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one cAse oF drowning AFter cyFluthrin ingestion

Abstract: this work reports a case, involving a 47-year-old Portuguese male found dead in 
a river. near the victim clothes the authorities found two bottles containing a toxic 
product identified as cyfluthrin. cyfluthrin is a synthetic pyrethroid insecticide that 
exerts its poison action through contact or ingestion. 
toxicological analyses were performed in blood, gastric content and in the bottles. 
samples preparation was achieved using solid phase extraction and the extracts obtained 
were analysed by Gc/ms. 
cyfluthrin was found in the gastric content and in the extract obtained after washing 
the bottles with a solvent. 
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Introduction

cyfluthrin is a pesticide belonging to the class of synthetic pyrethroids, which are 
a major class of pesticides, a group of chemicals that entered the marketplace in 1980 
but, by 1982, accounted for more than 30 percent of worldwide insecticide usage [1,2]. 
these synthetics arise from a much older class of botanical insecticides, pyrethrum, a 
mixture of six insecticidal esters extracted from dried pyrethrum or chrysanthemum 
flowers. the ever-increasing demand for this product has far exceeded the limited 
world production, leading chemists to focus attention on the synthesis of new analogs, 
hopefully with better stability in light and air, better persistence, more selectivity in 
target species, and low mammalian toxicity [2,3]. In addition to extensive agricultural 
use, the synthetic pyrethroids are components of household sprays, flea preparations 
for pets, plant sprays for home and greenhouse use, and other applications. natural 
pyrethrum consists of a mixture of six esters derived from two acids (chrysanthemic, 
pyrethric) and three alcohols (pyrethrolol, cinerolol, jasmolol), producing an effective 
contact and stomach poison mixture having both knockdown and lethality [2-5]. 

Pyrethroids’ action as insecticide includes effects in sodium channel mechanism 
in the nervous system leading to disturbance of membrane polarization and abnormal 
discharges in neurons. Insects become paralyzed and die by dehydration and starvation. 
Pyrethroids can also act on isoforms of voltage-sensitive calcium channels, contributing 
to the discharge of neurotransmitters. this can lead to salivation and excitability in 
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the central nervous system. Also chloride channels and possibly potassium channels 
can be involved [6,7]. Pyrethroids are divided in type I, with t-syndrome (tremors), 
and type II, with cs-syndrome (choreoathetosis with salivation). cyfluthrin is a type 
II pyrethroid, based on functional observatory battery data. In humans, pyrethroids’ 
intoxication effects can include nauseas, loss of appetite, paresthesias, irritations of 
the skin and mucosa and headaches. neurological effects can be seen after consuming 
foods with residues of cyfluthrin or exposed to applications [7-12]. Animal studies 
showed that symptoms can include beyond salivation, unusual hindlimb movements 
and body tremors. cyfluthrin has a nearly full and quick absorption by ingestion or 
inhalation. Possibly because cyfluthrin does not accumulate in chronic exposures, the 
neurotoxicity is reversible and the effects are similar at maximum blood concentrations, 
the WHo/FAo established a chronic acceptable daily intake based on an acute dosing 
study [12]. 

cyfluthrin is a (RS)-α-cyano-4-fluoro-3-phenoxybenzyl-(1RS)-cis-trans-3-(2,2-
dichlorovinyl)-2,2-dimethyl-cyclopropane carboxylate (figure 1), being metabolized by 
esterases in cis- and trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic 
acid (DccA) and 4-fluoro-3-phenoxybenzoic acid (FPBA), which are partially 
conjugated and eliminated by the kidneys [13].

Case History

A 47-year-old Portuguese male was found dead under water in a river. Authorities 
collected the victim clothes and two plastic bottles from the river bank, one containing 
a white pink liquid and the other identified as Baythroid® - cyfluthrin (figure 2). At 
the autopsy the samples collected were femoral blood and gastric content. Requested 
analyses included ethanol, drugs of abuse and pesticides. 

Material and Methods

Reagents and materials

ethion, used as internal standard (Is), was purchased from sigma Aldrich (st. 
Louis, mo). methanol and hexane were obtained from merck (Darmstadt, Germany). 
stock solution of internal standard was prepared in hexane at 1000 µg/mL. Working 
solutions were prepared at 100 µg /mL by diluting stock solution with hexane. All 
solutions were kept protected from light and stored at 4ºc until use. other reagents 
used were all analytical grade.

solid-phase extraction (sPe) oasis® HLB (60 mg) columns were obtained from 
Waters (milford, mA). Deionized water was obtained using a milli-Q system from 
millipore (molsheim, France).
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Sample preparation

to a 2 mL blood sample and 0,5 mL of stomach content it was added 5 µg of 
the Is. samples were diluted with 3 and 5 mL of deionized water, respectively, after 
being homogenized and centrifuged at 3000 rpm for 10 minutes. 

Extraction procedure 

sPe columns were conditioned with 2 mL of methanol and 2 mL of deionized 
water. After samples were applied the columns were washed successively with 2 mL 
of 5% methanol:water (v/v), and then dried under vacuum for 30 minutes. the 
substances of interest were eluted with 2 mL of methanol and 2 mL of ethyl acetate. 
subsequently, the eluate was evaporated to dryness under a gentle stream of n2 at 
40°c. the residue obtained was reconstituted in 100 µL of methanol.

Instrumentation and chromatographic conditions 

Instrumental analysis was performed using a Hewlett-Packard 6890 series gas 
chromatograph coupled to a 5973 mass selective detector (Waldbronn, Germany). 
chromatographic separation was achieved using a capillary column (30 m × 0.32 mm 
id × 0.25 µm film thickness) with 5% phenylmethylsiloxane from Agilent. carrier gas 
was helium with a flow rate of 1 mL/min. Volume injection was 1 µL (split ratio 1:5). 
the oven was programmed to an initial temperature of 120 ºc held for 2 minutes, 
increased by 5 ºc/min to 240 ºc and then 30 ºc/min to a final temperature of 270 
ºc, held for 20 minutes. the detector was operated in the eI mode (70 eV), and the 
monitored ions were m/z 163, 206 and 226 for cyfluthrin and m/z 231 and 153 for Is.

Results and Discussion

upon reception the samples were screened for ethanol and drugs of abuse in blood 
and pesticides in blood and in the gastric content. A positive result was obtained for 
cyfluthrin in the gastric content (figure 3).

Along with the samples, two bottles were received for analysis. the inside of the 
bottles was washed with methanol which was then analyzed by Gc/ms giving also a 
positive result for cyfluthrin at both bottles (figure 4).

In the chromatograms (figures 3 and 4) we can observe the four diastereoisomers 
peaks obtained after analysis of the active substance as well as their mass spectrum.

As it can be observed from the analysis of chromatograms, the quality of the 
results (e.g. separation, capacity of detection) can be significantly improved with the 
use of a chromatographic column which is more appropriate to the characteristics 
of the substance involved. However, the variety of substances that can be detected 
in the routine of a forensic toxicology laboratory recommends the use of universal 
analytical columns, which obviously can not produce the best results with certain 
compounds in particular.

Due to the low mammalian toxicity, the mortal intoxication by cyfluthrin is not a 
common situation. considering the casework of the Forensic toxicology service from 
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the centre Branch – national Institute of Legal medicine (which includes the central 
area of Portugal), no cases were observed in the last 5 years (2005-2009). nevertheless, 
the study of these substances has particular aspects to be considered by the pathologist.

the analysis of pyrethroids in different organs and tissue samples can be important to 
understand particular cases, due to its complex distribution. However, the toxicological 
analysis is limited usually to the samples collected by the pathologist which, sometimes, 
are not sufficient to a complete evaluation. Furthermore, the determination of different 
pyrethroids usually involves more complexity than organophosphats or carbamats, 
considering their characteristic cyclopropane rings which can cause the appearance of 
stereoisomers. Due to the possible binding of pyrethroids to erythrocytes and because 
no additional chromatographic peaks seems to appear when compared with serum 
analysis, the whole blood study represents a satisfactory way of pyrethroid testing [14].

the cyfluthrin acceptable daily intake of 0.02 to 0.04 mg/kg body weight per day is 
rapidly metabolized, by hydrolytic cleavage of the ester bond, followed by oxidation and 
mainly glucuronization. the cis-/trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane 
carboxylic acid (DccA) and 4-fluoro-3-phenoxybenzoic acid (FPBA) are almost totally 
excreted (93%) within 24 hours after cyfluthrin inhalation exposure of 160 µg/m3, 
with peak excretion rate at 0.5-3h, depending on interindividual variation [13,15]. 
However, other studies observed an excretion of 35-50% of administered dose of type 
II pyrethroids in the first 5 days, with a urinary peak excretion at 24 hours. Due to 
the high excretion rate, urine samples from the first 3 hours after exposure can be 
useful, if creatinine correction is considered. the biomonitoring of cyfluthrin can be 
done directly in blood (or plasma) or by measuring the metabolites DccA (common 
to other pyrethroids) and FPBA (specific to cyfluthrin) [12,15,16].

Conclusions

considering the pathologist report and the toxicological analysis, the results 
obtained highly suggest the occurrence of a suicide by drowning with the concomitant 
use of a toxic substance. As in other similar cases, the information collected by the 
authorities or experts on site has proved crucial to help the interpretation of the case.
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Figure 1 – structure of cyfluthrin [5]. Figure 2 – Bottle with a white pink liquid;  
Bottle of Baythroid® .
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Figure 3 – chromatogram obtained from the analysis of gastric content.

Figure 4 – chromatogram obtained from the analysis of bottles content.




