Determination of hypophosphite in blood by LC-MS/MS for the confirmation of phosphine poisoning
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INTRODUCTION

Aluminum phosphide is a highly toxic fumigant
commonly found in insecticides used for the
treatment of grains, dried foods, and stored
agricultural products.

Upon contact with water or moisture in the air,
aluminum phosphide decomposes to release
phosphine gas [PH;] (Figure 1). Two major
poisoning scenarios are commonly
encountered. The first involves accidental or
intentional ingestion of aluminum phosphide,
where phosphine gas is released through
reaction with gastric acid. The second occurs
when individuals Inhale phosphine gas In
confined spaces, potentially resulting in fatal
poisoning. Children are particularly susceptible
to phosphine toxicity.

Once absorbed Iinto the Dbloodstream,
phosphine undergoes sequential oxidation
[Phase | metabolism], forming hypophosphite
and phosphite Intermediates, which are
eventually converted to phosphate that is
naturally occurring and biologically compatible
form of phosphorus that is readily eliminated
from the body and excreted primarily via
urinary excretion (Figure 2]). Among these
metabolites, hypophosphite can be considered
a specific biomarker of phosphine exposure.
Phosphate is naturally present in the human
body, while phosphite may exist in the
environment; however, hypophosphite Is not
normally present in blank human blood
samples.
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AIP + 3H,0 - AI[OH]; + PH31

Contact with water or atmospheric moisture decomposes
aluminum phosphide and releases phosphine gas.
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Generation of phosphine from aluminum phosphide and
subsequent oxidative metabolism. Upon contact with
water or atmospheric moisture, aluminum phosphide
hydrolyzes to aluminum hydroxide and phosphine gas.

Figure 1. Aluminum phosphide hydrolysis to phosphine
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Figure 2. Phase | oxidative metabolism of phosphine

Based on this metabalic characteristic, a rapid
guantitative LC-MS/MS method for
hypophosphite determination in blood was
developed using 3 SCIEX liquid
chromatography-triple  quadrupole  mass
spectrometry platform.

This method provides a simple, rapid, and
reliable solution for investigating aluminum
phosphide poisoning incidents.

METHODS

The analysis was performed using a SCIEX
ExionLC AD system coupled with a SCIEX
Triple Quad 3500 LC-MS/MS System.

Sample preparation involved liquid/liquid
extraction and chromatographic separation
was achieved on a hydrophilic interaction
liguid chromatography [HILIC]) column using
an 8-minute gradient elution.

Analytes were detected using electrospray
ionization [ESI) in negative mode with
multiple  reaction  monitoring.  Matrix-
matched calibration curves were prepared
using blank human blood with six replicates
analyzed at each concentration level. Method
validation, including linearity, accuracy,
precision, matrix effect, and recovery, was
conducted. Only intra-batch performance
was evaluated.

Data were processed using SCIEX 0S
software.
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Liquid chromatography conditions

Column: CORTECS UPLC HILIC (150 mm X 2.1
mm, 1.6 um]; phase was Amide-bonded silica

Mobile Phases:

A: Water containing 10 mM ammonium formate
B: Acetonitrile

Flow Rate: 0.4 mL/min

Column Temperature: 40° C

Time [min) A[%) B(%)]
0.0 8 92
0.5 8 92
4.0 o0 o0
6.0 o0 o0
6.1 8 92
8.0 8 92

Table 1. Gradient elution program

Mass spectrometry conditions

Parameter Setting
Curtain Gas [CUR]) 20 psi
Temperature [TEM] o00°C
Collision Gas [CAD] 8 psi

lon Source Gas 1 [GS1) 45 psi
lon Source Gas 2 [GS2] 40 psi
-4500 Vv

lonSpray Voltage (IS]

Table 2. Source parameters
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Precursor Production

Compound ion (m/2) (m/2) DP (V] CE (eV]
Hypophosphite 1 65 62.9 -40 -22
Hypophosphite 2 65 65 -40 -10

Table 3. Source parameters

RESULTS AND DISCUSSION

Optimization of LC-MS/MS Conditions

Various mohile-phase compositions were
evaluated, including methanol, acetonitrile,
and different ammonium salt concentrations.

The combination of 10 mM ammonium
formate in water and acetonitrile provided
optimal sensitivity and chromatographic
peak shape for hypophosphite analysis.

Source parameters were further optimized
using flow injection analysis ([FIA] to
maximize signal intensity and overall
analytical sensitivity. The extracted ion
chromatogram [XIC] of hypophosphite (50
ng/mL] is shown in Figure 3.
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Figure 3. XIC of hypophosphite at 50 ng/mL
Linearity

A matrix-matched calibration curve prepared
in blank human blood was used for
guantitation.

Excellent linearity was achieved over the
concentration range of 5-200 ng/mL, with a
correlation coefficient [R®] greater than
0.9995.

The matrix-matched calibration curve is
shown in Figure 4.
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Figure 4. Matrix-matched calibration curve
for hypophosphite

Recovery and precision

Recovery and precision were evaluated using
six different sources of blank blood matrix
spiked with hypophosphite. Comparisons
between blank and spiked matrices showed
no significant interferences.

The results demonstrate that bioclogical
matrix differences can influence extraction
recovery and precision to some extent.
Nevertheless, overall recovery ranged from
/0% to 135%, while relative standard
deviations [RSDs] remained below 10%,
meeting the requirements for routine
forensic toxicology testing.

/SCIEX)

Sample ID Recovery (%] RSD (%]
#1 70.68 2,50
#2 92.81 2.43
#3 78.36 4,75
#4 134.50 1.68
#5 99.84 /1.8
#6 /74.14 /.63

Table 4. Recovery and precision of
hypophosphite

Analysis of Authentic Cases

Two blood samples obtained from confirmed
hypophosphite  poisoning cases  were
analyzed according to the procedure
described here.

Measured hypophosphite concentrations
WErE:

 107.8 ng/mL
 119.9 ng/mL

These values are consistent  with
hypophosphite levels expected in blood
following aluminum phosphide poisoning

CONCLUSIONS

This study presents a practical LC-MS/MS
method for determining hypophosphite in
blood as a specific biomarker of phosphine
exposure. A rapid and reliable LC-MS/MS
method for the  determination  of
hypophosphite in blood was successfully
established.

The method combines straightforward
sample preparation with rapid analysis and
sufficient sensitivity for forensic applications
reducing both sample processing time and
laboratory labor requirements.

The method demonstrated excellent linearity
over the range of 5-200 ng/mL, with
correlation coefficients exceeding 0.9995.
Recovery ranged from 70% to 135%, and
precision remained within 10% RSO,
satisfying analytical performance
requirements for routine testing.

Successful  application  to  authentic
poisoning cases demonstrates its utility for
confirming aluminum phosphide intoxication,
particularly when direct phosphine detection
IS not feasible.

Overall, the method provides a valuable
analytical tool for toxicology l|aboratories
investigating phosphorus-based poisoning
events.
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