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ABSTRACT

In forensic toxicology and medico-legal death investigation, the accurate detection, identification, and quantitation of agricultural pesticides in postmortem visceral
matrices (stomach contents, liver, kidney, spleen, brain, and blood) are vital to establishing the cause and manner of death. However, toxicological casework
involving organophosphates, carbamates, synthetic pyrethroids, organochlorines, and herbicides is frequently compromised by pre-analytical delays. The interval
spanning biological death, autopsy dissection, evidence transit, and final toxicological extraction routinely extend from several days to months. During this
postmortem storage period, visceral specimens undergo profound tissue autolysis, microbial putrefaction, enzymatic hydrolysis, and non-enzymatic chemical
breakdown. This review synthesizes current scientific literature evaluating the impact of physical and environmental storage parameters on pesticide stability,
recovery, and instrumental detection in visceral tissues. Specifically, it examines: (1) temperature-dependent degradation kinetics across ambient (25°C—40°C),
refrigerated (4°C), frozen (-20°C), and ultra-low (-80°C) conditions; (2) biochemical mechanisms and analytical limitations of common forensic preservatives
(saturated sodium chloride, sodium fluoride, and rectified spirit); (3) postmortem putrefactive transformations, including the alkaline pH shift and biogenic amine
generation; (4) container sorption, headspace volatilization, and light sensitivity; and (5) modern chromatographic-mass spectrometric clean-up strategies necessary
to overcome matrix suppression and degradation artifacts. Organophosphorus pesticides (OPs) and carbamates are highly susceptible to temperature- and pH-
mediated ester hydrolysis. At ambient tropical temperatures, labile compounds such as dichlorvos, malathion, and carbofuran undergo rapid degradation, frequently
displaying half-lives (ti/2) of less than 24 to 72 hours, resulting in devastating false negatives. Microbial proliferation causes visceral pH to rise from slightly acidic
(~6.5) to markedly alkaline (8.5-9.2), accelerating base-catalyzed nucleophilic hydrolysis. Saturated sodium chloride (NaCl), historically standard in several
Commonwealth jurisdictions, preserves tissue primarily via osmotic desiccation, failing to denature intrinsic carboxylesterases and introducing severe salting-out
interferences in LC-MS/MS and GC-MS workflows. Conversely, sodium fluoride (1%-2% wi/v) effectively inhibits hydrolytic enzymes, while unadulterated cryo-
preservation at -20°C or -80°C remains the international benchmark. Pre-analytical degradation frequently results in false-negative toxicological findings or the
gross underestimation of lethal dosages in judicial proceedings. Toxicologists must incorporate targeted screening for stable terminal breakdown markers (e.g.,
dialkylphosphates, alkylphosphoric acids, TCPy, p-nitrophenol) and apply kinetic degradation models to properly interpret delayed visceral specimens.

Keywords: Forensic Toxicology, Viscera Storage, Pesticide Stability, Organophosphates, Carbamates, Degradation Kinetics, Postmortem Putrefaction,
Saturated Saline, LC-MS/MS, GC-MS/MS.

1. Introduction

Pesticides represent one of the most accessible and lethal categories of chemical xenobiotics globally. The World Health Organization (WHO) estimates
that acute deliberate self-poisoning accounts for upwards of 150,000 deaths annually, predominantly in agricultural communities across Southeast Asia,
Central America, and Sub-Saharan Africa (Mew et al., 2017; Eddleston, 2019). Beyond self-harm, accidental occupational poisonings and homicidal
administrations represent persistent challenges in medico-legal death investigation (Dhingra et al., 2014).

During a medico-legal autopsy, forensic pathologists routinely harvest visceral organs to identify absorbed and unabsorbed poisons: 1. Stomach and
Contents: The immediate repository of unabsorbed oral poison formulations. 2. Liver Parenchyma (approx. 500 g): The primary metabolic organ, rich
in biotransformation enzymes. 3. Kidneys (half of each kidney): The primary systemic excretory pathway. 4. Brain Tissue: A lipophilic organ protected
by the blood-brain barrier, providing critical analytical value for lipophilic neurotoxins in decomposed cases. 5. Peripheral Blood and Urine: Essential
fluids for calculating systemic toxic concentrations and pharmacokinetic clearance (Behera et al., 2011; DFSS, 2021).

The chronological journey of a visceral evidence specimen encompasses three distinct phases, each carrying acute risks of chemical decomposition: *
The Postmortem Interval (PMI, to — t_autopsy): Prior to morgue intake, unrefrigerated corpses undergo rapid algor and livor mortis, progressing into
autolysis and enteric bacterial putrefaction. * Packaging and Transit (t_autopsy — t_reception): Following excision, organs are placed in containers
with or without preservatives and transferred to law enforcement for transit to Forensic Science Laboratories (FSLs). In many jurisdictions, transit occurs
at ambient tropical temperatures (30°C—42°C) without cold-chain infrastructure, spanning days or months. * Laboratory Holding (t_reception —
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t_extraction): Due to high casework backlogs, samples may sit in cold rooms (4°C), standard freezers (-20°C), or ambient receiving bays for weeks
before extraction (Tsatsakis et al., 1996; Sitaramiah et al., 2007). Pre-analytical pesticide dissipation generates severe forensic dilemmas. In numerous
instances, a decedent displays classical antemortem cholinergic symptoms (pinpoint pupils, excessive secretions, fasciculations) and autopsy findings
(solvent odors, visceral congestion), yet the chemical analysis certificate reports: “No poison detected” (Gargi et al., 2008). This analytical failure can
collapse homicide prosecutions, deny insurance claims, or misdirect criminal inquiries. Furthermore, when degraded pesticide levels appear sub-lethal,
defense counsel routinely argues that measured quantities reflect incidental agricultural exposure rather than a lethal suicidal or homicidal dose (Paterson,
2008; Bogusz, 2000).

2. Susceptibility Across Pesticide Chemical Classes

The stability of pesticides in postmortem visceral tissues is governed by their molecular architecture, chemical functional groups, and thermodynamic
susceptibility to biological and abiotic breakdown.

2.1 Organophosphorus Pesticides (OPs)

Organophosphates (e.g., chlorpyrifos, malathion, dichlorvos, diazinon, dimethoate) are esters of phosphoric, phosphonic, or phosphorothioic acids that
irreversibly inhibit acetylcholinesterase (AChE).

. Hydrolysis of P-O and P-S Bonds: The electrophilic central phosphorus atom is highly susceptible to nucleophilic attack by water and
hydroxide ions (OH"), cleaving the phosphoester bond:

(RO):P(=X)Y + H:0 —[ k_h |~ (RO):P(=X)OH + HY

where X is oxygen (oxons) or sulfur (thionates), and Y is the leaving group. Dimethyl phosphate esters (e.g., dichlorvos, dimethoate) possess
significantly less steric hindrance than diethyl esters (e.g., chlorpyrifos, diazinon), exhibiting hydrolysis rate constants 3 to 10 times higher in
tissue homogenates (Martinez et al., 2004; Sitaramiah et al., 2007).

. Carboxylic Ester Cleavage: Compounds bearing secondary carboxylic ester linkages, notably malathion, undergo dual-pathway breakdown.
In addition to phosphorus ester cleavage, active hepatic carboxylesterases rapidly cleave the ethyl ester side chains, converting malathion to
malathion monocarboxylic acid (MCA) and dicarboxylic acid (DCA), leaving negligible intact parent compound in unpreserved liver within
48 to 72 hours (Bogusz, 2000; Fuke et al., 2002).

e  Thiono-to-Oxon Conversion: Phosphorothioates (P=S) undergo oxidative desulfuration in biological matrices mediated by residual
microsomal oxidases and bacterial flavins, generating active oxons (P=0). Although oxons represent the active toxic moiety, their vulnerability
to spontaneous chemical hydrolysis is orders of magnitude greater than that of parent thionates, accelerating overall analyte destruction
(Tsatsakis et al., 1996).

2.2 Carbamate Insecticides

N-methyl and N, N-dimethyl carbamates (e.g., carbofuran, propoxur, carbaryl, methomyl) are esters of carbamic acid that reversibly carbamylate AChE.
They represent one of the most thermolabile and hydrolytically unstable pesticide families encountered in forensic casework.

Carbamate degradation is governed by base-catalyzed hydrolysis of the carbamate ester linkage:

RiNHCOO-Ar + OH" — RiNH: + CO: + ArOH

The reaction yields the parent phenol (e.g., carbofuran-7-phenol; 2-isopropoxyphenol), carbon dioxide, and an aliphatic amine. In putrefying viscera
where alkaline conditions prevail (pH > 8.0), carbamate hydrolysis accelerates exponentially, exhibiting a tenfold rate increase for every single unit rise
in pH. Consequently, carbamates stored at ambient temperatures without preservation frequently undergo complete loss within 3 to 7 days (Sharma et al.,
2012; Wang et al., 2019).

2.3 Organochlorine Pesticides (OCs)

Organochlorines (DDT, lindane, endosulfan, aldrin, dieldrin) are poly-chlorinated, highly lipophilic molecules. Although largely banned under
international conventions, obsolete stocks and illegal applications cause recurrent fatalities.

. Stability vs. Reductive Transformation: OCs exhibit high chemical resistance to aqueous hydrolysis. However, under the anaerobic reducing
conditions of decomposing viscera, facultative and obligate anaerobic bacteria facilitate reductive dechlorination (e.g., biotransforming p,p’-
DDT to p,p’-DDD) (Paterson, 2008).

. Endosulfan Isomerization: Commercial endosulfan comprises a- and p-isomers. In biological tissues, a-endosulfan is thermochemically less
stable and readily oxidizes into endosulfan sulfate (an equally neurotoxic metabolite) or degrades under bacterial action into endosulfan diol,
ether, and lactone (Sachan et al., 2013).
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2.4 Synthetic Pyrethroids and Other Herbicides

. Synthetic Pyrethroids (Cypermethrin, Deltamethrin, Fenvalerate): Possess lipophilic ester structures susceptible to cleavage by tissue
and bacterial carboxylesterases into cyclopropanecarboxylic acids and 3-phenoxybenzaldehyde. Furthermore, their extreme lipophilicity (log
Kow > 5.5) causes rapid passive adsorption onto the walls of plastic storage jars, depressing extraction yields (Vidal et al., 2016).

. Bipyridylium Herbicides (Paraquat): Chemically stable across acidic and neutral regimes, resisting microbial breakdown. However,
paraquat binds tenaciously to biological proteins and glass surfaces through cationic exchange, requiring acid digestion for complete recovery
(Jones et al., 2014).

. Metal Phosphides (Aluminum/Zinc Phosphide): Release highly volatile phosphine gas (PHs) upon contact with gastric moisture:
AIP + 3 H.O — AI(OH)s + PHs 1

In unsealed or loose visceral jars, phosphine rapidly volatilizes into the headspace or oxidizes into hypophosphite and phosphate salts within
24 to 48 hours, rendering postmortem detection challenging unless airtight headspace methods are applied immediately (Singh et al., 2016).

3. Primary Storage Variables and Environmental Modifiers

Pesticide degradation during postmortem storage is dictated by four interdependent parameters: temperature, chemical preservatives, putrefactive matrix
transformations, and container characteristics.

3.1 Temperature Regimes and Kinetic Acceleration

Degradation Kkinetics follow the classical Arrhenius equation:
k=A-exp(-E_a/(R - T))
where k is the rate constant, E_a is the activation energy, R is the universal gas constant, and T is temperature in Kelvin.

e  Ambient Tropical Storage (25°C—40°C+): Accelerates enzymatic velocity and bacterial proliferation. Labile OPs and carbamates in
unpreserved tissues exhibit half-lives of merely 12 to 48 hours at 37°C (Martinez et al., 2004).

e  Refrigeration (4°C): Significantly attenuates bacterial growth and slows enzymatic action. However, abiotic chemical hydrolysis continues,
resulting in 20% to 50% loss of labile pesticides over 14 to 30 days.

. Frozen Storage (-20°C): Halts microbial metabolism and immobilizes liquid diffusion, preserving most pesticides for 3 to 12 months.

. Ultra-Low Cryopreservation (-80°C): Arrests virtually all molecular movement and chemical degradation, maintaining analyte stability for
years; it represents the gold standard for toxicological bio-banking (Wang et al., 2019).

. Freeze-Thaw Cycles: Repeated thermal cycling ruptures cellular lysosomes and mitochondria through ice-crystal shearing, releasing
concentrated hydrolytic enzymes that rapidly destroy pesticides upon sample thawing (Sharma et al., 2012).

3.2 Chemical Preservatives: Mechanisms and Analytical Implications

e  Saturated Sodium Chloride (Saturated Saline): The statutory standard in Indian forensic practice and several Commonwealth jurisdictions
(DFSS, 2021). Saturated NaCl (~36 g/100 mL H:O) acts via osmotic dehydration, plasmolyzing bacteria and preventing putrefaction.
However, hypertonic salt does not inactivate pre-existing intracellular esterases, allowing enzymatic hydrolysis to proceed at ambient
temperatures. Furthermore, extreme salt burdens cause severe emulsion formation in liquid-liquid extraction (LLE), block solid-phase
extraction (SPE) sorbents, and produce catastrophic electrospray ionization (ESI) ion suppression in LC-MS/MS (Paterson, 2008; Behera et
al., 2011).

. Sodium Fluoride (NaF, 1%-2% wi/v): Widely utilized in Western protocols for biological fluid preservation. Fluoride inhibits microbial
enolase and acts as an effective inhibitor of mammalian carboxylesterases and phosphatases, preserving >80% to 90% of parent OPs and
carbamates for up to 60 days under refrigeration (Martinez et al., 2004).

. Rectified Spirit (95% Ethanol): Precipitates proteins and denatures enzymes, but is strictly contraindicated whenever volatile organic
poisons, alcohols, or petroleum hydrocarbons are suspected. It also co-extracts dense lipids and pigments that complicate chromatography.

. Formalin Contamination (The Fatal Error): Immersion of toxicological viscera in 10% neutral buffered formalin (formaldehyde) is a
catastrophic error. Formaldehyde cross-links tissue proteins, trapping toxicants, and directly reacts with organophosphates and carbamates via
nucleophilic attack and oxidative degradation. Analyte recoveries drop to zero within 48 to 96 hours (Gargi et al., 2008; Sharma et al., 2012).
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3.3 Postmortem Putrefaction and Alkaline Matrix Transformation

When visceral specimens are stored without refrigeration or bactericidal preservation, saprophytic bacteria (Clostridium, Escherichia, Proteus) proliferate
rapidly: 1. Alkaline pH Shift: Initial postmortem anaerobic glycolysis causes transient lactic acidosis (pH 6.2-6.8). However, as bacterial putrefaction
advances, the extensive deamination of amino acids generates large quantities of ammonia (NHs) and ammonium bases, driving tissue pH upward to pH
8.2-9.2. This alkaline environment dramatically accelerates base-catalyzed hydrolysis of ester-containing OPs and carbamates (Paterson, 2008;
Sitaramiah et al., 2007). 2. Biogenic Putrefactive Amines: Decarboxylation of amino acids yields high concentrations of biogenic amines: - Lysine —
Cadaverine (1,5-diaminopentane) - Ornithine — Putrescine (1,4-diaminobutane) - Tyrosine — Tyramine

These basic diamines co-extract with basic/neutral pesticides, causing chromatographic peak tailing in GC-MS and devastating electrospray ion
suppression (>80%) in LC-MS/MS (Bogusz, 2000).

3.4 Container Materials, Headspace, and Photodegradation

e  Container Sorption: Non-polar pesticides (synthetic pyrethroids, organochlorines; log Kow > 5) rapidly adsorb onto the walls of polyethylene
(PE) and polypropylene (PP) jars, depleting measurable residues by 30% to 60% over prolonged storage. Additionally, plasticizers (phthalates,
DEHP) leach into specimens, generating massive interfering GC-MS peaks at m/z 149 (Vidal et al., 2016).

e  Headspace Volatility: Large jar headspaces promote the volatilization of high vapor-pressure pesticides (dichlorvos, phorate, phosphine) and
allow atmospheric oxygen to drive oxidative desulfuration of phosphorothioates.

e  Photolysis: Direct light exposure induces free-radical photolytic cleavage and somerization in pyrethroids and carbamates, necessitating
amber glass containers (Singh et al., 2016).

4. Visceral Matrix-Specific Degradation Dynamics

Pesticide degradation rates vary substantially across anatomical tissues due to differences in endogenous enzymes, lipid composition, and bacterial
colonization:

. Stomach and Contents: Maintains an acidic environment (pH 1.5-3.0) that chemically shields organophosphates, carbamates, and
pyrethroids from base-catalyzed hydrolysis. Furthermore, massive concentrations of unabsorbed formulation ensure measurable parent
compound persists despite surface decay (Dhingra et al., 2014).

. Liver Parenchyma: Contains the highest physiological density of carboxylesterases, paraoxonases, and Cytochrome P450 enzymes.
Postmortem enzymatic autolysis proceeds rapidly, resulting in the shortest pesticide half-lives among solid viscera. Dense triglycerides and
phospholipids also form persistent emulsions during extraction (Bogusz, 2000).

. Kidney and Spleen: Characterized by intermediate autolytic rates and lower lipid content. Kidneys serve as the premier repository for polar
biotransformation metabolites (alkylphosphates, glucuronides), providing a dependable confirmatory matrix when liver tissue is putrefied
(Behera et al., 2011).

e  Brain Tissue: Enclosed in the protective cranial vault, brain tissue is insulated from early enteric microbial colonization. Its dense structural
lipids (myelin) serve as a protective reservoir for lipophilic neurotoxins (chlorpyrifos, DDT, pyrethroids), frequently allowing successful
analyte recovery in delayed or exhumed cases where abdominal organs are liquefied (Paterson, 2008).

. Postmortem Redistribution (PMR) vs. Ex Vivo Decay: Toxicologists must distinguish antemortem diffusion from posthumous artifact.
Unabsorbed poison in the stomach can passively diffuse postmortem into the adjacent left liver lobe before autopsy. Conversely, extended
room-temperature storage in the specimen container systematically degrades that poison, distorting the measured concentration (Tsatsakis et
al., 1996).

5. Degradation Kinetics and Empirical Stability Synthesis

Pesticide loss in stored visceral matrices follows first-order or pseudo-first-order kinetics:
C_t=Co- exp(-k - t), t//2=In(2) / k= 0.693 / k

where Co is the initial concentration at autopsy, C_t is the concentration remaining at time t, and k is the apparent degradation rate constant (days™).
5.1 Comparative Empirical Stability Matrix

The following multi-compound matrix synthesizes peer-reviewed empirical stability data across major pesticide classes under varying thermal and
preservative conditions:
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Pesticide

Compound

Chemical
Class

Storage
Temp.

Chemical
Preservative

Half-Life (ti/2)

30-Day
Recovery (%)

Key
References

Dichlorvos OP (Dimethyl | Liver/Blood 37°C 4°C - None 14-28hrs 6 <2% 18% — Sitaramiah et

(DDVP) phosphate) 20°C Saturated —12 days > 32% 82% — al. (2007);
NaCl NaF 90 days 94% Paterson
(1%6) (2008)

Malathion OP Liver 25°C-35°C None 18-36 hrs 8 0% — 5% Martinez et
(Dithiophosph | homogenate 4°C -20°C Saturated —14 days > 25% — 40% al. (2004);
ate / Ester) NaCl NaF 180 days 88% — 96% Bogusz (2000)

(1.5%)

Chlorpyrifos OP (Diethyl Liver/ 30°C 4°C - None 4 -7 days 28 8% — 15% Sachan et
phosphorothio | Stomach 20°C Saturated — 45 days > 55% — 68% al. (2013);
ate) NaCl NaF 365 days 92% - 98% Tsatsakis et

(1%) al. (1996)

Dimethoate OoP Liver / Kidney | 37°C 4°C - None 20-40hrs 10 | <5% 22% — Sharma et
(Phosphorodit 20°C Saturated - 16 days > 35% 85% — al. (2012);
hioate) NaCl None 120 days 92% Paterson

(2008)

Carbofuran Carbamate Liver 30°C 4°C - None (pH 8.5) | 36-72hrs 15 | 0% —4% Wang et

(N-methyl) parenchyma 20°C Acidified (pH | —22 days > 62% — 74% al. (2019);
4) None 150 days 90% - 95% Sharma et
al. (2012)
Propoxur Carbamate Stomach 35°C 4°C - None 48-96 hrs 18 | 2% - 8% Sitaramiah et
(N-methyl) contents 20°C Saturated — 28 days > 40% — 52% al. (2007);
NaCl NaF 180 days 89% — 96% Jones et
(1%) al. (2014)
a-Endosulfan | Organochlori Liver/ 25°C -35°C None 12 — 20 days 35% — 50% Sachan et
ne Adipose 4°C -20°C Saturated 60 — 90 days 75% — 85% al. (2013);
(Cyclodiene) NaCl None > 2 years 96% — 100% Paterson
(2008)

Cypermethrin | Synthetic Liver / Brain 30°C 4°C None None 6 —10days 20 | 12% - 25% Vidal et

Pyrethroid (Plastic) - (PP jar) None | —35days > 38% — 50% al. (2016);
20°C (Glass) (Glass) 300 days 91% - 97% Wang et
al. (2019)
Paraquat Bipyridylium Stomach / 25°C-37°C None >90days >1 | 80% —90% Jones et
Herbicide Kidney 4°C -20°C Saturated year >3years | 92% —97% al. (2014);
NaCl None 98% — 100% Dhingra et
al. (2014)
Phosphine Inorganic Gas | Stomach 25°C (Loose) None None 2-6hrs 24— | 0% 0% -5% | Singhet
(PHs) (Phosphide) contents 4°C (Airtight) | None 48 hrs 7-14 30% — 45% al. (2016);
-20°C days Behera et
(Airtight) al. (2011)

6. Analytical Detection, Matrix Clean-Up, and Artifact Differentiation

Extracting and quantifying trace pesticide residues from putrefied, lipid-laden, or salt-saturated viscera demands specialized sample preparation
workflows to avoid severe instrumental contamination and signal suppression.
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6.1 Sample Clean-Up Strategies

. Modified QUEChERS for Salted Viscera: Standard Liquid-Liquid Extraction (LLE) using dichloromethane or ethyl acetate creates
intractable emulsions in saline-preserved tissues. Modified QUEChERS protocols homogenize tissue with cold acetonitrile and water, inducing
phase separation with anhydrous magnesium sulfate (MgSOs) and sodium chloride. Dispersive solid-phase extraction (d-SPE) using Primary
Secondary Amine (PSA) and end-capped C18 bulk sorbent simultaneously captures organic acids, pigments, and fatty acids without phase
emulsification (Vidal et al., 2016; Wang et al., 2019).

. Lipid Cryo-Precipitation: Reconstituted extracts are chilled to -20°C for 2 hours; insoluble cholesterol and triglycerides precipitate out of
acetonitrile and are removed via cold centrifugation, preventing chromatographic column deterioration (Bogusz, 2000).

e Acidic Back-Extraction: Washing the organic phase with 0.1 M HCI forces positively charged biogenic amines (cadaverine, putrescine) into
the aqueous layer, while neutral pesticides remain cleanly in the organic phase.

6.2 Instrumental Platforms

e  GC-MS/MS: The analytical standard for volatile and thermally stable pesticides (organochlorines, phosphorothioates, synthetic pyrethroids).
Operating in electron ionization (EI) multiple reaction monitoring (MRM) mode, tandem mass spectrometry filters out endogenous visceral
background noise.

e  LC-MS/MS: Essential for thermolabile and polar compounds (carbamates, oxons, paraquat) that decompose in hot GC inlet ports (250°C—
280°C). Electrospray ionization (ESI) tandem mass spectrometry provides femtogram-level sensitivity without thermal stress (Wang et al.,
2019).

e  High-Resolution Mass Spectrometry (LC-Q-TOF-MS): Enables untargeted screening and accurate mass measurement (<2 ppm error) to
identify unexpected degradation products and novel agricultural formulations (Paterson, 2008).

6.3 Distinguishing Antemortem Metabolism from Postmortem Artifacts

Forensic toxicologists must frequently defend their findings in court against claims that detected compounds arose from postmortem artifacts: 1. Phase
11 Glucuronide Conjugates: Hepatic UDP-glucuronosyltransferases (UGTSs) synthesize glucuronide conjugates solely during active life. Identifying
glucuronidated metabolites (e.g., p-nitrophenyl glucuronide) unequivocally proves antemortem absorption and active metabolism. 2. Dialkylphosphates
(DAPs): In decomposing tissue where parent Ops have degraded, detecting dialkylphosphates (DMP, DMTP, DMDTP, DEP, DETP, DEDTP) confirms
organophosphate exposure, though quantitation cannot distinguish ingested parent OP from ingested degraded residues unless accompanied by
compound-specific phenolic leaving groups (e.g., TCPy) (Dhingra et al., 2014). 3. Chiral Enantiomeric Signatures: Mammalian hepatic enzymes
degrade chiral pesticides stereoselectively, skewing enantiomeric ratios. Conversely, postmortem chemical hydrolysis is abiotic and non-stereoselective;
an altered enantiomer ratio serves as evidence of antemortem hepatic processing (Vidal et al., 2016).

7. Forensic Quality Assurance and Best-Practice Recommendations

To prevent analytical failures and maintain evidence admissibility, international forensic bodies (SOFT/AAFS, TIAFT, DFSS India) mandate strict quality
assurance protocols for visceral evidence.

7.1 Recommended Cold-Chain Protocol
1.  Container Selection: Harvest organs into certified pesticide-free, wide-mouthed amber borosilicate glass jars fitted with PTFE/Teflon-lined

caps. Amber glass prevents photolytic breakdown, eliminates plasticizer contamination, and blocks lipophilic pyrethroid sorption.

2. Preservation Priority: Where refrigeration is accessible, freeze specimens immediately at -20°C or -80°C without chemical additives.
When ambient transport is unavoidable in tropical rural regions, utilize saturated sodium chloride (ensuring excess crystals remain at the
bottom) or 1.5% NaF, and provide an identical preservative blank.

3. Headspace Control: Fill containers to 90% capacity to suppress volatilization of phosphine, dichlorvos, and phorate while preventing freezing
expansion fractures.

4.  Aliquot Partitioning: Upon laboratory intake, homogenize viscera under cold conditions and divide into separate working aliquots before
freezing to eliminate damaging freeze-thaw cycles during re-testing (DFSS, 2021; Paterson, 2008).
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7.2 Evidence Admissibility and Courtroom Defense

Refuting De Novo Synthesis Claims: Defense counsel frequently argues that detected pesticides were synthesized de novo by decomposing
bacteria. Toxicologists must present empirical kinetic data demonstrating that complex phosphorothioate, carbamate, or chlorinated rings
cannot be formed de novo by saprophytic bacteria.

Accounting for Concentration Losses: When quantitative levels appear below lethal thresholds despite classical poisoning pathology,
toxicologists must apply validated first-order degradation models to calculate original concentrations at the time of death (Behera et al., 2011;
Zumwalt & Bost, 2009).

8. Conclusion

Pre-analytical storage conditions represent the single most decisive factor determining pesticide recovery from postmortem viscera. Ambient
temperatures, bacterial putrefaction, alkaline pH shifts, improper container materials, and delayed transit trigger rapid chemical cascades that destroy
parent compounds and compromise judicial justice.

Practical Checklist for Forensic Pathologists and Toxicologists:

e Absolute Exclusion of Formalin: Strictly prohibit formalin or histological fixatives from all toxicological evidence.
e  Cold-Chain Maintenance: Store and transport specimens at <-20°C (ideally -80°C) whenever feasible.

. Preservative Application: If refrigeration is unavailable, use saturated NaCl with visible excess salt or 1.5%-2% NaF; always
submit a preservative control blank.

e Acidification for Carbamates: Where carbamate poisoning is suspected, acidify a dedicated tissue homogenate to pH 4.0 to block
base hydrolysis.

e Amber Glass Containers: Use PTFE-capped amber glass containers to eliminate plastic sorption, phthalate leaching, and
photolysis.

. Headspace Reduction: Fill jars to ~90% capacity to prevent volatilization of volatile toxins.

e  Screening for Stable Markers: Systematically screen for stable breakdown products (DAPs, TCPy, p-nitrophenol, endosulfan
sulfate) in decomposed samples.

. QUEChERS & LC-MS/MS Deployment: Utilize modified QUEChERS and tandem mass spectrometry to eliminate severe
putrefactive matrix suppression.
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