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Prediction of Arsenic and Cadmium Intoxication Cases from Lucilia
Sericata (Meigen, 1826) [Diptera: Calliphoridae] Larvae by ICP-MS*
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Abstract

Aim: This study aimed to develop and validate an Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS)-based analytical method for detecting arsenic (As) and cadmium (Cd) in Lucilia sericata (Meigen, 1826)
larvae fed on contaminated liver tissue and to evaluate the relationship between element concentrations in
the feeding media and larvae.

Method: Chicken liver-based media spiked with different As and Cd concentrations were inoculated with
approximately 100 L. sericata eggs and incubated for three days until the third instar stage. Larvae were
digested with nitric acid and hydrogen peroxide, then analyzed by ICP-MS. Matrix-matched calibration
curves were prepared from blank larvae, and method performance was assessed for linearity, limit of
detection (LOD), limit of quantification (LOQ), recovery, and intra- and inter-day reproducibility.

Results: Matrix-matched calibration curves were linear in the range of 1—20 ng/mL for both elements.
Recovery values ranged from 94.33% to 107.38% for As and from 97.98% to 108.16% for Cd. Intra-day
relative standard deviation values were 3.46—8.51% for As and 2.22-10.36% for Cd. Larvae exposed to As
and Cd showed shorter average lengths than the blank group. The correlation coefficients between element
concentrations in the feeding media and larvae were 0.677 for As and 0.902 for Cd.

Conclusion: The developed ICP-MS method provided accurate and reproducible detection of As and Cd in
L. sericata larvae. These findings suggest that larval elemental analysis may provide useful toxicological
information in forensic investigations, particularly when conventional biological matrices are unavailable in
suspected post-mortem poisoning cases.
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ICP-MS ile Lucilia Sericata (Meigen, 1826) [Diptera: Calliphoridae] Larvalarindan Arsenik
ve Kadmiyum intoksikasyon Olgularimin Tahmini

Oz

Amacg: Bu calismada, kontamine karaciger dokusu ile beslenen Lucilia sericata (Meigen, 1826) larvalarinda
arsenik (As) ve kadmiyum (Cd) tespiti icin Indiiktif Eslesmis Plazma-Kiitle Spektrometrisi (ICP-MS) temelli
bir analitik yontemin gelistirilmesi ve valide edilmesi ile beslenme ortami ve larvalardaki element
konsantrasyonlari arasindaki iligkinin degerlendirilmesi amaglanmistir.

Yontem: Farkli As ve Cd konsantrasyonlari ile kontamine edilen tavuk karacigeri temelli beslenme
ortamlarina yaklagik 100 L. sericata yumurtasi inokiile edilmis ve larvalar {i¢iincii evreye ulagincaya kadar
ii¢ giin inkiibe edilmistir. Larvalar nitrik asit ve hidrojen peroksit ile parcalanarak ICP-MS ile analiz
edilmisgtir. Kor larvalardan matriks uyumlu kalibrasyon egrileri hazirlanmis; yontem performansi
dogrusallik, LOD, LOQ, geri kazamim ile giin i¢i ve glinler arasi yeniden iiretilebilirlik agisindan
degerlendirilmistir.

Bulgular: Matriks uyumlu kalibrasyon egrileri her iki element i¢in 1-20 ng/mL araliginda dogrusal
bulunmustur. Geri kazanim degerleri As icin %94,33—-107,38, Cd icin %97,08-108,16 arasinda
belirlenmistir. Giin i¢i bagil standart sapma degerleri As i¢in %3,46-8,51, Cd igin %2,22-10,36
bulunmustur. As ve Cd’ye maruz kalan larvalarin ortalama uzunluklarinin kor gruba gore daha diisiik oldugu
gozlenmistir. Beslenme ortami ve larvalardaki element konsantrasyonlar1 arasindaki korelasyon katsayilari
As i¢in 0,677, Cd i¢in 0,902 olarak hesaplanmistir.

Sonug: Gelistirilen ICP-MS yontemi, L. sericata larvalarinda As ve Cd’nin dogru ve tekrarlanabilir gekilde
tespit edilmesini saglamigtir. Bulgular, larval element analizinin 6zellikle geleneksel biyolojik matrikslerin
bulunmadigy silipheli post-mortem zehirlenme olgularinda adli arastirmalara katki saglayabilecek
toksikolojik bilgi sunabilecegini gostermektedir.

Anahtar Sozciikler: Adli entomoloji, entomotoksikoloji, Lucilia sericata, ICP-MS, arsenik, kadmiyum.

Introduction

Entomology, as a branch of zoology, encompasses the study of insects and all related
circumstances. Forensic entomology, a specialized field within this discipline, examines
the developmental stages of various insect and arthropod species found on decomposed
cadavers, utilizing this information as auxiliary evidence in legal investigations'2. A
corpse is often of vital importance in solving a crime; however, specifics such as the time
and place of death, as well as substances the deceased might have been exposed to or
forcibly administered before death, might not always provide clear information.
Depending on the decay process and the available biological material, these questions
may sometimes remain unanswered. Studying insects on decaying bodies allows forensic
entomology to provide information that standard pathology, toxicology, and autopsy
methods cannot facilitate the work of justices.

Entomotoxicology, as a relatively new subdivision of forensic entomology, began in the
late 1970s. Insects obtained from a decomposing body can provide valuable information
for toxicological analyses through the organic and/or inorganic chemicals they contain4.
Sohal and Lamb's early investigations established how environmental circumstances
Istanbul Gelisim University Journal of Health Sciences (IGUSABDER) is indexed by TUBITAK ULAKBIM TR Index. 464

Web site: https://dergipark.org.tr/en/pub/igusabder
Contact: igusabder@gelisim.edu.tr



https://dergipark.org.tr/en/pub/igusabder
mailto:igusabder@gelisim.edu.tr

Istanbul Gelisim University Journal of Health Sciences (IGUSABDER), 30 (2026): 463-479.

influence the accumulation of metals in adult housefly tissues, including copper (Cu),
iron (Fe), zinc (Zn), and calcium (Ca)56. Phenobarbital was detected in 1980 for the first
time in fly larvae during toxicological analysis? while various drugs and toxins, including
benzodiazepines, barbiturates, methamphetamine, bromazepam, cocaine, pesticides,
mercury (Hg) etc., have been found in insect and larval tissues over the years8-14.

In 1982, Nuorteva and Nuorteva investigated Hg accumulation in fly larvae from the
Calliphoridae family for the first time's. Additionally, Nolte et al. proved that larvae
absorb chemicals from the bodies they feed on, making them a reliable source for
toxicological analyses in 199216, The ability of insects to detect drugs, narcotics, poisons,
and metals such as Cu, Fe, Zn, and Ca resulting from environmental exposure has also
been supported by research conducted by Amendt et al.?7.

Gunshot residues (GSR) were successfully analyzed in larvae, and significantly higher
concentrations of lead (Pb), barium (Ba), and antimony (Sb) were detected in larvae fed
on shot meat8. Studies on GSR also revealed that the larvae's entire life cycle was
prolonged by about 12 hours and their development rates were slowed down by the
presence of GSR in their food9. Furthermore, experimental firearm studies have
demonstrated that quantitative analysis of GSR elements (Sb, Ba, Pb) in L. sericata
larvae feeding on bullet-perforated tissues, performed by ICP-MS, can be used to
evaluate the relationship between shot number and elemental accumulation patterns=°.

Boulkenafet et al. examined the bioaccumulation of Hg and Cd in rabbit organs and
Chrysomya albiceps (Wiedemann, 1819) larvae. This study evaluates the accumulation
of these metals in rabbit organs following the application of Cd and cadmium chloride
(CdCl2), as well as in larvae that consume these organs. By using ICP-MS, significant
amounts of Cd and Hg have been found to accumulate in rabbit organs and larvae. This
implies the possible use of fly larvae as bioindicators of environmental pollutants in
forensic entomology and has significant implications for the ecological effects of heavy
metal exposure2!.

Depending on the degree of decomposition and their feeding patterns, insects have been
observed to inhabit cadavers in a certain order. L. sericata is one of the most studied
species and is important to forensic entomologists since it appears early in the insect
colonization of human remains2223. Post-Mortem Interval (PMI) can be estimated by
studying the growth rate of this species' larvae and how long they remain on corpses.
Important insights into recognizing GSR have also been gained from studies on L.
sericata.

The accumulation of Cd and thallium (TI) in different developmental stages of the fly L.
sericata—a significant species for forensic science—was investigated in a study by
Malejko et al. By determining the quantities of these metals in larvae, pupal shells, and
adult flies, the study seeks to assess the utility of these metals as toxicological evidence
in poisoning deaths. With the use of ICP-MS analysis, researchers were able to accurately
and sensitively identify Cd and Tl accumulation in the fly L. sericata at different stages
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of its life cycle. The outcome demonstrates that this species is a good choice for use as an
indicator in toxicological studies?2s.

In our research, we focused on As, a highly toxic metalloid known for both its acute and
chronic effects. As famously referred to as the king of poisons and the poison of kings, it
was a preferred and discreet poison among the elite during the Middle Ages and
Renaissance2627, Early scientific studies on As primarily investigated its use as a remedy
for fever, agues, and periodic headaches. However, its infamous reputation as a potent
poison undoubtedly led to further toxicological research. Since the first paper published
in 1786, there have been 32,346 reports and studies, most from the past few decades,
focusing on the toxicity and carcinogenicity of this International Agency for Research on
Cancer class I carcinogen28. An element that is constantly found in the air, soil, water,
plants, animals, and rocks is As. It is mostly released into the environment by forest fires,
volcanic eruptions, weathering, and rock erosion. Surprisingly, As is an essential element
in more than 200 distinct minerals. As a matter of fact, rocks and minerals contain 99
percent of As29. It is typically present in rock-forming minerals such as silicates,
phosphates, sulfides, and oxides, as well as sulfidic minerals like arsenopyrite, which are
primarily found in anaerobic environmentss°.

In order to diagnose As toxicity and clinical diseases associated with As, it is essential to
determine the extent of As exposure. Environmental exposure assessment data is
typically needed to confirm an exposure, even though biological monitoring data is also
highly valued as an objective measurement. When As enters the body by the digestive or
respiratory systems, it quickly transforms into over five distinct metabolites, which are
then eliminated through the urine. Although there are benefits and drawbacks to each
indicator, blood, urine, nails, and hair may all be signs of internal As exposures:.

The most reliable indicator of a recent exposure to elevated levels of As is blood. As levels,
due to the unique properties of the blood matrix, blood measurements are more
challenging to interpret than urine measures. Urine is known to be the best biomaterial
for detecting As exposure since most As species are excreted in it and can be quantified
there. Urine containing As may be a sign of exposure to As during the two to three days
priorst. However, a variety of confounding factors, such as sex, age, individual variation,
smoking, and dietary factors, make it difficult to examine the amounts of As in the
urine3233. As enters the body through the respiratory system or gastrointestinal tract and
then spreads widely in the body by mixing with the blood. It particularly accumulates
more intensively in tissues rich in keratin, such as skin, hair, and nails, compared to
bones and teeth. As ingested by the body is primarily metabolized in the liver and then
excreted through the urine by the kidneys34:35.

Cadmium (Cd), on the other hand, is among the metals with high toxicity levels for
humans and animals. Cd has entered the environment as a pollutant due to the quick
development of modern industries and technologies3®. Contaminated food, drink, and
air absorb it heavily. High Cd content has been found in crustaceans, bivalve mollusks,
oysters, cephalopods, and crabs. High concentrations of Cd have been found in oil seeds,
cocoa beans, liver, kidney, and certain wild mushrooms, among other offal productss”.
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Low-level Cd exposure harms the kidneys, liver, bones, and heart and causes vision and
hearing loss3s.

Only a few studies have evaluated the overall amount of Cd in the human body. The field's
pioneering work dates back to studies published in the late 1950s; Kjellstrom's 1979
summary is a great resource. Total body load and Cd turnover were previously measured
in individuals who had either undergone acute intoxication or long-term chronic
exposure to Cd. Thus, it was necessary to evaluate the amounts of Cd in a variety of
substances, such as food, feces, tobacco smoke, and tissues, including the kidney, liver,
muscle, blood, and pancreas39-4t. The most hazardous route of exposure to Cd metalloid
is through ingestion of its dust or inhalation of its fumes. Similar to As, Cd is metabolized
in the liver after exposure and then excreted from the body through the urine by the
kidneys42-43,

ICP-MS is an advanced analytical technique used for element analysis. This method is
preferred for efficiently detecting, identifying, and quantitatively measuring trace
elements across a broad spectrum of research fields, ranging from soil to environmental
samples, and from biological to forensic materials, in industries such as food, materials
science, chemistry, semiconductors, and nuclear44:45.

In this research, using the larvae of the L. sericata species, an analysis method based on
ICP-MS has been developed for the detection of As and Cd from the larvae. The primary
goal of the study is to explore the effects of various concentrations of As and Cd on the
growth and survival rates of the larvae and to elucidate the relationship between the
amounts of As and Cd detected in the feeding media and the larvae.

Material and Methods
Chemicals and Equipment

In this research, all chemicals and reagents were of analytical grade. For sample dilution
and digestion, a 65% (v/v) nitric acid solution was obtained from Merck Suprapur®.
Indium (In) and gallium (Ga) (1000 mg mL) as internal standards (ISs) were obtained
from Absolute Standards, Inc., Hamden, CT, USA. A certified calibration solution mix
(10 mg mL-1) and Hg (1000 mg mL-*) were purchased from High-Purity Standards,
Charleston, SC. To obtain the argon plasma, argon gas (>99.999% purity, Habas, Turkey)
was used for all measurements. A Thermo Fisher Scientific X Series-II ICP-MS system
(Bremen, Germany, 2008) equipped with a CETAC, ASX 520 (Omaha, Nebraska, USA)
autosampler was used. A microwave digestion was conducted with CEM Mars 5
(Matthews, NC, USA) equipped with temperature and pressure sensors. To obtain ultra-
pure water (18.2 MQ cm), a Millipore Direct-Q®3 UV purification system (Millipore,
Molsheim, France) was used.
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Validation Studies
Linearity and Calibration Curve

In this study, two separate calibration curves, including acid solution (2% HNO3) and
matrix-matched calibration solutions were established for the quantification of As and
Cd. Calibration solutions prepared in 2% HNOs3 solution were in the range of 0,1-100
(0.1,0.2,0.5,1, 2, 5, 10, 20, 50, 100) ng/mL, while matrix-matched calibration solutions
were in the range of 1-20 (1, 2, 5, 10, 20) ng/mL. Matrix-matched calibration points were
generated by spiking As and Cd in ascending concentrations to the blank larvae samples.
Each concentration point for both calibration studies was prepared three times. During
the analysis process, IS concentration was set to 20 ng/mL for each sample.

Detection Limit and Quantification Limit

To calculate the detection limit (LOD) and quantification limit (LOQ) values, the analysis
of 10 different blank calibration solutions was conducted to obtain their standard
deviations (SD). Subsequently, values were determined by taking three times the SD for
LOD and ten times for LOQ.

Recovery and Reproducibility

Reproducibility and recovery studies were conducted by spiking the blank larval matrix
with both analytes at concentrations of 1, 2, 5, 10, and 20 ng/mL, the experiment was
repeated 8 times for each sample. The average concentrations, SD, relative standard
deviation (RSD%), and recovery (REC%) were calculated using Microsoft Excel. For the
inter-day reproducibility test, three separate samples containing the same
concentrations were prepared for re-analysis on another day. The Student's t-test was
applied to compare intra-day and inter-day reproducibility, examining the statistical
significance at a 95% confidence interval and a p-value of 0.05.

Preparation of Samples

One kilogram of fresh chicken liver was commercially obtained from a local retail market.
The liver was cut into small pieces and homogenized using a blender until a uniform,
near-liquid consistency was achieved, ensuring the absence of solid tissue fragments. A
total of 1000 mL of distilled water was boiled. Subsequently, 40 g of agar-agar was added
to the boiling distilled water and stirred rapidly. The liquefied chicken liver was then
added to the water-agar mixture, and the entire mixture was further homogenized using
a blender. The prepared media was transferred into 1 L glass bottles, which were
sterilized in an autoclave at 121°C.

L. sericata eggs were counted under a microscope, with approximately 100 eggs selected
for each sample. The eggs were then inoculated onto culture media (40 mL each) that
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had been spiked with As and Cd at concentrations of 1, 2, 5, 10 and 20 ng/mL, along with
blank feeding medium.

They were incubated for 3 days to allow growth. For the larval length assessment, five
randomly selected larvae from each group were measured (n=5 larvae per group).
Sample tubes containing ‘third instar larvae’ (Fig. 1) portioned into 200, 100, and 50 mg
were added with 5 mL of 65% HNO3 and 2 mL of hydrogen peroxide (H202) to accelerate
the reaction and samples were digested in an oven at 95°C for one hour.

Figure 1. Representative image of third-instar L. sericata (Meigen, 1826) larvae
obtained after three days of incubation on chicken liver-based feeding media.

Samples were diluted to 20 mL using 2% HNO3 and mixed. A 1 mL aliquot of sample was
transferred into a 15 mL sample tube and diluted to 10 mL with ultra-pure water for ICP-
MS analysis.

Ethical Statement

The experimental model used in this study involved larvae of L. sericata, an invertebrate
species. According to the guidelines of the Istanbul University-Cerrahpasa Animal
Experiments Local Ethics Committee, studies involving invertebrates do not require
ethical approval. Chicken liver, also used as feeding media was commercially obtained
from a local retail market, and no animals were sacrificed specifically for the purposes of
this study.

Results

The calibration solutions prepared for As and Cd at increasing concentrations resulted
in linear calibration curves following ICP-MS analysis. The method's linearity studies
yielded two separate calibration curves. The first curve was acquired using a calibration
solution that did not contain a matrix, whereas the second was obtained using the
conventional addition procedure to the larval matrix. ICP-MS analysis of calibration
solutions with increasing As and Cd contents yielded linear calibration curves, as shown
in Table 1.
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Table 1. Linearity, LOD, and LOQ Values for As and Cd in Different Calibration Media.

Elements Calibration Linear Range RZ* LOD" LOQ"
Media (ng/mL) (ng/mL) (ng/mL)
2% HNO3" solution 0.1-100 0.02 0.08
As >0.999
Larvae matrix 1-20 0.059 0.132
2% HNOs3 solution 0.1 —100 0.003 0.01
Cd >0.999
Larvae matrix 1-20 0.027 0.067

* HNOs3: Nitric acid; LOD: Limit of Detection; LOQ: Limit of Quantification; R2:
Correlation coefficient

The results obtained from the repeatability analyses (n=8) for As at concentrations of 1,
2, 5, 10, and 20 ng/mL are shown in Fig. 2. REC% results of five spiked concentrations
varied between 94.33% and 107.38%, while RSD% values were found in the range of
3.46- 8.51%.

Figure 2. Intra-day repeatability results for As analysis in the larval matrix at 1, 2, 5,
10, and 20 ng/mL (n=8).
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The results and average values of the repeatability analyses (n=8) for Cd at
concentrations of 1, 2, 5, 10, and 20 ng/mL are shown in Fig. 3. The results of five
different REC% studies varied between 97.98% and 108.16%, while the RSD% values
were found to be between 2.22% and 10.36%. SD values were determined to be <0.51.
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Figure 3. Intra-day repeatability results for Cd analysis in the larval matrix at 1, 2, 5,
10, and 20 ng/mL (n=8).
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Inter-day repeatability analysis results and averages for different concentrations of As
have been calculated. The results of five different recovery studies show REC%, RSD%,
and SD values ranging, respectively, from 90.88% to 109.13%, 4.32% to 8.66%, and

<0.95.

Inter-day repeatability analysis results and averages for different concentrations of Cd
have been calculated. The results of five different recovery studies show REC%, RSD%,
and SD values ranging, respectively, from 87.50% to 102.90%, 2.6% to 10.32%, and
<0.48.

The average larval length was calculated by measuring five randomly selected third-
instar larvae from each blank, As-spiked, and Cd-spiked group (n=5) (Fig. 4).

Figure 4. Average length of third-instar larvae reared on blank, As-spiked, and Cd-
spiked feeding media (n=5 larvae per group).
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The graphical representation of the findings of As and Cd in larvae corresponding to the
concentrations of As and Cd in the feeding media is presented in Fig. 5 and Fig. 6. Within
the context of the obtained linearity formula, the correlation coefficients for As and Cd
have been determined to be 0.677 and 0.902, respectively.

Figure 5. Relationship between As concentration in the feeding media and As
concentration detected in L. sericata larvae.
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Figure 6. Relationship between Cd concentration in the feeding media and Cd
concentration detected in L. sericata larvae.
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Discussion

In a fatal case, a crime scene investigator's primary responsibility is to find evidence that
can be used to determine the cause of death and oversee its correct collection and
transfer. Determining the cause of death can be challenging in cases involving partial or
complete decomposition of the deceased body. In such circumstances, the interaction
between necrophagous insects and the decomposed body can reveal significant
information about the cause of death within the framework of entomotoxicology, which
provides an alternative approach in forensic investigations!6-46.

This study developed a method for analyzing fly larvae of the species L. sericata fed with
a food source contaminated by As and Cd. With this method, the growth rates, survival
percentages, and the extent to which larvae fed with food sources containing As and Cd
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at different concentrations contain these elements were determined, along with the
highest and lowest concentrations of As and Cd identified using ICP-MS.

Since there is no certified reference material developed for the larval matrix, recovery,
accuracy, repeatability (intra-day and inter-day), matrix effect, and linearity studies were
conducted using the standard addition method with blank larvae grown in a blank
feeding medium. Two separate calibration curves were generated using calibration
standards added to a 2% HNOs solution and the larval matrix, and in both linearity
studies, the correlation coefficients for As and Cd elements were found to be >0.999.

The study did not evaluate concentrations below 0.5 ug/mL for As and Cd. The ICP-MS
results at 0.5 ug/mL for both analytes were close to the LOQ values. Results from larvae
grown at lower concentrations were expected to fall below the LOQ value.

The linear range obtained from the calibration solutions was 0.1-100 ng/mL for As and
Cd, while the linear range obtained from the matrix-matched calibration curve was 1—20
ng/mL. Repeatability experiments revealed that RSD% values for 1, 2, 5, 10, and 20
ng/mL ranged from 3.46% to 8.51% for As and from 2.22% to 10.36% for Cd. The
obtained RSD% values show that the analysis is reproducible. The developed method was
shown to be repeatable and accurate, with RSD% values lower than 20% for all
concentrations of both elements. In recovery trials evaluating the efficiency of the sample
preparation procedure, REC% values for As at 1, 2, 5, 10, and 20 ng/mL were found to be
between 94.33% and 107.38%, while REC% values for Cd at the same concentrations
were between 97.98% and 108.16%.

Inter-day repeatability studies conducted on the same concentrations on different days
showed that there was no statistically significant difference for As (p>0.05; 95% CI),
while for Cd, statistically significant results were found at concentrations of 1 and 20
ng/mL (p<0.05; 95% CI). No significant difference was observed between the other
concentrations (p>0.05; 95% CI).

Temperature, humidity, feeding media composition, and egg transfer conditions are
among the factors that influence the larval growth curve4’. According to the body length
analysis study by Bugelli et al. on L. sericata larvae, the average larval length in the third
instar was determined to be 1.35 cm48. In another study, larvae grown on heart tissue
exhibited an average length ranging from 1.5 to 1.6 cm#9. In our study, the larvae reared
in the blank group had an average length of 1.16 cm. However, as shown in Fig. 4, larvae
fed with As and Cd exhibited a shorter length than this level, indicating that these toxic
elements have a negative impact on larval growth. Furthermore, the same figure
demonstrates a noticeable decrease in larval size as As and Cd concentrations increase,
leading us to conclude that higher concentrations of these elements also negatively affect
larval development. When larvae grown in media containing As and Cd were compared
to those grown in blank media containing no analytes, there was a statistically significant
difference between the Blank-As and Blank-Cd series (p<0.05). However, no significant
difference was observed between the As-Cd series. In light of these findings, both As and
Cd elements were found to produce a delay in the larval growth curve. In this regard, our
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findings are supported by a study that found Tl had a deleterious impact on the
development of L. sericatas°.

The quantities of As and Cd detected in the larvae provide a forensic basis for inferring
exposure to these toxic elements in the feeding media and, by extension, in decomposed
tissues when conventional biological matrices are unavailable. Previous
entomotoxicological studies have demonstrated that necrophagous larvae are capable of
absorbing and retaining xenobiotics from the tissues on which they feed, enabling
toxicological screening and interpretation in advanced decomposition cases!¢'7. While
early applications of entomotoxicology focused primarily on drugs and organic toxicants,
subsequent investigations have shown that inorganic elements can also be detected and
quantified in larvae using ICP-MS, particularly in the context of GSR analysis involving
Pb, Ba, and Sb8:4¢6,

More recent studies have expanded this framework to heavy metals, reporting
bioaccumulation of Cd and other elements across different developmental stages of L.
sericata and related blowfly species, with insect concentrations reflecting exposure levels
in the feeding media2-25. In the present study, Cd showed a stronger relationship between
the concentration in the feeding media and the concentration detected in larvae than As,
as indicated by the higher correlation coefficient obtained for Cd. This difference may be
associated with element-specific differences in accumulation and biological handling, as
well as with the effective exposure range observed in the experiment. Previous studies
have reported the accumulation and body burden of Cd in biological tissues, suggesting
that Cd may be retained more consistently after exposure 36:39-42. Therefore, Cd
concentrations detected in larvae may more closely reflect the concentrations present in
the feeding media. In contrast, it may show a less consistent relationship with the feeding
substrate due to differences in uptake, distribution, metabolism, and elimination
processes 2631, In addition, larval development was observed over a wider concentration
range for Cd, whereas As exposure allowed larval development only at lower
concentrations. This narrower effective exposure range for As may have contributed to
increased variability in larval As concentrations and, consequently, to the lower
correlation coefficient observed for As.

Taken together, these findings support the interpretation that the detection and
quantification of As and Cd in larvae can provide meaningful toxicological information
regarding ante-mortem exposure, particularly in cases where blood or soft tissues are no
longer available. This integrated interpretation, grounded in prior entomotoxicological
and inorganic analytical studies, reinforces the applicability of larval elemental analysis
as a complementary tool in forensic investigations of suspected poisoning. In real
forensic casework, the proposed approach may be particularly useful as a complementary
toxicological method in advanced decomposition cases, where conventional matrices
such as blood, urine, or internal organs may be unavailable, degraded, or unsuitable for
analysis'®?7. In such cases, necrophagous larvae collected from the body or the death
scene may provide alternative material for detecting inorganic toxic elements, especially
when analyzed by sensitive techniques such as ICP-MS=2%2546, However, larval elemental
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analysis should not be interpreted as a direct substitute for conventional toxicological
matrices. Element concentrations in larvae may be influenced by insect species,
developmental stage, feeding duration, tissue type, substrate heterogeneity,
environmental contamination, and element-specific toxicokinetic behavior. Therefore,
results should be interpreted together with scene findings, autopsy observations,
available tissue analyses, and environmental or blank controls. Further validation using
different tissues, decomposition stages, insect species, and realistic forensic scenarios is
needed before larval concentrations can be used for direct quantitative estimation of
ante-mortem exposure.

Conclusion

This study demonstrates that data obtained from larvae can provide valuable
information about the concentrations of substances present in the feeding media. The
analytical method developed and validated for the analysis of As and Cd in L. sericata
larvae stands out as an applicable method for the analysis of other inorganic elements as
well.

In conclusion, the ICP-MS-based method developed in this study enabled the detection
and quantification of As and Cd in L. sericata larvae with acceptable recovery,
repeatability, and reproducibility. The findings indicate that As and Cd exposure may
negatively affect larval development and that larval elemental concentrations,
particularly for Cd, may reflect the concentrations present in the feeding media.
Therefore, larval elemental analysis may contribute to the evaluation of rare post-
mortem poisoning cases, especially when conventional biological matrices are
unavailable.

It is suggested that this research be advanced by conducting further studies at various
concentrations and by developing feeding media using alternative experimental animal
models. This will contribute to the expansion of entomotoxicological research in forensic
sciences and may allow findings obtained from larvae to guide the elucidation of post-
mortem poisoning.
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