxicological analysis take
into account the substances to be analysed, inorganic (met-
als) or organic (drugs and pesticides), and the type of bio-
logical material to be examined for these substances, as
well as major and minor affinities to organic solvents,
which depend on lipid, protein and cartilaginous compo-
nents.

Arthropods are homogenised and then processed in the
same manner as human tissues or fluids of toxicological
interest.

Metals in larvae

Mercury has been found in adult flies emerging from lar-
vae reared on tissues containing methyl mercury, by neu-
tron activation analysis (NAA) and flameless atomic ab-
sorption spectroscopy (FAAS) analysis. Moreover, a clear
bioaccumulation process was observed, which ultimately
resulted in an average mercury content 4.3 times higher
than that in the food given to the larvae. Although some
larvae had difficulty in beginning the process of pupation,
the overall development was not altered [7]. Sohal and
Lamb detected other metals, copper, iron, zinc and cal-
cium, in the tissues of adult flies, in a similar manner [5,
6].

Pesticides in larvae

Analysis of fly larvae found on the decomposing human
remains of a male suicide showed the presence of an
organophosphate, malathion. While the level of malathion
present in larvae was substantially higher than the LD50
established for adult flies, data are lacking on the effect of
this substance on fly larvae.

Malathion was detected in pooled larvae (2050 µg/g)
by gas chromatography with nitrogen-phosphorus detection
following solvent extraction. It was also observed that the
presence of malathion on remains may alter the rate of de-
velopment of fly larvae feeding on them and delay ovipo-
sition for several days; this was supported by the presence
of only two species of fly larvae on the remains. All these
factors contribute to shorten the estimated post-mortem
interval (PMI) [8].

Drugs in larvae

Following the work of Beyer et al. [9], demonstrating the
presence of phenobarbital in larvae found on a skeletonised
female body, numerous experiments were carried out by

other groups [10, 11, 12, 13, 14, 15, 16, 20, 21, 23, 24] to
detect controlled substances and drugs (e.g. opiates, ben-
zodiazepines, antidepressants, cocaine, acetylsalicylic acid
and amphetamine derivatives) and to gain useful informa-
tion on the cause of death, when the toxicologist was un-
able to examine the usual biological fluids and tissues. In-
trona et al. [17] suggested a quantitative correlation be-
tween the level of opiates present in larvae and the liver,
while Goff et al. demonstrated a correlation between 3,4-
methylendioxymethamphetamine concentrations in skele-
tonised tissues and larvae [25]. Moreover, it was demon-
strated that heroin accelerates the growth of larvae, while
the pupal stage lasts longer. The total times required for
development from larval to adult stages were found to be
longer in colonies feeding on tissues containing heroin
[18].

The articles examined, and related references, are de-
tailed in Table 1.

Metals and pesticides in pupae

Although pupae are suitable for analysing metals and pes-
ticides, there are no specific reports on these substances in
the literature.

Drugs in pupae

Experiments have been carried out in pupae for the detec-
tion of amitriptyline and nortriptyline [21], and MDMA and
its metabolite, MDA [25]. The presence of a parent drug,
in the absence of its metabolite, can serve to confirm
acute intoxication.

In some reports, pupae were analysed for drug content,
but none were detected [15, 24]. The reported absence of
some drugs in pupae may either be attributable to the elim-
ination of drugs during the larval stage, or to a concentra-
tion below the detection limits of the methods used. In
practice, the sharp decrease in drug concentrations in non-
feeding larvae and at pupation makes it only worthwhile
to sample larvae actively feeding on a corpse [23].

Entomological publications on drugs in pupae are de-
tailed in Table 2.

Drugs in puparial cases

The presence of empty pupae could provide useful foren-
sic information because they can be found in the proxim-
ity of human remains even after many years [14, 19, 26].

With the development of hair extraction technologies,
attention has recently focused on the extraction of drugs
from chitinised insect remains, which are frequently en-
countered in mummified or skeletonised remains. An an-
alytical technique similar to that for extraction of drugs
from hairs is employed. Miller et al. [20] described the first
detection of drugs (amitriptyline) from chitinised insect tis-
sues (puparial cases and exuviae), associated with mummi-
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Toxic drugs detected and reference Analytical findings

Barbiturates: phenobarbital [9] Case report
Analytical method: GC/MS
Results: 100 µg/g

Opiates: morphine [17] Experimental report: larvae were reared on 40 different samples of liver collected from
bodies in which initial blood testing produced a positive opiate result
Analytical methods: RIA, GC/MS
Results: 8–1208 ng/g

Bromazepam, levomepromazine [11] Case report
Analytical methods: EIA, HPLC
Results: bromazepam 0.81 µg/g, levomepromazine 45 ng/g

Morphine, phenobarbital [12] Case report
Analytical methods: FPIA, GC
Results: morphine 0.18 µg/g, phenobarbital 0.50 µg/g

Benzodiazepines, phenobarbital, Case report
clomipramine, alimemazine [10] Analytical methods: FPIA, HPLC

Results: triazolam 204 ng/g, oxazepam 153 ng/g, phenobarbital 761 ng/g, clomipramine
28 ng/g, alimemazine 22 ng/g

Opiates: heroin [18] Experimental report
Analytical method: RIA
Results: positive for morphine and codeine. Flesh fly larvae feeding on tissues containing
morphine developed more rapidly than those feeding on tissues from control. The differ-
ences observed in the rates of development were sufficient to alter post-mortem interval
estimates based on larval development by up 29 h

Cocaine and metabolite [14] Case report
Analytical methods: RIA, GC/NPD and GC/MS
Results: cocaine 0.49 µg/g, metabolite 0.03 µg/g

Amitriptyline, nortriptyline [22] Experimental report: Sarcophagidae larvae were reared on tissues from rabbits administered
different dosages of amitriptyline, to study the effects of this drug on the development of 
these insects. The rabbits were given 300, 600 (median lethal dose), and 1000 mg of 
amitriptyline
Analytical method: HPLC
Results: positive results (larval stage was longer)

Propoxyphene, acetaminophen, Case and experimental report
amitriptyline, nortriptyline [15] Analytical methods: acetaminophen, amitriptyline, nortriptyline, HPLC; propoxyphene,

GC/NPD
Results: propoxyphene 0.06 µg/g, acetaminophen 0 µg/g, amitriptyline 0.28 µg/g, nortripty-
line 0.18 µg/g

Opiates: morphine, codeine [16] Case report
Analytical method: GC/MS
Results: morphine 90 ng/g, codeine 12 ng/g

Amitriptyline, temazepam, Case and experimental report
trazodone, trimipramine [23] Analytical methods: amitriptyline, GC/MS; other drugs, HPLC

Results: amitriptyline 0.10 µg/g, temazepam 0.52 µg/g, trazodone 0.13 µg/g, 
trimipramine 0.28 µg/g

Amitriptyline, nortriptyline [21] Experimental report: Calliphora vicina larvae, reared on artificial foodstuffs spiked with
100 ng/g (human therapeutic dose), 300 ng/g (toxic), 500 ng/g (lethal) concentrations of
amitriptyline, nortriptyline were harvested at various stages of development and analysed for
drug contents
Analytical methods: HPLC and GC/MS
Results: there was a large degree of biological variation in larval drug concentration, there-
fore any quantitative extrapolation from drug concentrations measured in larvae and in the
food source is unreliable

Table 1 Entomotoxicology publications on drugs in larvae: ex-
perimental or case report, analytical methods adopted, results of
drug concentrations in larvae (MS mass spectroscopy, RIA ra-
dioimmunoassay, EIA enzyme immunoassay, HPLC high-perfor-

mance liquid chromatography, FPIA fluorescence polarisation im-
munoassay, NPD nitrogen-phosphorus detection MLD median
lethal dose)



fied human remains. The drug concentration was found to
be higher in the puparia than in the beetle exuviae analysed.

Other drugs (e.g. cocaine, opiates) have been found in
puparial cases by other authors [14, 19]. The articles are
reported in detail in Table 3.

Metals in adult flies

Besides pupae and larvae, adult flies found at the site can
also be analysed. The accumulation of various metals, in-
cluding mercury, copper, zinc and calcium in the tissues
of adult flies has been demonstrated [5, 6, 7]. In particu-
lar, there is a clear correlation between the mercury con-
centration in adult flies and the metal concentration in the
tissues which the larvae have fed on. Adult flies, like lar-
vae, show a high mercury tolerance and effective excretory
functions for eliminating mercury, especially inorganic
mercury [7]. On the other hand, it has been demonstrated
that adult houseflies can tolerate high levels of metals
(e.g. copper, iron) in their diet without any deleterious ef-
fects on the life span [5]. Neither pesticides nor other
drugs have been found in adult flies.

Drugs in exuviae (cast beetle skins)

Metals and pesticides have not been investigated in beetle
exuviae. Only few drugs have been examined using a meth-
od similar to that applied for hair drug extraction. Mil-
ler et al. [20] reported the first detection of drugs (amitrip-
tyline) in exuviae in a case of mummified human remains.
The drug concentrations found were greater in the fly pu-
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Acetylsalicylic acid, paracetamol, Experimental report: Calliphora vicina larvae were reared on artificial foodstuffs, spiked
aminohippurate, amphetamine, with a range of concentrations of different barbiturates and analgesics. Larvae were harbar
biturates [24] vested at different days of development and analysed for drug contents

Analytical method: HPLC
Results: human therapeutic dose showed only phenobarbitone; human LD (lethal dose)
showed acetylsalicylic, amphetamine, amylobarbitone, barbitone, paracetamol; LD of other
barbiturates was lethal to larvae

MDMA (ecstasy) and MDA Experimental report: rabbits were given 22.5 mg (1.0 MLD) of MDMA
(metabolite) [25] Analytical method: HPLC/MS

Results: MDMA 1.5 µg/g

Table 2 Entomotoxicology publications on drug poisons in pupae: experimental or case report, analytical methods adopted, results of drug
concentrations in pupae (MDMA 3,4-methylenedioxymethamphetamine, MDA 3,4-methylenedioxyamphetamine, MLD median lethal dose)

Toxic drugs Analytical findings

Amitriptyline, temazepam, Case and experimental report
trazodone, trimipramine [23] Analytical methods: amitriptyline, GC/MS; temazepam, trazodone and trimipramine,

HPLC
Results: amitriptyline < 0.01 µg/g, temazepam 0.01 µg/g, trazodone < 0.01 µg/g, trimipramine
< 0.04 µg/g. There was a precipitous fall in pupal drug concentrations associated with the
pupation process

Amitriptyline, nortriptyline [21] Experimental report
Analytical methods: HPLC, GC/MS
Results on 15th day of pupation: amitriptyline 20.4 ng/g, nortriptyline 1.2 ng/g

MDMA (ecstasy) and Experimental report: the rabbits were given 22.5 mg (1.0 MLD) of MDMA
MDA (metabolite) [25] Analytical method: HPLC/MS

Results: MDMA, 6.6 µg/g; MDA, 1.8 µg/g. Correlation between MDMA concentration in
tissues and pupae

Table 3 Entomotoxicology publications on drug poisons in pu-
parial cases: experimental or case report, analytical methods
adopted, results of drug concentrations in puparial cases (FPIA flu-
orescence polarisation immunoassay)

Toxic drugs Analytical findings

Cocaine [14] Case report
Analytical method: GC
Positive results

Amitriptyline, nortriptyline Case report
[20] Analytical method: GC/MS

Results: amitriptyline 5.4 ng/mg, 
nortriptyline 2.5 ng/mg

Opiate [19] Experimental report
Analytical method: FPIA
Positive results

Table 1 (continued)

Toxic drugs detected and reference Analytical findings



paria than in the beetle specimens which had fed on 
them.

Drugs in beetle faecal material (frass)

In beetle faecal materials, metals and pesticides have not
been investigated. Only few drugs, such as cocaine [13] and
amitriptyline [20] have been found using a modified hair
extraction technique.

Metals, pesticides and drugs in fly predators 
and scavengers

Nuorteva and Nuorteva [7] noted that beetles, predators of
blowfly larvae, bioaccumulate mercury present in high con-
centrations in such larvae. Moreover, this metal was not
found to be toxic for beetles and no change in life-span was
noted for beetles fed on mercury-containing maggots.

Pesticides and drugs have not been investigated in fly
predators and scavengers.

Entomotoxicology analytical procedures

Sampling of entomological specimens

After sampling of entomological specimens (e.g. larvae, pupae, adult
flies) at the scene and at autopsy, they were washed with copious
deionized water [10, 11, 12] or in cold [21, 23, 24] or luke-warm
tap water [15] and dried on absorbent materials, then killed by
freezing and finally stored at 4 °C or at –20°C for entomotoxico-
logical analyses.

Entomological chitinised tissues (puparial cases and exuviae)
are washed with methanol or detergent, vortexed for 10 s, cen-
trifuged for 5 min and dried under nitrogen.

Preparation of entomological samples for extraction 
of inorganic substances

Inorganic substances (e.g. mercury, iron, copper, zinc, calcium) in-
gested by maggots were detected in emerging adult flies. Samples
containing 15–25 flies (15–25 mg/fly) of both sexes are dried and
ashed in porcelain crucibles at 650°C for 24 h. The resultant ash is
dissolved in strong acids (e.g. HCl, HNO3) [5, 6]. Nowadays, met-
als are prepared for analysis by an acid digestion procedure with
70% HNO3 in Teflon vessels using a microwave sample prepara-
tion system [27].

Preparation of entomological protein samples for extraction 
of organic toxic substances

Before entomotoxicological analyses, cleaned tissues (e.g. larvae,
pupae, adult flies) are washed again with distilled water and dried
with filter paper. This multiple washing treatment is necessary to
prevent contamination by human fluid exudate or transudate [16]
and 1–10 g [9, 10, 11, 12, 13, 16, 17, 21, 23, 24] of cleaned larvae
are weighed and finely chopped with scissors. In the works where
pupae have been analysed, a lower amount, 2.5–5 g, was used [21,
23]. Organic substances have never been detected in adult flies.
Normally, the entomological samples, spiked with an appropriate
internal standard solution, are homogenized in a 0.9% saline solu-
tion. The resulting homogenate is centrifuged.

Preparation of entomological chitinised samples for extraction 
of organic toxic substances

An appropriate internal standard solution is added to 100–200 mg
(a similar amount to that used for hair) of chopped puparial cases in
test tubes. The use of strong acids or bases has been recommended
to break down the chitin/protein matrix and allow the release of
toxic substances [20]. Our laboratory utilises acid hydrolysis and
HCl (0.1 N) is added to cover the tissues. Test tubes are capped,
and extraction is carried out overnight at 65°C. Once the extrac-
tion is complete, the acid solutions are removed from the chitinised
tissues and adjusted to a suitable pH. For cast beetle skins (exu-
viae) and beetle faecal material (80 mg), basic hydrolysis is re-
ported to give the best results [20].

Poison and drug extraction

The preparation and extraction of toxic substances from entomo-
logical samples presents some advantages with respect to human
normal tissues: sampling is fast and easy and no emulsion was
noted during the extraction step, whereas this is sometimes ob-
served with human tissue. Moreover, chromatograms obtained dur-
ing analysis presented less endogenous peaks and this is particu-
larly important in the case of putrefied material. However, the tech-
niques for extraction of poisons and drugs vary according to the
chemical features of the substances to be detected (metal or or-
ganic poisons) and the kind of material to be used.

For protein entomological material (larvae, pupae, adult flies),
the same extraction techniques as for skeletal muscles or fluids of
toxicological interest have been adopted, while chitinised insect
remnants, which are frequently encountered with mummified or
skeletonised remains (e.g. puparial cases and exuviae) are best
analysed by a modified hair extraction technique. A main differ-
ence between the extraction of insect puparia/exuviae and standard
samples is to break down the resistant chitin matrix so that drugs
and toxins can be released. For this reason, acid or base hydrolysis
and pH adjustment are important so that some of the more routine
drug screening extraction methodologies can be employed for an-
alyte isolation.

Toxicological analysis

For the detection of inorganic substances in entomological tissues,
analytical procedures have included FAAS, atomic emission spec-
troscopy or AES (calcium), or optical ICP (inductively coupled
plasma) or ICP/MS, to measure low concentrations.

For the detection of organic substances in entomological tis-
sues, analytical procedures have included as screening tests, radio
immunoassay (RIA) and fluorescence polarisation immunoassay
(FPIA), and as confirmation tests, chromatography techniques (e.g.
TLC, GC, GC/MS, HPLC).

The aqueous extracts are analysed as fluids, so they are ready
for the subsequent purification analyses such as liquid-liquid ex-
traction (LLE) or solid-phase extraction (SPE).

Normally, entomological samples are analysed in the same
manner as human tissues. The tricyclic antidepressants amitripty-
line [15, 20, 21, 22, 23, 28, 29], trimipramine, and trazodone [23]
were extracted after adding sodium hydroxide, with a LLE proce-
dure using a heptane-isoamyl alcohol mixture, acid back-extracted,
and re-extracted with toluene-isoamyl alcohol. The analysis was
carried out with the HPLC technique.

The benzodiazepines triazolam and oxazepam [10], bromazepam
[11], temazepam [23, 28, 29], were also extracted for HPLC deter-
mination with a LLE procedure by heptane or diethyl ether and
then further purified by partition between acetonitrile and heptane.

The opiates, morphine and codeine [12, 16, 17, 19] were ex-
tracted from entomological samples by a chloroform-isopropanol-
n-heptane mixture in the presence of phosphate buffer at a basic
pH, re-extracted into an acidic solution and back-extracted into
chloroform. After evaporation of the solvent and derivatisation
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with BSTFA (bis-(trimethylsilyltrifluoroacetamide) containing 1%
TMCS (trimethyl-chlorosilane), the drugs were identified by GC/
MS.

The SPE procedure used normally for human tissues and bio-
logical samples, has also been applied to entomological samples.
This is carried out with commercial columns (e.g. Bond Elute Cer-
tify, Tox-Clean RC, Chem Elut, Clean Screen DAU), filled with
various materials (usually C18, silica gel derivatised with n-octa-
decylsilane), and using suitable organic solvents [30, 31].

Tox-Clean RC SPE cartridges were used for amitriptyline and
nortriptyline clean up and concentration from aqueous extracts of
chitinised tissues for GC/MS analysis [20].

Purification of cocaine from aqueous extracts obtained from
decomposed soft tissues, including maggots, and beetle faeces [13,
32], was performed on Clean Screen DAU columns for GC/MS
analysis.

Some drugs, acetaminophen [15], acetylsalicylic acid and parac-
etamol [24], were extracted by a non-preconditioned Chem Elut
column for HPLC analysis.

Our experience in entomological material analysis

In our laboratory we have had the opportunity of detecting some
toxic substances (e.g. opiates, cocaine, benzodiazepines and other
tranquillisers) in fly larvae and puparial cases collected on the de-
composing bodies of suicide cases and narcotic deaths.

In our experience, the best organic toxicant purification from
aqueous extracts of entomological specimens is obtained with solid
phase extraction (SPE), and the best analytical results are obtained
by GC/MS with single ion monitoring (SIM).

To analyse metals, an acid digestion procedure in Teflon ves-
sels is necessary using a microwave sample preparation system
[27] and the optical ICP (inductively coupled plasma) technique,
which is able to measure low concentrations.

Discussion

Entomotoxicology is a special area of both entomology
and forensic toxicology, with the common objective of es-
tablishing the cause of death, site of cadaver permanence
and post-mortem interval. The specific analytic methodol-
ogy pertaining to forensic toxicology is applied.

The specimens commonly used are of protein and chi-
tinised tissue origin with a composition roughly similar to
that of human tissues or hair samples. Entomotoxicologi-
cal investigations therefore replace forensic toxicology
analysis whenever cadaver material of protein origin is not
available due to advanced decomposition processes, and
the search for specific substances can consequently be per-
formed only on Diptera recovered in the immediate prox-
imity of the human remains. It has been found that drug
concentrations are higher in puparia than in exuviae or
frass. This most likely reflects the food source preferences
characteristic of the fly and beetle remnants examined.
Sarcophagidae and Phoridae flies mostly feed on soft tis-
sues where acute drug concentrations are likely to be
higher, while Dermestidae beetles feed essentially on
dried integuments [20].

Entomological sampling from human tissues is simple.
Fly larvae feed on human tissues, even putrefied, and are
able to metabolise them due to an enriched enzyme sys-
tem. Analyses of these larvae are therefore devoid of pu-
trescent substances that could interfere with the chemical

assays. The amounts of entomological sample needed have
decreased according to the kind of analytical technique
used. The mass spectrometry technique combined with
liquid chromatography and gas-chromatography, which is
highly sensitive and specific, has contributed to this re-
duction.

Entomological specimens include larvae, the most use-
ful, together with pupae and puparial cases, which are re-
covered at longer intervals after death has occurred. Adult
flies are suitable only for the determination of inorganic
compounds (such as metals). The finding of a specific toxic
substance allows extrapolation of the toxic substances that
were present in the human tissue of origin. However, the
quantitative relationship between the concentration of tox-
icants in entomological specimens and in human tissues is
affected by several variables such as the main human or-
gan the larvae fed on, the development of cadaver Diptera
and the type of toxic substances.

References

1.Nuorteva P (1977) Sarcosaprophagous insects as forensic indi-
cators. In: Tedeschi GC, Eckert WG, Tedeschi LG (eds) Foren-
sic medicine: a study in trauma and environmental hazards, vol
2. Saunders, Philadelphia, pp 1072–1095

2.Goff ML, Lord WD (1994) Entomotoxicology a new area for
forensic investigation. Am J Forensic Med Pathol 15: 51–57

3.Pounder DJ (1991) Forensic entomo-toxicology. J Forensic Sci
Soc 31: 469–472

4.Pahwa R (1991) Forensic toxicology and insects: a minireview.
Vet Hum Toxicol 33: 272–273

5.Sohal RS, Lamb RE (1977) Intracellular deposition of metals
in the midgut of the adult housefly, Musca domestica. J Insect
Physiol 23: 1349–1354

6.Sohal RS, Lamb RE (1979) Storage-excretion of metallic
cations in the adult housefly, Musca domestica. J Insect Phys-
iol 25: 119–124

7.Nuorteva P, Nuorteva S-L (1982) The fate of mercury in sar-
cosaprophagous flies and in insects eating them. AMBIO 11: 34–
37

8.Gunatilake K, Goff ML (1989) Detection of organophosphate
poisoning in a putrefying body by analysing arthropod larvae. 
J Forensic Sci 34: 714–716

9. Beyer JC, Enos WF, Stajic M (1980) Drug identification through
analysis of maggots. J Forensic Sci 25: 411–412

10.Kintz P, Godelar B, Tracqui A, Mangin P, Lugnier AA, Chau-
mont AJ (1990) Fly larvae: a new toxicological method of in-
vestigation in forensic medicine. J Forensic Sci 35: 204–207

11.Kintz P, Tracqui A, Ludes B, Waller J, Boukhabza A, Mangin
P, Lugnier AA, Chaumont AJ (1990) Fly larvae and their rele-
vance in forensic toxicology. Am J Forensic Med Pathol 11:
63–65

12.Kintz P, Tracqui A, Mangin P (1990) Toxicology and fly larvae
on a putrefied cadaver. J Forensic Sci Soc 30: 243–246

13.Manhoff DT, Hood I, Caputo F, Perry J, Rosen S, Mirchandani
HG (1991) Cocaine in decomposed human remains. J Forensic
Sci 36: 1732–1735

14.Nolte KB, Pinder RD, Lord WD (1992) Insect larvae used to
detect cocaine poisoning in a decomposed body. J Forensic Sci
37: 1179–1185

15.Wilson Z, Hubbard S, Pounder DJ (1993) Drug analysis in fly
larvae. Am J Forensic Med Pathol 14: 118–120

16.Kintz P, Tracqui A, Mangin P (1994) Analysis of opiates in fly
larvae sampled on a putrefied cadaver. J Forensic Sci Soc 34:
95–97

202 R. Gagliano-Candela, L. Aventaggiato: Review of entomotoxicology



17. Introna F, Lo Dico C, Caplan YH, Smialek JE (1990) Opiate
analysis in cadaveric blowfly larvae as an indicator of narcotic
intoxication. J Forensic Sci 35: 118–122

18.Goff ML, Brown WA, Hewadikaram KA, Omori AI (1991) Ef-
fect of heroin in decomposing tissues on the rate of Boettcherisca
peregrina (Diptera, Sarcophagidae) and implications of this ef-
fect on estimation of postmortem intervals using arthropod de-
velopment patterns. J Forensic Sci 36: 537–542

19. Introna F Jr, Gagliano-Candela R, Di Vella G (1996) Opiate
analysis on empty puparia: positive results. Proceedings of XX
International Congress of Entomology, August 25–31, Flo-
rence, Italy. Abstract 23-079, p 755

20.Miller ML, Lord WD, Goff ML, Donnelly B, McDonough ET,
Alexis JC (1994) Isolation of amitriptyline and nortriptyline
from fly puparia (Phoridae) and beetle exuviae (Dermestidae)
associated with mummified human remains. J Forensic Sci 39:
1305–1313

21. Sadler DW, Richardson J, Haigh S, Bruce G, Pounder DJ (1997)
Amitriptyline accumulation and elimination in Calliphora vic-
ina larvae. Am J Forensic Med Pathol 18: 397–403

22.Goff ML, Brown WA, Omori AI, LaPointe DA (1993) Prelim-
inary observations of the effects of amitriptyline in decompos-
ing tissues on the development of Parasarcophaga ruficornis
(Diptera: Sarcophagidae) and implications of this effect to es-
timation of postmortem interval. J Forensic Sci 38: 316–322

23.Sadler DW, Fuke C, Court F, Pounder DJ (1995) Drug accu-
mulation and elimination in Calliphora vicina larvae. Forensic
Sci Int 71: 191–197

24. Sadler DW, Robertson L, Brown G, Fuke C, Pounder DJ (1997)
Barbiturates and analgesics in Calliphora vicina larvae. J Foren-
sic Sci 42: 481–485

25. Goff ML, Miller ML, Paulson JD, Lord WD, Richards E, Omori
AI (1997) Effects of 3,4-methylendioxymethamphetamine in
decomposing tissues on the development of Parasarcophaga
ruficornis (Diptera: Sarcophagidae) and detection of the drug
in postmortem blood, liver tissue, larvae, and puparia. J Foren-
sic Sci 42: 276–280

26.Nuorteva P (1987) Empty puparia of Phormia terranovae R.-
D. (Diptera, Calliphoridae) as forensic indicators. Ann Entomol
Fennici 53: 53–56

27.Ponzetta MT, Nardi S, Calliari I, Lucchese M (1998) Trace el-
ements in human scalp hair and soil in Irian Jaya. Biol Trace
Element Res 62: 199–212

28.Langord AM, Taylor KK, Pounder DJ (1998) Drug concentra-
tion in selected skeletal muscles. J Forensic Sci 43: 22–27

29.Williams KR, Pounder DJ (1997) Site-to-site variability of
drug concentrations in skeletal muscles. Am J Forensic Med
Pathol 18: 246–250

30.Simpson N, Van Horne KC (1993) Sorbent extraction technol-
ogy. Varian Sample Preparation Products, Harbor City, Cali-
fornia

31.Lubli G (1990) Solid phase extraction of whole blood samples
for general unknown investigation. Proceeding of the 27th In-
ternational Meeting of the International Association of Foren-
sic Toxicologist (T. I.A.F.T.) 19–23 Oct, Perth, Western Aus-
tralia, pp 258–273

32.Ferrara SD (1989) Il laboratorio di farmacologia e tossicologia
clinica (in Italian). C.G. Edizioni Medico Scientifiche, Torino

R. Gagliano-Candela, L. Aventaggiato: Review of entomotoxicology 203


